LOAD CONTROL DEVI CE *@00002* Field of the Invention 5The present invention
relates to a two-wire | oad control device connected in series between an AC
power source and a | oad such as an illum nation device or the
Background of the Invention 10 Conventionally, |oad c#ﬂMMﬁ@mﬂmmmwms
for use in illum nation devices enploying a non-contact switc ch
as triac, thyrister or the like, have been used practical loy— Sueh'8!st*0ad—
control device is generally of a 15 two-wire type for the sake of sijﬁme

m a

wire connection and is connected in series between an AC pome“wﬂmmmﬁ w
load. In such a | oad control de¥PBB EBHPREE PFVLEE es bet ween

source and a |l oad, securing its own circuit power becones an i npowGtoent
i ssue to be solved. 20A | oad control device 50 in accordance-wth—afi+rst——

conventionghégé@gﬁl%!%pqujn ngL 44 is connected in series between an AC
power sour , includes a main opening/closing unit 51, a
rectifying circuit 52, a control unit 53, a first power source 54 for
supplying a 25stable electric power to the control unit 53, a second power

5 The 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 1like, have been used
practically. Such a load control device 1is generally of a

i5 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

source 55 for supplying an electric power to the first power



source 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

el ectric power to the first power source 54 when the load 3 is powered, an
auxi | iary opening/closing unit 57 for conducting a mnute current to 5the

| oad 3. The main opening/closing unit 51 includes a triac as a switch

el ement 5la. In an OFF state of the | oad control device 50 where the
load 3 is not powered, a voltage applied fromthe AC power source 2 to the
| oad control device 50 is supplied to 10 the second power source 55

t hrough t heoteel fy4 ngrheinr cthé 32adlhe siecondt pewsers@yr ca SHhiixki apewast ant
voltage circuit including a resistor and a zener diode. In the OFF state, a
current fl ewurget Beoughr tsheodloaichs drs sleditraian power cueorehe fhastt heveri s
no possibility for the load 3 to malfunction. 15 A current consuned in the
control uniFPYESS s et WRER endlf sARRFA, w#hi 13¢ aPWRiRfance®Bf BHE1$&88Kd

55 i s, set .t i n_hi gh. On_the other_hand, i ON
T ate of { FEFORS GOS0 dB0T bosd0 MHer SRR T 3 (6 Wihir S TRe PRI

po""erds 20 §QWrce 28 I t%@edm%{‘nbyogfeorﬁ%/ﬂoﬁg??gnﬁrto%ih%x&gﬁfdte%! ynit

53 and an i npedance of the | oad con evi ce owered su at an
anount of euyiREeNEd WG dhraaugteddhedpad 3 is increased. At this point, a

current flowng into the third power source 56 also flows into the first
power 25source 54n therehy statki ngf t ohehdrgel acdmffel dapdciet B30 S#here
the load 3 1is not powered, a voltage applied from the AC
power source 2 to the load control device 50 ié supplied to
10 the second power source 55 through the rectifying circuit 52.
The second power source 55 1s 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 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 is
set to remain high.
On the other hand, in an ON state of the load control
device 50 where the load 3 is 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.



When a charged vol tage of the buffer capacitor 54a becones higher than a
predeterm ned threshold, a zener diode 56a included in the third power
source 56 breaks down. Accordingly, a current begins to flowinto a gate of
the 5 auxiliary opening/closing unit 57, so that the auxiliary
openi ng/ cl osing unit 57 becones a conduction state (closed state). As a
result, a current through the rectifying circuit 52 is transferred to the
auxi liary opening/closing unit 57 instead of flowing to the third power
source 56 and 10 also flows to a gate of the switch elenent Sla of the
mai n openi ng/ cl oghery wni th&tgedo tdiAtaddie ofai thepdéniffgc| capagitort 54a
becones a conduction state (closed state). Thus, alnost all of power is
suppl i ed t bechaelsoadgder than a predabwyanitiesd rghregperd ngd cferengdiede 51
becones a 15conducti on_state, the current continues to flow Howev when

an al t er naPi®Ag EBF}Bﬁ?d(Akﬁ_ﬁ%ﬁthé?iﬁd;éPBW%Fo§§jiﬁﬁ?n,5Q:hQr§ﬁFFch§éW%nent
mai 0 openi AGTERORTIGY, & CUIRErYs DHbEe N SonGiEE T PapEn R LRy .
Wen the majjg;3Qapeni 5gLakaslpgodnhl nheceres Bgn-Gonduehive,ud; gusrent
again flows fromthe rectitfying circuit 52 to the first power source 54 via
the third peaernsQunesise amithe7l @dtomes 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 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 wunit 51 Dbecomes a
15 conduction state, the current continues to flow. However,
when an alternating current (AC) reaches a zero-cross point,
the switch element 51la 1is 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-c¢onductive, 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 is, an operation of the load control

25 device 50 to secure its own circuilt power, and operations to

make the auxiliary opening/closing unit 57 and the main



control device 50 perforns an operation to secure its own circuit
power. That is, an operation of the | oad control 25device 50 to secure its
own circuit power, and operations to make the auxiliary opening/closing
unit 57 and the main openi ng/ cl osing unit 51 conductive are repeated
every hal f period of AC A | oad control device 60 in accordance with
a second conventional exanple shown in Fig. 45 is connected in series 5
bet ween an AC power source 2 and a 1oad 3, and includes a main
opening/closing unit 61, a rectifying circuit 62, a control unit 63, a
first powelopseliney Addielg suppt yENg corstadliergposiee reptheedomtventy unal£63,
a second power source 65 for supplying an electric power to the first power
source 10p&tiwderft .| oad 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 Brd€addetWhxnl 63eYbFedélect n§CaOFERBC R r ¥d& Nt nEeePnd

el oot 156 SR B0 AP S AU gt st o BT CYEE S8 1P S541E8 bo
cont b1 s, A SRR, povatat e, vt sl o, e
det er m ned RasedopBnangy BMbBenkevelid Npatt €8 rectifying circuit 62, a
control unit 63, a first power source 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 outside. 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



20 fromthe outside. To be specific, the switch el enent 6la becones a
conduction state (closed state) at the nonent when the zero-cross detector
67 detects a zero-cross point of a voltage, and, after a | apse of the
above-descri bed period of tinme, the switch el enent 6la becones 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 circuit power as in the first conventional exanple. Wen the main
openi ng/ cl osi ng unit 61 beconmes nonconductive, the zero-cross detector 67
agai n det egle® ezl £ 688 pArALIIANGERTOPEE Al hORhleO ftAke: t BenSWhtEbBnal

el enrent 6l1la 5 conductive (closed state) is performed. That is, an operation
of the | cadxaomtlreol weenceh@0 mad.nseperend /sl rouit bweecahes enbhe
mai n openi ng/closing unit 61 is in the non-conductive state, and, when the
mai n openi FEPEVSEHIYE urfite AASHRToMRSS ndAt86RAtChI’vETadR PRt Dnd oFetfe
zero- 10 cross detector 6! to detect.the zero-crggf point so ihat t he
switch el efém®e PP TONART RV EOFr £°r BpEat dd vy Hal FLPEFPbd° 0F AC.

In the,] 06%&%& lvedevé(:?.%%e@ and, 80 i n; accgrdanee i th the aboye o

convention exanples, it 1s necessary to 15 provide fhe second poler

sources 55,ofRedtd diPNbf NHAet O JRE-PRMBSS HRvibke respest iseurd sitHOVRA
sources 54, 64, so that the control units 53, 63 can operate even when the

| oad 3 is ndirquvergsivedhehefor ehea nedlim espenihgpghosi ngt enikeeqas {4 owhng
into the load 3 and, accordingly, there are 20restrictions on specification
of the conrdet alsine dgwihathieretsgate, and Moamshi tke haigaspenhagéciheisdi tch
el enent of the main_opening/closing unit 51 is a triac, or thyrister as in

the | oad coltiol 6 HeRECOTSE | FOBTAUIPELYSi t Rt RPFFFsion 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, it is necessary to

15 provide the second power sources 55, 65 to continue to feed
powers to the respective first power sources 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 1load 3 and, accordingly, there are
20 restrictions on specification of the connectable load
thereto.

Meanwhile, 1in 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 is generated when a power is supplied to the load 3 and



25conventional exanple, a filter is required to reduce noise that is
generated when a power is supplied to the load 3 and to avoid a

mal functi on due to the noise that propagates fromthe 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 |oad control device.
There is disclosed a | oad control device (referred to as a "third
conventional exanple' hereinafter) reducing noise caused by the | oad
control devbcaveithaumalsiung td otDfdud efo ithe endise JapangseoPageinés from
Application Publication No. 2006-92859. The | oad control device of the
third convehei poalerexavias 3 rwhelli thensuppayswift theelpavwan f Bhemiead
openi ng/ cl osing unit, includes a second switching unit having a turn-on
resi st ance 3| at et tORRE - hat HEWEVRE  swPeeR14S Qfendnt>¥35 r &F shi COHilng>®

unit), wherein the fir swi.tching uniit is turned on.after the.second,

swi t chi ng &Hic{iqd?%t &%%&eo\r%ﬂ%&ﬁe\%é}$ E%ts&%%ﬁﬁdtreoé] ck@ﬁvt_g% i%%%l_f %gaml)}:e,
contral Of ;3 dehe O 1 Mngs, of s Lhe sw-habel S5t SANERE AldGl Lontrol
configuration becone conplicated due to t i ncreased nunber 200f sw tch
el ements. Qdevice.In recent years, electric bulb type fluorescent |anps are
wi dely enpl oyed to achi eve energy-savi ng. However, when the switch el enent

6la of the main Bpenénghclddsiigpaad ta 61oad gontzpdi steoricss (refemeredato

control device 60 in. _ . .
as a “third conventional example’ hereinafter) reducing

noise caused by the load control device without using a
10 fiiter 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 1load, e.g., an incandescent 1lamp, in



25accordance with the first conventional exanple, there is a restriction
that a load, e.g., an incandescent |lanp, in which a load current is in
phase with a | oad voltage (power factor = 1) needs to be used. Therefore,
two-wire | oad control devices adaptable regardless of a type of a load to
be connected, such as a fluorescent |anp, an incandescent |anp, or the

| i ke, are needed. In addition, it is common that the triac or

transi stor used as the switch elenment of the nmain opening/closing unit is
made of Si and is of a vertical type in which a current flows in a vertical
direction ghithe seliem@ntcudserithei case phast wheh rd amad ywehtggmci{power
exists in a conduction path, and thus a | oss occurs in overcomng a barrier
of the p-nfpamnoti oa duringeda elecbei casedondutheatore, t haocwsaeof lohad
transistor, since two elenments need to be connected in an inverse direction
to each ot kentied Cesiisiemadamtablowasreat rer OdeRsittPs Bferd skEr3ingCas a

W t hst andi vol tage hol di ng,| ayer i hi gh, a l.oss_occurs in_the.el i cal
conduct i ong%Succ‘FPrl’%%rse auSESH a‘%’ eah}&tuogféssscf%tti gﬁ“‘By tHe é{/l\nc‘—fl%ﬂeagéﬁént
itsel fs Whil%t&\ i n LUt eiclt]ger es,.a 'r?erle'edSi zed heat sink. As a result, it is

i
difficult to 5Bhieve%large Z0capacity and scaling down of |oad control

devi ces. FHrtheicisHchikoad comincel tdem Ccese af€igenst attinsistor
accomobdated in a netallic box or the |ike provided on a wall to be then
used. Sinceisean\eentilonatwioad edameat déEvitdes dwavve apénimgAatiosing ihst
scaling down, it is 25difficult to install the |oad control devices in

conbi nat i or-swinddether Sseasdr &5 N txhesrandalhé&YPeken v Hoxa geREF &RFy

flows in a vertical direction of the element. 1In 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 loss occurs in the electrical
conduction. Such loss causes large heat dissipation 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 1load control
devices have a limitation in its scaling down, it is
25 difficult 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 nore scal ed down | oad control device
in order to use the | oad control device in conbination with other sensors,
switches and the like, in a general-sized box. 5 Summary of the Invention
In view of the above, the present invention provides a |oad control device
capable of realizing a scaling dowmn and 10 a | arge capacity of the |oad
control device by reducing a quantity of heat dissipated during electrical
conducting to a load, without a limtation on the power factor for a | oad
such as a fluorescent |anp, an incandescent |anp or the |like. Further, the
present i nuesti.ohacpbeditedys ltoadeCdni rplnddd devt aohes @i eSWidwh BbgaeNnt s
can be accurately controlled in opening and closing timngs while reducing
a nunber ofousmpdnatawiad ifhe ogwietcht @l sgentthe load caddicpilorhige t be
present invention provides a | oad control device capable of preventing a

M nut e cur FERPIAASAHCRO0 WAt A et BRSPHAd FHiFENERe aNgadhies dte poterad,
by onitting a _co stLtu%p% corresponding to the second power source in the
convent i ondfFEXEAMIFE2< P9%- | n accordance with a first aspect of the
presert invention, there is provided a |oad control device connected 25in
series between an AC power source and a |oad, including a main

openi ng/ cl yniof Vel Yy eries between the

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 from

20 flowing into a 1load while the load is not powered, by

omitting a constituent corresponding to the second power
source in 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



power source and the load for controlling supply of power to the |oad and
including a switch elenent, wherein the switch elenent has a | ateral dual
gate transistor structure having a w thstandi ng voltage portion and havi ng
a dual gate to 5 which a control voltage is applied; an auxiliary
openi ng/ closing unit having an auxiliary switch device of a thyristor
structure for controlling a supply of power to the | oad when the nmain
opening/closing unit is in a non-conduction state; and a control unit for
control ling opening 10and cl osing of the main opening/closing unit and the
auxil i ary BP¥REnGPEFESi RgSuie 1oad formpontaf g rotPrikyi e Potehet©

includes a first power_ source unit for .receiving an electric power from
both ends &€t ﬁ'é’%ﬁjaiarpdop’erh?]n W%s?nawﬁﬁf:f‘ i §"§“&ect‘“{q‘eﬁ§?§’ cy ecu?‘flt((i)}% and
supplying a,stabl e.power 1o the cqntrol it powe r it
f or receivﬁ%ﬁmgﬁteﬁgﬁ ﬁ?ci%%%%?lfggégbg?ﬁgeﬁﬁgi5§E¥%%gnaln‘%ﬂ%%?ﬁ%%%?%ging
unit via the £ yi I oYkl ge@Ndo SHPRLYI an ROYREL 10 §he1fid=sle peyer
source_uni?’ﬁgggﬁ%%%ﬁ?gg% &g ﬁo epg%%reg; aa'rlve cir%yﬁt for 0 driving
the nmed n openidtg/ CLosi AgntRbl; ardiddge POWRS saupagcdni t har ssppiyiagya
power to the first power source unit when the |l oad is powered while the
mai N openi Rgetlieni/Q delidg amithenawkhd i any aopeniaglclsoditng Wetides oh a
conduction state; and a voltage detector for detecting a voltage 25i nputted
to the thi thypdwsors ainoetuniet . fothidaenthel 1ozl 4 ssyemky edf phectobor bheuni t
makes the main opening/closing unit conductive for a first predeterm ned

period of tlioasd wvent héhgol magae depectdg/¢dosdng t HAL tt hésvolifage | APOtt ed

to the third power, source unit reaches a fredeternined t hreshol d and. nakes
t he 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 firstlpower
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 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 the load is powered while the main opening/closing unit
or the auxiliary opening/closing unit is 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



5 auxiliary opening/closing unit conductive for a second predeterm ned
period of time when the main opening/closing unit is in non-conductive
state., Wth the above configuration, the main opening/closing unit
i ncludes a dual -gate transistor as a switch elenent, 10 which is one of
sem conductor chips with a high efficiency froma viewpoint of a |ow | oss
(low resi stance), thereby achieving a |large capacity and a scaling down of
the |l oad control device. In accordance with a second aspect of the present
15 invention, there is provided a | oad control device connected in series
bet ween anMAEPPoWSPEEHACE1Q5d T | od®LY nclGRIF T i n B¥eni y/ cl BT iy

unit controlling a supply of .pawer .to _the | oad d. havi itch el t
of a transP§F@F%§FP&€E§rZ?eﬁﬁgguxPFiaF§m§pe§$?ﬁ?2FB§?x%ggﬁgggﬁg $E%g%8PEn

itch 20 _devi f t i st t t trall. | f
pover (o t AETHGAE VBT U bt T 3ot NOTErBa1 RG. TRy TR 1R SO SR i on
state: and,g;6ontigloul t {OrpeeLEobhl DOI0PERRG:ANG LS Nayl.d heypain

openi ng/ cl osing unit and t uxi ['rary opening osing unit. 25The | oad
controd de&h&%lfi@rﬁhebgéaﬁldgd@@ﬂ‘ﬂgr StuBQVercHRUICE Wi trELCel Vi 88cERd

el ectric power fromboth ends of the main opening/closing unit via a
rectifyi ngpredeiticrmimeds uppt yddigod Stiall evipamwetheo nidig Coperibhg leldsing
second power source unit receiving an electric power from both ends of the
mai n openi ngyicl ds ng woint- oorgiudite veecttiafygi.ng circuit and 5 supplying a
power to the first power source unit when the load is not powered; and a
third power sour¥étlinthesappigi serd igowat og t i imain peReRiBa (e tesLngt
when the load is powered while the main opening/closing unit or the
auxiliary opefi ngrel¥dehgaurfial 93 atEBRaLEEPEN &1 ate SWERGH tﬁ%e‘ln%%lf

control device, the third_power, source . . . .
10 which IE one ofpsemlconéﬁctor 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
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-



unit includes a voltage detector for detecting a voltage inputted thereto,
and a zero cross detector for detecting a zero cross point of a |oad
current, and, when the load is powered, the control unit rmakes the nain
opening/closing 15 unit conductive while a first predeterm ned period of
time counted fromwhen the voltage detector detects that the voltage
inputted to the third power source unit reaches a predeterm ned threshold
falls on a third predeterm ned period of tine counted from when the zero
cross detector 20 detects a zero cross point of the |load current, the
third predéber MHey PRELHAIOFLIPFHBIDENAG SHbR t Br YeR&d T RS I e ofPEhe
| oad current. . Wth this confiquration, since the control unit nakes
the main oFeRPAYALR0S iy 3 p@é‘f‘?dﬁ%ﬁ 3‘3‘? TP LR 7 £Dr SSBIUE PRYET
predet er mi ned _peri od. .of 1i n e i ni et at a
vol t age inﬁ&ﬁf&&t%?%%er%ﬁgggﬁggoﬁ%? %%%%%gggeg%ﬁ§?¥$%#@dg%5gm%ﬁé? bE

threshol d, t%%eggt%[gaemwmd%ﬁ qu?gvggi PhOPEOLPYEGLRST BYrLit hAgt he

| oad for nost time of a cyc a power source. Further, the
controd unid,gyakasd he pBWAroReN 119 CEeskRy pHlidr N8Burcd ceNAUGIHae when
the third predetermned period of tine is |apsed even while in the first

pr edet er m netderd ebtofpdwarsd ;i tamhra ehsed upedet hadutbe wain supplying
openi ng/ cl osi ng unit becones non-conductive before a | oad current reaches a
zer o- cr oss gpopover even vhen fiete pewardeayrden theétt iwheny shewhiadd t he
10first predeterm ned period of tine begins, e.g., for a low |oad. .

| n accor damsveagech viritl rdhadpeint epenhes pe ety wreht Ponthehapgifdary
provi ded a | oad control, device connected in_serjes between an AC power

sour ce and9¥QQﬁ%ﬂ q%ﬂﬁﬁﬂﬁrﬂf%; 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
predeterﬁined 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 a. first predetermined period of time when the voltage

detection unit detects that a voltage inputted to the third
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15 mai n opening/closing unit controlling a supply of power to the | oad and
having a switch elenment of a transistor structure; an auxiliary
openi ng/ cl osing unit having a switch device of a thyrister structure and
controlling a supply of power to the | oad when the main opening/closing
unit is in a 20 non-conduction state; and a control unit for controlling
openi ng and closing of the main opening/closing unit and the auxiliary
openi ng/ cl osing unit. The | oad control device further includes a
first power source unit receiving an electric power from both ends of  25the
nmai n openi BGMEFoSONG CEniteaARNE S & RUFISH g ERe ¢ uF T aFP sdppF e ngouest 4B e
power to the control_unit; a third power source unit supplying a power to
the first SORELSGufEELrfRe M%Wtﬂge%aa/f:%oﬁ&%@r é’&‘%}\'vmtlp‘g '{}Fﬁe %%"f‘ﬁ for
openi ng/ cl gsi ng it or_.the Xi 1. openi ngLclosing unit _is in_a
conducti on TR & SFOCAI righ hi 1 Focol ST RGoR BoRPPAT SPURSE i nBUFERET 5
external | Vi ands g d AGEPRAdENt, AONET L AQUIEE: HNbbehefb) LYLRINGNG,EAN! AOh
signal received by the receiving unit and suppfying an el ectric power to

the figst RWRILEAYLEvhen the WHikrd Nprabevemanfdousati O, o3 Ncand hes
i ndependent power source rectifies the control signal received by the 10

recei vi ng Upigsean@vaippitiidse tie dhd siipovepreast eemihéd pepOvlr oft beme, can
be omtted a constituent corresponding to the second power source in the
convent i ondlt exanideesedurddearhatsitrioe maeni odependéntopomgr usdtr becsuppl i es
power independently and separately to the first power source and 15t he
| oad, a ramgpa-clongulierd ohdfenn v WpddnethirBritef rPasbesptd oAeEP-Ehess
Drawi ngs 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 state; 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
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The objects and features of the present invention will 20 becone apparent
fromthe follow ng description of enbodi nents, given in conjunction with

t he acconpanying drawings, in which: Fig. lAis a circuit diagramof a
switch el enent having a | ateral dual gate transistor structure in
whi ch 25there is a single withstanding voltage portion, and Fig. 1Bis a
circuit diagramof an exanple in which two MOSFET transistor elenents are
i nversely coupl ed,; Fig. 2 is a cross-sectional view of a switch

el ement having a |lateral dual gate transistor structure; Fig. 3

I's a circubbudicegravht! supipligioniangaves Hasutdl%cfolms*gmca@%nswr@elmut

control device 1 in _accordance with a first enbodi ment of }he present
i nventi on; 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 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 1is 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. 4is atimng chart illustrating signal waveforns of parts in the | oad
control device in accordance with the first enbodinent; 10Fig. 5is a
circuit diagramillustrating a first exanple of driving circuit of the | oad
control device 1A in accordance with the first enbodi ment of the present

i nvention; Fig. 6 is an enlarged diagramof the drive circuit
of 15the | oad control device 1A shown in Fig. 5; Fig. 7 1s acircuit
di agram of a nodified exanple of the drive circuit of the |oad control

devi ce 1A ~ Fig. _ 8is an enlarged diiagram of the drive circuit shown
in Fig. 7;t¥ePrpgstor| §lgmenteuptedildyeatayYs oot &éanmpl e of the drive
circuit of the load control device 1A Fig. 10 an enl arged di agram
of the drive cirEigt ghdwn ancEbgs-8ectional vidw gof 12 isvidad relgnent

di agram showi ng a specific 25exanple of drive circuit in accordance with
t he secondhaving a lateral dual gate transistor structure;

Fig. 3 1is 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 1is a timing chart illustrating signal waveforms
of parts in the load control device in accordance with the
first embodiment;

10 Fig. 5 1is 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 1is 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 load control device 1A;

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

Fig. 11 41is a circuit diagram showing a specific

25 example of drive circuit in accordance with the second

example shown in Fig. 9;
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exanpl e shown in Fig. 9; Fig. 12 is an enlarged di agram of the

drive circuit shown in Fig. 11; Fig. 13 is a circuit diagram
illustrating a nodified exanple of the drive circuit in accordance with the
second 5exanpl e; Fig. 14 is an enlarged diagramof the drive circuit
shown in Fig. 13; Fig. 15 is a circuit diagram of another
nodi fi ed exanple of the drive circuit in accordance with the second
10exanpl e; Fig. 16 is an enlarged diagramof the drive circuit shown
in Fig.l5; Fig. 17 is a circuit diagramof a drive circuit in
accordance with Bighifd eséanprecnismdsd 181peTaR & abied IFaGr aft 6FUthe
drive circuit shown _in Fig. 17; Fig. 19 is a circuit diagramof a
first nodiFP@Hne%Qnng'oﬂgﬁhe | oad control device in accordance with the

first enbOdlnentFig. 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 is a circuit diagram of another modified
example of the drive circuit in accordance with the second

10 example;

Fig. 16 1is an enlarged diagram of the drive circuit
shown in Fig.15;

Fig. 17 1is 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 1is a circuit diagram of a first modified
example of the load control device in accordance with the
first embodiment;

20 Fig. 20 1is 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

25 Fig. 20;

Fig. 22 1is a circuit diagram of a third modified
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20Fig. 20 is a circuit diagramof a second nodified exanple of the |oad
control device in accordance with the first enbodi ment; Fig. 21
is atinme chart illustrating signal waveforns of the respective units in
the | oad control device shown in 25Fig. 20; Fig. 22 is a circuit diagram of
a third nodified exanple of the |load control device in accordance with the
first embodi nent; Fig. 23 is an enlarged di agram of the drive
circuit showmn in Fig. 22; 5Fig. 24 is a time chart iIIustrating si gnal

wavef ornms of the respectiv its e load cantrol sh | i g
22; | exampilg C?‘E the Eeﬁacﬁcfntd?% r SV oF Ca ﬁ%a%c%(o)r%{ f? de\?ﬂl@gle %\g
accor dance ond_enbodi nent of the present 10i nventi on; Fig.
26 is a t|ﬁér8EaFPgP§FH§P§at|ng signal waveforns of the respective units in

c f a high | the. | oad
case of a high loagd i95the | 9ad ocaRkifla dYhGeahn O CORSAREA VY 1 theLe

shown in Fig. 22;

5 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

10 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

15 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

20 opening/closing unit and there is a low load in the 1load
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;

25 Fig. 30 is a circuit diagram illustrating the

configuration of a load control device in accordance with a
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Fig. 27 is atime chart illustrating signal waveforns 150f the respective
units in case of a lowload in the |load control device in accordance with
t he second enbodi nent; Fig. 28 is atinme chart illustrating signa
waveforms of the respective units in case where a third predeterm ned
period of time is used in controlling of the nmain 200peni ng/cl osing unit
and there is alowload in the | oad control device in accordance with the
second enbodi nent ; Fig. 29 is acircuit diagramillustrating the
configuration of a |oad contraql device in accordance with a third

enbodi nent L8R EReCPPRLERENFnPENFRENPTESENS. 180S0 rcuit di agram
Illustrating the_ confi EraLion of a.l oad cog%{gé devigﬁlin ac%prdancghgwth

a fourth enbodimEht of 't héSreSenCiWerit i tam JSHEEEE% o

a cifcuit

o acram | LUBKSLEg e oon OUE Rl 2oLl 08 SiA gl Lo done
device in accordance with the fourth embodiment; '

5 Fig. 32 1is 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 i1llustrating 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 illustrating the
configuration of a second example of the load control device
in accordance with the fifth embodiment;

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

20 Fig. 37 is a «circuit diagram illustrating the
configuration of a third example of the load control device
in accordance with the fifth embodiment;

Fig. 38 is 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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5Fig. 32 is a block diagramillustrating a | oad control systemincluding a
| oad control device in accordance with a fifth enbodi nent of the present

i nvention; Fig. 33 is acircuit diagramillustrating the
configuration of a first exanple of the |load control device 10in accordance
with the fifth enbodi nent; Fi gs. 34A and 34B show waveforns in

operation of the |oad control device in accordance with the fifth
enbodi ment, Fig. 34A showi ng a waveform when a power factor is 1 and Fig.
34B showi ng a wavef ormwhen, a power factor ia,not 1, . Fig. 35 s

circuit diagramitFustPdting® the cSifigthtati Gr28F2R ser % ogﬁ?he
0o cont o] Seu.co R aceoLIance W Lhe £ L4 N RTRLATI e o ceyEh %0
o o S, Ak SR S gy [N K
with the fifth eppodimant; is a2 MHihg38isididbageamyl | st rath8@aic
schematic configuration of a switch el'enment included in"the nain
250pem ng/ elRFiidmrafiilborof oitheal ogdi €ont ral eriavt ceireflddeal t Ainr deBxamphen

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 varidus 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 1is a circuit diagram showing a configuration
of a load control device in accordance with a first

20 conventional example; and

Fig. 45 1is a circuit diagram showing a configuration
of a 1load control device in accordance with a second

conventional example.

25 Detailed Description of the Embodiments
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Fig. 39 is acircuit diagramillustrating the configuration of a fourth
exanpl e of the |load control device in accordance with the fifth enbodi nent;

Fig. 40 is a diagramillustrating a schematic 5 configuration of a switch
el ement included in the main opening/closing unit of the | oad control
device of the fourth exanple; Fig. 41 is a cross sectional view

taken along a line A-A shown in Fig. 40; 10Fig.42 is a circuit diagram
illustrating a configuration of a |oad control device in accordance with a
si xth enbodi nent of the present invention; Fig. 43 is a time chart
illustrating si gierewagtter neeobodantons pér tthe prsssa twnigreent 1om ryill
predeterm ned period 15 of time is used in controlling of the main
openi ng/ cl BSi MEIFkPehdinhBrEe defdi VHER FRIERETCEad REFITPHRYIRS in

accordance with the h enbodi nment Fig. 44 is a circuit
di agr am showANggS 8&?#%h#§F“bﬁ'@P?§IQﬁﬁfQQWHro device in accordance with

a first 20conventional exanplenand o, n. 045 15 a Cibgu toghagsam

showi ng a conf!g I"0ad con Vi c&5Fn accot dance wr
secoanconﬁ%@Hb%nal X%%E ofdance with the present invention to be

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 in 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 connected to each
other and grounded (as a 1lowest potential unit), a
withstanding voltage 1is unnecessary between the source

20  electrodes S and gate electrodes Gl and G2, but it is
necessary between the gate_electrodes Gl and G2 and drain
electrodes D1 and D2, respecﬁively. That 1s, 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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25Det ai | ed Description of the Enbodi nents Her ei nafter,

enbodi nents of the present invention will be described in nore detail wth
ref erence to acconpanyi ng drawi ngs which forma part hereof. First, a
switch elenment for use in a load control 5 device in accordance with the
present invention to be explained below wi |l be described with reference to
the drawings. Fig. A shows a circuit diagramof a switch el enent including
a lateral dual gate transistor structure having a single wthstandi ng

vol tage portion and Fig. 13 10 shows a circuit diagramof a switch el enent
havi ng a caekiigesatdre sberecédobyOSFEfate assgahdr cdevtitesbasescaipl €gei n
an inverse direction like in the second conventional exanple. Further, Fig.
2 i1l ustrasesiraecrdsstgwcts, onalpwitenpfat hamswilreheelsdmmatl Havitiee agdbe er al
dual 15gate transistor structure. In the configuration shown in Fig.
13, since §36CE&8rRECtGHdRBASEH Pho HHeankPSPRFLHesi CeSneie BnneRY £t o

each ot her andg@Lounggp égs a.I?%@stépotential unit), a w thstanding

vol tage i s CARnETESary ot MBS SHRE SEUFEES0 el ectrodes S and gate

el ectrodes Gl an b L | ec ary. . Ne . el ect

and Gzéjand dr ai ngrél(%é r&g%g’é&D&agﬁd %gl% r%sl%g;gr%\?e%r@. %g%&llrgé %hggg&?%g
needed a digiancdortwhhdssendi Berveltliags i d.Wo £9r shens and Bigd. aia

portion in which the distance for wi thstanding 25voltage is provided is
referred t@amas 2w t hatahedi npalil 2exdjeapord i loh-dieset hafid br dBwrickeerwitdi nge
the two transistor
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 1is a circuit diagram showing a basic
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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devices are operated by a gate signal on the basis of the source electrode,
inputting a sane drive signal to the gate el ectrodes GL and & of the
respective transistor devices can drive the transistor devices. 50n the

ot her hand, the switch elenent having a | ateral 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 wthstandi ng voltage
portion. The switch el enent of such configuration needs to be controlled
10 on the basis of voltages of the drain electrodes D1 and D2, and,

accordi ngl yp diffidfrer etti~dimnioye shgnalmsimeedpenimeginpousieg tonthe tlo gate

el ectrodes Gl and &, respectively (for that reason, it may be called a
dual gate reansiEytiog)cifEuist 1BnbediceairplisHif 1B ifom eoneinklrdgham
showi ng a basic configuration of a |oad control device 1 in accordance with

alrirst enﬁ@éﬁﬁﬁﬁPfép tﬁfvﬁﬁékéhta$n%eWFP6ﬁ: and TS PP S ciatt
i ustrating s f i i : i
[ Ust At 0 Shanal MeHeTotTs of Al QUsyBer L8, ihd Nephend: SaBltols Sievioe

rrve circul 01§ not” 'shown

in these draw, Sgo%tr Wl ke &?f@ri@e@opehapﬁlyi_ng arRel Brdd Pg- t9ofkg. 3,

t he Ioad_contrp evice I 1n accordance Wt e’ first enbodi nent of the
present inyentiid EsrseUpRr NsSeré€subetvwaen aneACHmeIosdUBCE 2 @5and a

| oad 3 and includes a nmain opening/closing unit 11 for controlling supply
of a power powetrlel,| oad thimd didoserci sourte 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 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. The main opening/closing unit 11 has a
15 switch element 1lla 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 locad 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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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
10openi ng/ closing unit 17 for conducting a mnute current to the |oad, and
the |ike. Wi reldthieor,oadhe3 t Hisr dppeseedsoumpedaride 16f i $heur therd
provided with a voltage detector 18 for detecting a voltage inputted

t hereto. Theweui Robperi KLl 36 A§ mRide LPwhand aAFEHeRh & ehehf tfato
having a |l ateral dual gate_transistor structure ﬁnd t he auxiliar

openi ng/ cl 64PHg FF-hadtan 487 iGHRFR t EFVeCEeht HEViTRPA € _ iéﬂ% 2
i oot pgrer TR R s Sl R BRI, R o e
flows 4 ntogLhe, SecancRRMEr SQUIER; Ml boderVkaulle reald fid Nt ChHEeviled?
fromthe power source 2, a mnute current also flows into the load 3.
However, tRQetm nuhe cubleandgel |dsawdir oudtarndiend oadnd ticx isigppressed 18 a
| ow | evel such that it does not cause any mal function in 25the | oad and an
i npedance ehithe deteatd powerlts=ge conpuiteds5 ivhdéepthatvelhagh datgetor
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 contrql 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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While the load 3 is powered, inpedance of the third power source unit 16 is
made |low and a current is started to flowinto the |oad control device 1,

t hereby charging a buffer condenser 25 of the first power source unit 14.
As 5 described above, the third power source unit 16 is provided with the
vol t age detector (charging nonitoring unit) 18 which detects a voltage

i nputted. When the voltage detector 18 detects that the voltage inputted to
the third power source unit 16 reaches a predeterm ned threshold, it
outputs 10 a predeterm ned detection signal. Wen the control unit 13
recei ves thegdatedih ajofdwgiiad. f riie t Bervel pageicderadined Iridd odf puigea
first pul se signal (nmain opening/closing unit drive signal) for making the
mai n openi dgtcéhgsi wipiaghi t the cowrdoct iopennghelodsinvg ciuntui t110 becbhats t he
mai n 15o0peni ng/ closing unit 11 becones conductive (closed state) for a
first predEPBRHFRa&YSperS derofexdlpy sSet to by, s3ighéwy £hrWIUERRTR of

exanple in i.ch a_first pulse output unit 19 (i.e., main opening/closing
uni t drivehégﬁnﬁVC&&tB t PQWer) TEE Wded in the control unit 13, the 20

I harware 1o BPEEt oot SOE B PEFREH YRGBk a8 CEEHE'ER, ' ©

in hardware to directly p e sign I'nN Tesponse

detection pkabak fhem tbgavetiage agbent M) AllrelRat hvel ypsav tdroutnbei ng
limted to such configuration, there may be a configuration that a 25main
control | er £2@sitncpudiagereiged aiOhRt), rdoei vesitamloutpit of3t hexked t abe
detector 18 to output the first pulse signal in software. The first

pr edet er m asgipdairyd aferting dsing wahdéh e qmidunaipers nigtoesdingtahel 11
becomes conductive is preferably set to be slightly shorter than a half
cycle of péR&r 3r SRSy . PERERFETHABR REFHPH QfenFHBPfcl Gsithg ufFverzl

Starpﬁ)to hundreds j seconds). That 1s, 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'.

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 unit drive signal) having a
duration of a second predetermined period of time so that a

20 drive signal 1is 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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become non-conductive (open state) after a |lapse of the first predeterm ned
time, the control unit 13 nakes the auxiliary opening/closing unit 17
conductive (closed state) for a second predeternm ned period of tine (e.qg.,
several 10 hundreds p seconds). That is, when the main opening/closing
unit 11 becomes non-conductive and a | oad current begins to flowinto the
auxiliary opening/closing unit 17, the load current continues to flowinto
the auxiliary opening/closing unit 17 until the |load current becones '0'.
15In this regard, Fig. 3 illustrates a configuration in which a second
pul se out put unikRefdrisngr @d dedgas 4, pertihontieé tdieveonbpebatuibhs]l3 dm
out put a second pul se signal (auxiliary opening/closing unit drive signal)
havi ng a deflatitericofpewsecorsl prepdtedn fedm pdticodmaint | PReRENG hat OBl D
drive signal is inputted to the auxiliary opening/c[osin% unit 17 for_the
second pred8i&r HlndeP pElrf odOBR Bi FOTafMFt def ebRf nGiPRaC Ife Mdh cycle

opent ngcl g% 19 Ui A1, Nas, Becole, 8 ngpscondust kon shate donenstate),

Alternativ may be outputted by using a so
25confd gur at| r al.i y usj CLECW ikl W@ N, 18k

di ode,é a c%trtl):g1 Eggﬁlé/re !t:hgégg?gé. Afe? ct%lea?yérr?%gt%%o%i{%. lé%, ?\n@rtlﬁu?%leogbove
oper at i ons c1 3 @IteCld | LeBQYEH bHAS WHHL eehé r eMetheigRipgdwepen Ngsebesiag

unit 11 to the load 3 for nost of the tine of a half cycle of a standard
power sour decaf tehe t hexbifibey cpwensefcRisisy Bnoonpl7etedy tbkarlgedl After
that, an anount of conduction current is reduced and then the electric
power is sipldeed theonihelaaxy| | APSNEPBNFHYF ENGsiHyt unilt? 120CUERE | dRd 3.

Si nce the auxiliary opening/¢losin nit 17 includes, an auxjlia switch
devi ce 17a ARG t#%&ﬁ%ﬁJ e%&?%g%ﬂ?é?aY%nglﬁ %%%5ﬁ%€e5 ﬁ%ﬁgﬁgﬁHECt?gn
state at a.tine point_(j. Z r oint) a.current. val ue ones
"0'. TFurt héore,co\m'uegsn % hlé‘é%uglb 93%98%6%5%9 clagési %\é\/ggﬁﬁet p%'?r{)ecélrrbéfsi’ a 2886
nOﬂ-Conductéx%sstgwnt& GiHdeNh Sé@Fisnt Ovhhow agaksméat o othe t hiirghpeyer

source unit 16. 15The above operations are repeated every half cycle of
when the auxiliary opening/closing unit 17 becomes 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 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 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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t he power source. Since such operations are perforned based on a | oad
current, even when the main opening/closing unit 11 includes the switch

el enent |la having a transistor structure, the load 3 is not requested to
have a power 20 factor of 1. That is, a two-wire |oad control device in
accordance wth the present invention is adaptable to any of fluorescent

| anps and gl ow | anps. Further, in the present enbodi nent, since the main
openi ng/closing unit 11 includes the switch elenent |la containing a

| at eral dual gate 25transistor structure, requiring only one single _
wi t hst andi 6§ \helattagenipardd ofirompohesgplodmoe povent t otaelbads arecumrmt  of
heat emtted fromthe switch elenent itself is reduced, thereby achieving a
scal i ng dowhearbyaarhigwiogpaciscpléng fewWro2d e et IISARAS 1Y tHe Safre
tinme. In the enbodinen%@shomn in Fig. 3, a current detector 522
for detectitRdacenFrent AEVIFENG Tt GuFRTENE TFGxi | i ary openi ng/ cl osing unit

17 is provided. Wth this. canfiquration, in the eyen f eqﬂggﬁ
devi ation or ove Tog%?_SmP8§&mSggr§kPW§uﬁF§%l haégeézgggﬁﬁ t'rom %kor
auxi liary gpeni0g/ gl.aiRg i L 1{hedhesiBiing109penidg/ ehesidgkiliary
openi ng/ cl osing unit detector 22 is if necessary.

opening/closing unit 17 is provided. With 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 i1s 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/clésing 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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(First Exanple) thereby protecting the auxiliary 17 from being broken. The
current but nay be provided 15Next, there will be described a |oad control
device | A including a drive circuit 10 in accordance with a first exanple
in the first enbodi ment of the present invention with reference to Figs. 5
and 6. Fig. 5is acircuit diagramof the load control device |A including
the drive 20circuit 10 in accordance with the first exanple and Fig. 6 is
an enl arged diagramof the drive circuit 10 shown in Fig. 5. As
shown in Figs. 5 and 6, the drive circuit la for driving the main
openi ng/ cl gskBeg ami thdl dwicdddifleslémensetis a250f Aopiraienssighaibg from the
sem conductor sw tch devices 101 and 102, e.g., photocouplers, or the |ike,
correspondicpgttrolt henidual3 is inputted respectively to light-emitting
units 10la and 102a of the opto-insulating semiconductor
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 1light-emitting wunits 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 10lb 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 1lla 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 1la on the basis of each of connection points
at which the 1light-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 10lb and
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gate of the switch elenent ha. A drive signal fromthe control unit 13
inputted respectively to light-emtting units 10la and 102a of the

opto-insul ati ng sem conductor switch devices 101 and 102. Upon receiVving
the drive signal, 5each of the light-emtting units 10la and 102a conve
an electric power thereof into a light energy and outputs it. Wen |igh
fromthe light-emtting units 10la and 102a are incident into |ight

receiving units 101b and 102b of the opto-insulating sem conductor swtch
devices 101 and 10 102, respectively, photoelectric conversion is

performed BY20a@PrErRAtsE 15YHIRG e3RFFi A GARt SWIGHR METHPh, LiherEblhe
Coctri o RanTRET R RS A To 10T S T e %gene ta Loeti P8t he
clectric poneh é’er’rélrpél?:etcfr%ytoea%fﬁs 055?%%{1?15 t-r%%celryv;[tn%e AT E oThtnRge
I's applied,ag %h%%%h I%(Hc%nﬁc?éer{tpléf %%&ﬁf {159 3%5981%%99 ha

on the ba5|s 0

connect’l on pol nts at |ght-rece|v

units g01b +gprd &&%@rglgﬂgﬁen@%e%ﬂ Otltlgemég;np%‘ﬁ%rnﬁ@}’r&%glr(gﬁ Snitail

comer ci al

10

15

20

25

power source) and the load 3 (see Fig.
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
electrically insulated from each other, the drive signal is
not inputted to the gate electrode of the switch element 1lla
as long as no light is outputted from any of the 1light-
emitting units 10la and 102a. That is, supplied to the gate
electrode of the switch element 1lla is an electric power
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
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 illustrate a modified example of the
drive circuit 10 depicted in Figs. 5 and 6. In this

modified example, the light-emitting units 10la and 102a of

is

rts
ts

102b

the opto-insulating semiconductor switch devices 101 and 102,
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As the drive signal is outputted fromthe control unit 13, each of the
light-emtting units 10la and 102a of the opto-insul ati ng sem conduct or
switch devices 101 and 102 25emits light in response thereto and the |ight
is inputted to a corresponding one of the light-receiving units 101b and
102b connected to the gate of the switch el enent ha of the main
opening/closing unit 11. Thus, the drive signal can be easily inputted to
the gate el ectrode of the switch el ement ha whose reference potential is
different and, accordingly, 5the switch el enent ha of the main

openi ng/ cl gsgng WhdtckbugArDECHHR acepBeyeld Gh StakecéCloset st abter.
Further, since the light-emtting units 10la and 102a and the

| i ght - r eceintichg tiiist SclFlilyuaret ik32h af vhheeopfoicmsadeatt Nl sema oplduct @
switch devices 101 and 102 are 10 electrically insulated fromeach other,
the drive shgnarive netrewpht ldd ¢ant be grBIEdcEPodPRIORITR A% ch/ 2,

el enment ha as long as no light is outputted froma of. the light-emtfing
units 101a38Ad D25 eFhaiCi £OYETppf PRITRBELHR égtéﬂéfeéfﬁgﬁe FHe swPt ch

el ene ha I.s n %I%%yrhp power 15 electrically insulated fromthe contro

unit I (oFthe fiFstCSomer source unit 14), which is different fromthe

drive signal outpsecerdfEoamphe) control unit 13. Al so, the opto-insulating
sem conductor switch devices 101 and 102 connected to the gate el ectrode of
the switch el eneht hagd 2FxHrde AFHSE odBan#idflf BEsi ﬁgﬁpgﬁanaéfi‘ﬁm‘éhy
whi | e keepi.ng_an insulation state, based on the drive signal fromthe

control_unﬁﬁciyges 2 ‘hﬁﬁﬁ%.c}rﬁﬁdtS }?IdﬁlrﬁFﬁéﬁdﬁﬁﬁﬁfi FRx ZrpP e3Pt he
drive Clrc%kgm% ék%g§ﬁe9efgrgh g'€%6¥%5§: g %m&slo. 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 1lla, each elements being two
sets corresponding to the dual gate of the switch element
lla.

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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25nmodi fied exanple, the light-emtting units 10la and 102a of the

opt o-i nsul ati ng sem conductor switch devices 101 and 102, e.g.,

phot ocoupl er, are connected in series to each other. Wth this
configuration, a value of current flowi ng through the drive circuit 10 can
be reduced to approximately 1/2, and an electric power consunption in the
drive circuit 10 5can be reduced. (Second Exanpl e) A | oad contro
device 1B will be expl ai ned which includes a drive circuit 10 in accordance
with a second exanple with reference to Figs. 9 and 10. Fig. 9 shows a
10circuit di aghramirdtheon ogtlegenta oswieyhcenti® amdd Fag. ck®das iam enhatged
di agram of the drive circuit 10 shown in Fig. 9. As shown in Figs. 9
and 10, therdriiveleitecuifirat0 daorh driheng tTHee nfivepewi teft cilesi ags uhPBall

i ncludes di odes 10la and 101b whose anodes are connected to the first power
15 source @#i% 183bcop¥BnsePs 1DHBLERA 10HFSHdOsENTesPedt i P8VEneVRhdSUaEr e

connected to a.power .l i ne and whose the other.respectiyve ends are connected
to corresp&r‘?&’iqﬁr}é’u(,rgttﬁiﬁ:'&’egs %F % %%%%%edar}be %jlrba:é/ta%' drive switch

devi c 103a and.,103b n ! - a cti.Qn int e.di S
To1a 50 and 1016 A PRE canderintitya SEROoSES" S Pyt e
of the swi tghtelhlamayd denhnaacdy eleieiHs deddgs t Wo1Sedsd cos1espendhagohe t he
dual gate of the switch el enent ha.

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

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

15 the 1low voltage side. Meanwhile, the other which is

connected to the high voltage side is not charged and,

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

When the switch element 1la 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 lla, 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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The drive switch devices 103a and 103b are switched on 25and off in
response to a signal fromthe control unit 13. Further, each of the drive
switch devices 103a and 103b has a configuration where a switch unit and
an operation unit are isolated fromeach other. The drive switch devices
103a and 103b are not limted thereto and may have various configurations
as will be described hereinafter. 5Wth this configuration, since the first
power source unit 14 is connected via the diodes 10la and 101b to the one
respective ends of the condensers 102a and 102b whose the other respective
ends are ceneeehed1ta e, peweorddime;lys e ealtyclpyibrmesour Lka | se¢oneed by
the condensers 102a and 10 102b on the basis of a potential of the power

| i ne. Mor ecepeeictiival.l ypnaecttheeswitichwiedgrfardm lalahikgrong s agendudei v, t he
power line via fomer source units in the load control device 13 to a | ow
vol tage si de WPL1E3EE pBREPSFI i haY §ESome aftetthel E3ndETOBISS 1895 RS 102b
which is connected to, 15 the | ow voltage.side. Manwhile he_ ot he i ch
is connect@@%i HE Hifgh 6t E eg%?%%ngsﬁﬁgtcfﬁhﬁﬁgﬁﬁﬁ1,O%é%dEH?%g%y%g
charging t f_t e IS .Alt e y eat.ed y. ergycl e
of pover 1 PEdems = Vg R AR s R e L DA Y e B
20 transi st@iv&l r yGLHFR igesdLhedsan, agdvaldxagerbased o & ip@itht power
connected to the power |ine needs to be applied to the gate of the switch
el enent ha.sddree sped fliacal |y, when a signal fromthe control unit 13
connects either the drive switch device 103a or 103b to the gate of the

switch el enent 2521&hea Rusiasiye Sikedaent. t Réneer thepshdivily ebheehsetOon
the 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 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 is outputted from a light-emitting unit and inputted
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basis of the power line is applied to the gate of the switch elenent ha
and, accordingly, the switch el enent ha becones conductive. Once the switch
el enent ha beconmes conductive, a voltage across the switch el enment ha
beconmes extrenmely small and the switch el enent ha can remain conductive
even 5 only by a voltage applied via diodes 10la and 101b and the drive
switch devices 103a and 103b fromthe first power source unit 14. I n
t he present enbodi nent, since the drive circuit 10 is connected to the
first power source unit 14, it is 10 possible to effectively supply a
power for &9 ve?d TheéiEHdeiRE s iPa aw@id02biBer veheo t@ﬁﬁ@réﬂﬁpgatlon
establish a patentjal of the gate e] ectrode when the, switch elenent ha is

swit ched fSEMGERETAY a1 Htor B AHFYE - may HETRTAIRGRY I sFBE ahdaht-

ity. Al thaugh ‘ lied from. 15 tput_termnal of th
first power SSOiCEbnteoFa REEHE Ur CPERITCNS 789 nt hE Br6061 mifE -LFown

g, Can | GRS e i e of ey FRPst patorb Sy SETRE IEE 334 B,

show &g spefgajgec SHonfHOwatd oD exaphe 120 of the drive switch devices 103a
and 103b of the drive circuit 10 of the second exanple. Each of the drive

switch devices 183acandht03bhi gl @yt eimgpliaitnsiat tiod segheorddeti@ing
switch elenent, e.g., a photocoupler, a photorelay or the |ike. Wen the
drive signainits inptheedi25f¢ oamtitehcoddvite uare lSldoctheallly vesolaeeit
10, an optical signal is outputted froma light-emtting unit and inputted
from each other, the drive signal is not inputted to the
gate of the switch element 1lla 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 1lla 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 seriesg. Accordingly,
an amount of the current flowing through the drive circuit
10 can be reduced by 1/2 and, as a vresult, 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. In the present

modified example, the 1light-emitting units of the drive
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to alight-receiving unit in the opto-insulation sem conductor swtch
el ement. Accordingly, the light-receiving unit becones conductive and a
current (drive signal) flows fromthe first power source unit 14 to the
5gate of the switch elenment |1 a. Since the light-emtting unit and
the light-receiving unit in the drive switch device are electrically
i solated fromeach other, the drive signal is not inputted to the gate of
the switch element ha unless a light is outputted 10 fromthe
light-emtting unit. Therefore, it i.s possible tpo easi and definitely
switch on ﬁW&%SPf fREIEFPvelnpt cAldev 8%@’loéﬁcﬁndeT@g%Y&Bﬂne%?edoPBOfhe
gate el ectrode.of .the switch elinent ha whi.l e keepifgmglgctrical isolaéion
1

thgreof, bABEGLEHPRe dri TR SPHRATFT om £Ha F€8nt r of TURTEC13. 159 °Fi gs. ©13
e ! oo . ron 1 gs
and 14 pr ef)?x%}té:%oﬂgﬁ'fe@ ed, eé??p%ﬁoq:e aé} | §-drinye §lifgui t 10 %@?M&c‘t’% Flgg. 11

and 12. In nmodi i éd ex e, t rght-enm ffing units of the drive

switch devisees «103argpdnd03b, 63681 88PL OV d\h any@Pt AolaRsUbaki Ofonnected
sem conductor switch elenent, e.g., a photocoupler, a 20 photorelay or the

like, mare goarpeenedal Npeeires1ifecordirdghy, aB agpUBhseb tbe cuheengate
flowi ng through the drive circuit 10 can be reduced by 1/2 and, as a
resul t, thelpawsodeonsuipti cornedtierdrpeenti cduithd 0Ogesar el aadumed. oFi gs.
15 and 16 show anot her nodified exanple of the 25drive circuit 10 shown in
Figs. 11 amdhelZwilteht led emesderitlansdid itde et eswiheh | dghicesi 10BAgandits
of the drive sw tch devices 103a and 103b, each enpl oying_an , ,

opt oi nsul atliodk s EHHkickIr &Ui FBR epefaAluragign of pHEt odBlipE eF1rault
photorelay or the |ike, are connected in series. FUL heré o S?nsers 04a
and 104b ard SHMECEEY B I5et wele PR ploive rCPF RSt ¥ @4%5 e\ bg R URYihe

gate el ectr a_connection point of the gate electrode of the switch
elenéH% haagﬁgxfﬁgmﬁfﬁﬁﬁ switch devices 103a and 103b. In addition to the
configuration ofyiBg @hi¥e Bl diratdot)OWLddt RS cddadiifed? 169008R8er S
104a and 104b may be
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 1lla can be prevented from being sharply
turned on or off. As a result, since noise generated due to
switching on or off of the switch element l1lla can be reduced,
a noise filtef 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 1large 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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10added t hereto. Wth this configuration, since the condensers 104a
and 104b are provided, a sharp change of a voltage applied to the gate

el ectrode of the switch elenent 1la can be alleviated by the condensers
104a and 104b when the drive 15 switch devices 103a and 103b are sw tched
on or off, and the switch el enent ha can be prevented from being sharply
turned on or off. As a result, since noise generated due to switching on or
off of the switch element ha can be reduced, a noise filter can be nade
smal ler or omtted. That is, as 20 conpared to the conventional exanples
shown in Fil§s CAFearidiafs, the cBPESEr fadreensiaic kidaanrrIensRr seat Fheghcan

be omtted se that the noise filter includes a coil, the coi
becomnes IaF&§r§s¥fri&%ﬁ EGPFEAETAPRE [ Bad-RonflaR ?ngRQXQT%QOHEQ Fatge
.and, accor%_ the | oad c%ntrol gEVICE an_be made. smal | g
possi bl e t| ng* T hECBBATE S |5 588 1572t 1 h& n o™ F 1% r ©F rt?del‘aa

condenser cabhauotdfiece 12 heps-Lasky HiONSoAR-hbELsige he Load

control device as conpared t e coil edance of oad con ro

devicesis Lower adhdy1the copgenseradyidd okf st soweWbgN t A 4ls0ads captr ol

device is not powered. This is not preferable in the off state of the | oad
control depregchetadsein ctiserdfd | ewdmte aoEhethondenser ceverdln theiekf

state, which may result in malfunction of the |load. Therefore, it is
preferred becaniste a condenser flawst heiaoiche Id¥nddreserd remehhan ogee codtr ol
device in the two-wire | oad control device, if possible.
state, which may result in malfunction of the load.
Therefore, it is preferred to omit a condenser for the noise
10 filter from the load control device in the two-wire load

control device, if possible.

(Third Example)

Next, a 1load 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 1is 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 ﬁhird 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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(Third Exanpl e) Next, a | oad control device 1B including a drive
circuit 10 in accordance with a third exanple in the first 15 enbodi nent of
the present invention will be described with reference to Figs. 17 and 18.
Fig. 17 is a circuit diagramof the | oad control device 1B including a
drive circuit 10 in accordance with a third exanple and Fig. 18 is an

enl arged diagram of the drive circuit 10 shown in Fig. 17. 20ln the third
exanple, the drive circuit 10 includes a transformer (el ectronmagnetic
coupl ed device) 103 for transferring an electric power by el ectromagnetic

coupling, e&d. the hbghiiigesencywd Nswaldon:ihr anshor rer @6u%!ﬂ@d| i€ the
rectifying circuits 104a and 104b, an oscillator 105, and 25the |like. A

pri mary coidorid3sl ofintthelsr anshenmar dkA¥d ssiemil efrort othbecoseirblaian t105
which in turn is coupled to the control unit 13. Wen a drive signal from

the controllniie 13wuttisthutbedhe pReiddeaitirattds 105het hesosklétat on 0505

perfornms an oscillation while the drive_signal is applied 5 thereto,
t her eby gemFERITE aARACSG i @RiohERiLRe LA@ CEFIent Semerlat b8 BppLhed

|1 at 05 flo hr ough t he mary co 03a of the transfornmer _ 103,
gsghrren?rcéhsedxb$sghefﬁ§% e%e%?g%%?Bﬁ%t?Qg or TR FF Bk inwgﬁgoﬂﬂﬁ?y ALoil s

103b and 1Q3grrehire ?Hhé%ﬁ&e&l QW nghé”&s*@lsl.%}da{d%;:@'llo% 10, 103 'Eﬂgl()?’c

of the transfornmer 103 is an alternative current iS rec
the rectifpmgnaty cobis 104a ard ditbtapdsiFapubied og thecgatenel %ﬁhrseae Of

the switch el ement ha of the main opening/closing unit 11. Further, the

rectifying ky rani tedugsd ailectOtimatriecre 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 1lla so

that a positive potential 1is applied on the basis of

connection points at which the power source and the load 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 1lla 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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15 connected to the gate electrode of the switch element ha so that a
positive potential is applied on the basis of connection points at which

t he power source and the | oad are respectively connected to the power |ine.
Herein, since the primary coil 103a and the secondary coils 103b and 103c
of 20 the transfornmer 103 are electrically insulated fromeach other, the
drive signal is not inputted to the gate electrode of the switch el enent ha
as long as a current does not flowinto the primary coil 103a of the
transforner 103. That is, an electric power electrically insulated from
25control diettiddewbitclihis sthiifticer entemeh@mitize drive signal outputted from
the control unit 13, is supplied to the gate electrode of the switch

el enent ha. In khet Wixridre veicicudti t101006f thise present examplle, tidee
oscillator 105_is triggered by the drive si%?al outputted fromthe control
unit 13 an@sS§éRdpaeEs P ACSelectIIT FbwRY. ths AdESY i Fdigpalpyoutputted

appropriately settin n _qscil.lating frequency and a i tude of an
oscillati ng%’f"gﬁiﬁe S%Dt%ﬁéﬁoél@ﬁtl aﬁ?’o%rﬁ)@%rﬁ;“rﬁﬁﬁeﬁe %%fgr Tt RUFH of
t he prd mar [ angd. th ﬂﬂ@g{ il nd_,103c - :
transf%rne%c%% ?lﬁﬁg?é caﬁybeqa%ﬁgrateJ*E es?%%%ggFgct?%C %%??éééﬁl?% t he
secondary ¢Qida%ehR3b And d093emph itheet Ignd@r 8BE1103c ihbexalprne, &vethe
t hough the gate of the switch el ement ha of the nmain opening/closing unit
11 is a cubceritldatpe SMiE,chard eplpt nuedpeirr ic) @otlr cenh vl usheofpaimery ai n
| evel or nore, it can be driven stably. Furthernore, 15 it is needless to
say that acedilvel@Bact @ingd poher ssfcaRscFPEaforlads p&dsubpt ¢ e@If rioae any
one of power source units of the |load control device. @lterna iV

t

al t hough nStE3QFE™MRET et i FRRRG 58T dif | 9arette o (A9 c?f%%ﬁB?C105
o Bk Bt el RReR) DR 0l VT S Ol
transformer 103. Therefore, even though the gate of the
switch element 1la 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 is 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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Next, a | oad control device 1B in accordance with a nodified exanple of the
first enbodi ment of the present invention will be described with reference
to Fig. 19. The 25l oad control device described above has a circuit
configuration where, when the drive signal is applied to the swtch

el ement ha of the main opening/closing unit 11, a current does not flowin
di odes of the rectifying circuit 12. Thus, the swtch el enent ha needs to
be of a voltage type in which the gate (gate termnal) of the switch

el ement ha does not require a current having a certain |level or nore val ue.
In the presgit-dpdifdfehexanpl &r eyl whavghoddie: sy dchsehemant ¢l 1 of ot he
mai n openi ng/closing unit 11 is a current-type switch elenent requiring a
current hawdulgemtceides mdtevidlowrimualiedest uef the caacbeigimdl yideuven1210As
shown in Fig. 19, in the |oad control device 13 in accordance with the
nodi fi ed exXawms . e, thy/ nehiockwelenedevildes s abd b0l fare okt etlype

bet ween an AC power line of the rectifying_circuit 12 and a negative out put
side of théT stidRithe cIrehi (Iabesbryigadd &L dhe e @t ehemert child. 15
The sygchr -smﬁtghtdeviceselépq:qgg 1205 turn on in g%nchéono s to an
operat?on SFHaKiRy ThEAE’N Sopeht hgtel 887 AFSurft t CT1 e BseF Vet ¢ figre
synchro- swiighdevi ggs cdzba,apde 420 af:€ fmde Labe e N &rosed 1 3hafsSthi
synchronous to the operation of naking the main 2 openi ng/ cl osi'ng unit 11
closed, a patitdis edmdtd shesd &hr eHghmehnC bpewiretc iidawy furpre the {&rat
power source unit 14 into the gate of the switch elenent ha of the main
openi ng/ cl asimenimittypkl. switch eleriéer efrecpiireven thoughrdine gatveingf &he
switch el ement 251l1a is a dual gate device requiring a current having a
certain | eFET G o 8AalQfe, MKe ¢ Usd sttattagn des verpbly 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 méin

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 ﬁhough the gate of the switch element

25 lla 1is a dual gate device requiring a current having a

certain 1level or more value, it can be stably driven.
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Further, other configurations or basic operation is the sane as the first
enbodi nent, and the configuration of the drive circuit 10 enpl oyed herein
is also not limted particularly, but may be configurations shown in the
above nentioned 5exanpl es. Next, another nodified exanple of the

| oad control device in accordance with the first enbodi mrent of the present
invention wll be described with reference to Figs. 20 and 21. Fig.
20 is a circuit diagramof a |oad control 10device 1C in accordance with
the nodified exanple, and Fig. 21 is a tinme chart illustrating signal
wavef or s dlunthernadtdiey manklduratieondaelr cons ol opevationCisThael sane
control device 1C further includes a zero cross detector 23 provided in the
third powelSsddtcef HinFt SBPBPEPART ng2RFi Ite IPRHEWFHd s poweheddraNg a

third pul se .outpyt unit (dri i ssj on_signal output ynit) 24, i

addi i on & & 0h8 orit] (AT QAT | bAce LoHt ROF HLDT ceS 1PSRERA ARy, 3
Furt her, tajled ganfj i the drive circyit 1 b f
those 111 utiar 880 notnc Shb0S RRREPBRoc S0 ari] exte  A0oVEy, BErERndn ©

cross detechoi A3 detects a zero cross point of a voltage, the third pul se
output unit 24 outputs a third pul se signal (drive permssion signal) for a

third predeterm gedtrperagskigdrt By AsShewdnpleFl 88 Zhe t QN Eéntrol
25predet erm ned period of time corresponds to a period of tine slightly
shorter tharwdal fircy el ceidamcdeowsii tsounceR CY¥dhet embodiment of the
present invention will be described with reference to Figs.

20 and 21. Fig. 20 1is a circuit diagram of a load control

10 device 1C in accordance with the modified example, and Fig.

.21 is 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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The drive signal is inputted to the gate electrode of the switch el enent ha
of the main opening/closing unit 11 so that the switch elenent ha is cl osed
only during a period of time for which the first pulse (nain

openi ng/closing unit 5driving signal) and the third pul se (drive perm ssion

signal) are all generated. In the two-wire | oad control devices, in
case when a |l oad connected thereto is small, a tine taken in charging the
condenser 25 becones longer. In case where the load is 10 small, if it is

configured to start to drive the main opening/closing unit 11 after the

buf fer condersedrive cofgheleliy chap@eted ntbhaHd rgatpowectrdre d4 6Be
described with reference to Fig. 4, the drive signal to the main

openi ng/ cl esiinghueleddniraylbe cdfppthed revien @f¢mingasioaigndy uni® alusoent
zero cross point. In this state, when the main opening/closing unit 11
becomes op&Hed 4t t felelxi plamgnspddiangi <l 9spagdurnlyl Auweiduhes BPbied, a
| oad current_ servi as.a nmain current flows through the auyxiliar .

openi ng! ¢l 8% g T e eI doreat PelRR: UB6oR SPERLBS/ 56080 Hodt

st abl e- operat.i ; har_gj ng .i;S. pe e al cLe. t he
pomerQ%ourgg%bygﬁﬂhgégﬁgggriS%gpaﬁgé%. Eﬁﬂ{geqﬂgg%%erygggﬁge %ﬁ%%ﬁ%gégk

control deyieezhG WSes a1cidiridLn of the voltage zero cross signal and
t he 25charging conpletion signal, the main opening/closing unit 11 can be

controll ed such rhathiet sMddwinod beadr iceentfodr dehbddés, cyal eaye nMitien ok t he
power source cycle based on the voltage zero cross signal. Therefore, an
oper at i on dfoaghsteipgceporberssar ces esmpylhaldf tyme e tekarhelporbrrgdugce

cycl e can be stabhy execut ed regardl ess of a capacity of the |oad _
the condenser 25 becOmes longer. In cas€ where the load 1is

10 small, if it 1is ‘configured to start to drive the main
opening/closing unit 11 after the buffer condenser 1is
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 wunit 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 load 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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5connected to the [ oad control device 1C Next, a | oad control
device 1D, still another nodified exanple of the | oad control device in
accordance with the first enbodi nent of the present invention will be
described with reference to Figs. 22 to 24. Fig. 22 is a circuit 10
diagramillustrating a configuration of the |load control device 1D in
accordance with the still another nodified exanple, Fig. 23 is an enl arged
di agram of the drive circuit 10 shown in Fig. 22, and Fig. 24 is a tine
chart illustrating signal waveforns of various units in_the |oad 15control
devi ce 1D. cycle oI fogke Afpddicc ARV IR AT 19 BReed daRcelai YRLEAgS
still another nodified exanple, the drive circuit 10 driving the main
openi ng/ cl 6§FRg Trt$S 15*PhHE udes %rei01§narﬁfﬂlfﬁtbl%nﬁgcteé’(f1{%ri%e
first power source unit 14 c have 20 hi mnth ndi.n e
Fespect | vePSStoRRtes: £t TR 10951 Gngbe "oie MY ape et bt E o Bver
i ne and se L t herdi_od 1

respective %; SQ%Qf¥|ve smnfﬁ% gggi%g%%%SSQSEnéplgé £%%§¥a3§% %%?Veéﬁad

connedci i on RRIHS @f thherd ades EHta @and £54Q4b and t he condensers 102a and
102b, and gate terninals of the switch elenent 1la of the main

openi ngl ci 0si g WL 13. 2 oE8SReOLL YA e T di Ve, § ol SeL £ oo 9P acand

105b may be self dg., a phot'o yrls riac.

Wien conpl g 9@1@ &@a{:ﬂbngldafd debaeted Rieihe vght%%o%d%tc%cwt%the
provi ded |n the third power source unit 16, the main opening/closing unit

11 is turnedrst embalivgad séat ehe AbreBestt iifRera isdrgnad 11 sbé npektedbed
turn the drive switch devices 105a and 105b connected to the gate el ectrode
of the sw multhel eaferenae ofta hEigai n 28pehdn@/4cl osFag.-um2 1% to pércuit
10 diagram illustrating a configuration of the load control
device 1D in accordance with the still another modified
example, Fig. 23 1is an enlarged diagram of the drive circuit
10 shown in Fig. 22, and Fig. 24 is 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 1lla of the main opening/closing unit 11,

-39-



10 conductive. Since the drive swtch 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 nade small| as conpared with the
15exanpl es descri bed above. In addition, the drive switch devices
105a and 105b can be nade non-conductive sinply by opening the
synchroswi tch devices 120a and 120b provided in the rectifying circuit 12.
Thus, it is possible to make the magni tude of 20 the drive electric power

needEd-'”_9@%?%@&1%%@y@'%%éﬂhff*%TEWﬂt@Heaéﬂgéﬁéoib@Q_@@d 1515 Ry - b N
the two-wire load confrol devices, it is an inportant issue how to secure
its stabil kzed-power-ofdur egpas o) | easy.g cantpebrof tdheilaad asd, photo
therefore, a small nagnitude of the drive electric power for 25the | oad
control devirdacnay be preferable for stable operation of the |load. (Second

Enbodi ment) - yned LOAR1COULKOL rdeKGE sk i agrardane e Lk a, second

enbodi ment of the present Invention w expl ai ne rence

Figs. 25 t@e28ctir012%tSvAad M enli tndi 38520 powehoWdg& anfd gus atfea of
the | oad control device 1E, Figs. 26 to 28 are tinme charts illustrating

si gnal wavehdhneopen ey ditss frag tenDf 1heikoadireem rioltdeyvi €oddd state.
Referring to Fig. 25, the load control device Eis serially connected

bet ween an2AC giowsert soeir ce2 2ignalaiboddpdtted ard tuwwl udes drimee nswitch
openi ng/closing unit 11 for controlling supply of power to the load 3, a
rectifyi ngdeiviegst 1052 ansbittd aannedd oo cone rotte ngledperedadotonheol

device 1E as a whole, a first power source unit 14 for,supplyin% a stable
pover to tR¥iEGh SHIeMARt P 9¥5§§Bbﬁﬂah%w%Pe%bﬁ$é%1051n9 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

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 1is 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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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 unit
17 for 20conducting a minute current to the |oad, and the |iKke. In
addition, the third power source unit 16 is further provided with a vol tage
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
250pening/closinésﬁﬁPﬂdlgmﬁﬁgl@e§§Wtch el ement 1la having a transistor

structure and the auxiliary opening/closing unit 17 has an auxiliar
switch el enent 15a%ﬁ&ﬁlﬁf%%¥$%wg§ éFesgﬁbder%?C?H?§ﬂ§?,“Fﬁ%ld%nﬁ?ﬁgnﬁnit

13 incl ud i t 20 jncl uding a CPU or.the Iik first pul se

out put uni PSR ORy piiEs & 6aTD HH I aHiA O (S R e Bt
tput ! arda thi rd Sput S

Char gi ng ORI of ol APf o condenger 28 T rom i he vl tHge el 4ePsr™ 15,

the figst piea RPEPWHoAMNJuld Q4 R ScRe F1684 PYhSE-T 05&pRduCt st he; gRi n
opening/closing unit 11 10 for a first predeterm ned period of tine. That

is, the firxdg pdl 28 rdisestnnen dhae tehal gl vgr £20Dh$t Eagnsilgnadvé Sotnpubted
fromthe voltage detector 18, and then descends after a | apse of the first
pr edet er m nedcipers gehwifs tofirechaNilerad homrterel cdeosiscaletect-or 23 detects a
zero cross point 15 of the load current, the third pul se output unit 21

outputs a third pursering ad hkid. ppedetendi nedapesdad-Of HefBcbo 1 Mk an
opened state of the main opening/closing unit 11. That is, the third pul se

ri ses when dehe 260 esmssc el asdtiwigersi gnaAcC i sowec esyetcé ronahlieaz&@badCBOSS
detector 23, and then 20goes down after a |l apse of the third predeterm ned
peri od0of 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 1load 3, an auxiliary opening/closing unit 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/closing unit 11 has a switch element 1la having a

transistor structure and the auxiliary opening/closing unit
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tinme. Further, the second pul se output unit 21 detects that the main
opening/closing unit 11 has becone non-conductive, and outputs a second
pul se to conduct the auxiliary 25opening/closing unit 17 for a second
predeterm ned period of time.That is, the second pul se rises when the main
openi ng/ cl osing unit 11 becones non-conductive, and then goes down after a
| apse of the second predeterm ned period of time. Wth the above
configuration, since a current flows 5 into the second power source unit
15 via the rectifying circuit 12 fromthe power source 2 even in an OFF
state of tHE Ia® eéantBilldérvceSVELEharleRerd] ekidi 8aydner 3 stRYY18LPHl i ed
to the load 3, a mnute current also flows into the | oad 3. However, the

current isSHIBlERRESed t BUETPEW | v CPBTE@Ln WhhE i3 dRSINGESr &ufRifn a

| oad | ti d i f t . unit 15

a0 T o and e o 1 b secondppoet Sou ekl 1
the third it_ 16 _is._| t 4 fl
nto the | USRS BB 8! BRI, MREVLRTR 20 RIS doendna) oY

of thesfir s, NOVWRIISAW G/ wnidy 14. As described above, the third power
source unit 16 is provided with the voltage detector (charging nonitoring

unit) 18 which depest srereasatitrageai HHdriRd tbapeéoioMhen el vohtiaget ing

detector 18 detects that the voltage inputted to the third power source

unit 16 reatimasyingr edetdrenined tdfr eshobdf fetr ogvbpdesisarpr edet érpmnedhe
detection signal to the control unit 13. Wien the control unit 13 receives

the detectivonsAgmatefedint hes vothagéideteprdisel utinutrakest t he eutputs

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

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

20 goes down after a lapse of the third predetermined peribd of

time.

Further, the second 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 is, the second pulse rises when the main
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250peni ng/cl osing unit 11 conductive (closed state) for the first
predeterm ned period of tine. Fig. 3 shows a configuration exanple
in which a first pulse output unit 19 is included in the control unit 183,
the first pulse output unit 19 being configured by using, e.g., a dedicated
IC, in hardware to directly output a first pulse 5 signal in response to
the detection signal fromthe voltage detector 18. Alternatively, wthout
being limted to such configuration, there may be a configuration in which
a main controller 29 i ncl udi ng e.f., a CPU, receives an .output of the

vol tage deCBERIRI{§1P5HG: pHE Enet i RACPII S e "ATGIFAFUT S0 Ssof ERAr e GRe
first predetermned pgfié)lc_j of -t e fé) @Qi ch tc%% mairne eeni n( /ecci osien? gnit
11 becones IE5KdFETTV et s pr%f éLragﬁly det “t'o HES f)ierl:fo of T sIPgﬁ ?y

shorter thag a;half cycle of a power frequency. Next, when the nain
opening/closing unit 11 starts to 15 becone non-conductive (open state)
after a | apse of_the first predetermned tinpe, the control unit 13FT§kes

the auxiliary op‘_@h’? g/t(ﬂepsiaL Svﬁnictoﬂﬂ%b‘f‘?cﬁf’c‘?l?‘ves(l@lc@seﬂ SHEEERY of “PHE
second; predgler m ped eecroerCg. ﬁ‘::w‘é' me (€8s (SRVET L hpndreds PréSE&’???%
Yy maki Rg the 2 g

This may be achi eved auxi I'rary openi'ng/ cl'osing uni
non- conductdive.shi alt | yrdit ehet BaRethedBide opeaiagd/ ¢hosndmidtdde of

Al ternatively, the second pul se signal nmay be outputted to the auxiliary

openi ng/ cl esieNdldld t cdhtwbiclidva deonger thhan dhwe &élestrpdl pewergnad not
outputted to the main opening/closing unit 11 by the 25second predeterm ned

period of tsuppli@chéonitde lidwel secondnimpuiseceiyeat abyo blows plntedthy

using a delgy Clroull clver® M Sulredt U98ipR:S0008" Y L2M1diC1ebat:

1o 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 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 sourée unit 16 is provided

with the wvoltage detector (charging 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 predetermined threshold, it

outputs a predetermined detection signal to the control unit

13. When the contrel 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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Wth the above operations, an electric power is supplied fromthe main
opening/closing unit 11 to the load 3 5 for nost of the tine of a half
cycle of a power source after the buffer condenser 25 is conpletely
charged. After that, an anount of conduction current is reduced and then
the electric power is supplied fromthe auxiliary 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, it becones a

non- conduction state at a time point (i.e., zero cross point) when a
current val ue berDfes3' BhowkurEt hesnf dherat hen agxahpaey iapetiirgl cd osingtuni t
17 becones a non-conduction 15 state, current starts to flow again into
the third powse sotipte wmit 16, iFhedraboviedpit dthensorteot epeiat etl3 evehg
hal f cycle of the power source. Fig. 26 shows signal waveforns of
vari ous paﬁﬂ§56fRﬂ%ﬁq(ﬁﬁFRRﬁﬂW%ﬁtdégléélPS|Q?Q§Hﬂ%£?q(ﬁﬁiu%hﬂgFlﬁsg 27

and 28 20depi_ct,.si gnal veforns of variou arts of the |oad.contr

devi ce | E Pndgdi ? %‘&%@Hépéﬂﬁ 4§ife @E%% %f%n Tt%%ﬁe?ogﬁgslnpghéase
where onl ygﬁ TPULNE t A5G dS Héeg é”d‘é‘& (el ;&I& Opea! H8 ;L gé' ng
unit 11 an presents S|gna wave ornE &l case ere the

pul se 25an@ettlaa@t61i rog pul serarfadsedlyWedn dHwud opdidgi 3 imiliegh t®aduch. e.

a large capacity load, as shown in Flg 26, the buffer condenser 25 is
char ged |nc@n§mqmrmnuun Adtaredimey ybe aht eorntfliguiadrigimngirc onpl @l | @nmaan

el ectric power is supplied fromthe main opening/closing unit 11 to the

| oad 3 for cepsergflethe@ @ imcbidinghechal § ey ERY ofradre Yrrnedn s@uFREt ©A t he

ot her hand, .since the fjirst predeterm ned i time set . to ke the
mai n openi rgfc (éi?ﬁ?%l ?t%ﬁg n% ¢ ohQuOHP qxﬁﬁﬁwﬁ%f%ﬁn? eb%&%ﬂ%QBQEro

(zer o g1 0SS pOAL, 1 tuyleS 41POSSLPLELDBNI Y BRI AP 0L 0BbPOHALR 11

rerra| ns con UC
th main opening/closing unit 11 becomes conductive 1is

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 1lapse 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 u 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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l0after the current passes by the zero cross. Meanwhi | e, when the
load 3 is alowload, i.e., a small capacity load, a load current is smal
and it takes nmuch longer tine to charge in conparison to the case when the
load 3 is a high |oad. Mre specifically, as shown in 15 Fig. 27, a tine
period fromwhen the zero cross detector 23 detects a zero cross till when
the voltage detector 18 detects a charging conpletion becones |onger, and,
accordingly, rising of the first pulse is delayed. Herein, the first
predeterm ned period of time is set to sane as in 20 the high | oad. For

t hat reasopulst thegnadi ngawf Heheolitpsittpd skbyi sustehquyed tledagyuchirthet
first pul se descends after the | oad current passes by the zero cross point.
Ther ef or e, infFluddngai & -Gpenienglicidesi iy agidernsey Lrwdme olikl only by using
the first pulse in the lowload, it becomes conductive 25after the | oad
current passes byithe tBRo 8PBY¥E pOPREAA®RSas &7t estHICEEHAr gPAYEBpet&ti on

cannot be st abl erfor every half. cvecle. . In this ard, .in the
pr esent enﬁggp%éﬁﬁ,%5?@;%$ﬁﬂm%ﬁﬁqqaﬁg%%#7%$%%ﬁpqF%P%%j%io%%nﬁﬁ%/%?%%igg

uni t Il remRingCRNACHNE ditnd IdB (£t O the{hisd i’ﬁ?@&‘é?r ghnedepgetod of
5 time by the third pulse outputted fromthe third pul se output unit 24.
Further, thkaet HuffqulSendésesr Wen ishecigyleilos citeteed or RBceet eras, a
zero cross and descends after a | apse of the third predeterm ned period of
time. The & raémpuedetas mcpedupérniond ofirtent iis setduoeble ahdr ttérerilOthan
the half cycle of the |oad current cycle. | nputted to the control
unit 13 ar &lEREFT st PAVSE outigut t e§UPPIAFChe FFFIP pul€¥ out pHEIHAREY 19

an the (Ll s oulaued {rop Lhe L nd pplse ouipld el o2 Tl
10 opening/closing unit 17 includes an auxiliary switch device

17a having a thyrister structure, it Dbecomes a non-
conduction state at a time point (i.e., 2zero cross point)

when a current value becomes 1‘0’. Further, when. the

auxiliary opening/closing unit 17 becomes a non-conduction

15 state, 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 various 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 locad control
device 1lE in a low 1load. 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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15 | ogi cal product of the first pulse and the third pul se and outputs a
result to the main opening/closing unit 11. Thus, the nmain opening/cl osing
unit 11 becones conductive only during the tine while both the first and
the third pulse rise, i.e., while the first predeterm ned period of tine
20overlaps with the third predeterm ned period of tine. As descri bed
above, the third pulse rises when the zero cross detector 23 detects a zero
cross point and descends after a | apse of the third predeterm ned period of
time that s shorter than the half cycle of the |oad current. 25Therefore,

even when &°@8ay2dcchI T n I nFRg -wheh: t HPEh&HiiRF cGRPPEREER of >t heS

buf f d 25 is_d ted,. i.e., the first t 1 ned i od of

Chire. st art SOR Focit 2 FIRIOL DI o ARKCHHEGHE 1 SHERFngFE cOme s 11
i t1 t i pt f .

o7 e coRticsLyacherond e Gerd ccoss PoLg! g M SN ol opency

thereby achewing @18kable \apar aii 0Aooknkha chargi Ag: HoBee owamoperadi ons

are perforned based on a”l oad current, even when the mai n opening/cl osing
unit I8l inelfudase tiel sweyeheebemte heolayi Bguactl andhstctle Sktheit rvghdl €,
the load 3 is not requested to have a power factor of 1. That is, a

two-w re | sachceorntheol fidesti gerede tetoitkdcpenidfl dlie tpmesealt deatvent ke s
adaptable to any of fluorescent |anps and glow | anps. Further, if the main
openi ng/ cl ¢siengmannt operimg Aaless mewiundh el &nsmnteonidurtEivel Shedaregat e
transistor structure, there can be achieved a scaling down as well as a

| ar ge capaGiuEyesft tPrePmRsl E6/Pr of 28K €80ss pointyt hifhd s obEPedntPbe
device 1E in accordance with the second enbodipent. of the presené .
invention,tWﬁén F 8 @Epgbggpenlng/c osing unit 11 remains conductive

10 after the current passes by the zero cross.

Meanwhile, when the load 3 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 1oad. More specifically, as shown in

15 Fig. 27, a time period from when the zero cross detector 23
detects a zero cross till when the voltage 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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20 detector 18 detects that the voltage inputted to the third power source
unit 16 becones a predeterm ned threshold, the control unit 13 nmakes the
mai n openi ng/ closing unit 11 conductive for the first predeterm ned period
of time. Accordingly, an electric power is supplied to the |load 3 25from
the main opening/closing unit 11 during nost of the time of half cycle of
t he power source cycle. Further, when the third predeterm ned
period of tinme el apses even while in the first predeterm ned period of
time, the control unit 13 makes the main opening/closing unit 11

non- conducEVEEY( BRdSedYSt'Stre). For exanple, even when the 5 first

o edetern ned perlogof LR TLS. Lhel 58, AHIEATRLN: oPenl ghslpi o

unit 11 becones Oad turrent crosses zero. us,

the main 0%%”%99%9L8§%”9P9@htt%£ %%H??toﬁgﬂ§hﬁ§cﬁ899H§tE%Etb%ﬁpnfeﬁgﬁnéero

cross of thé load current and, therefore; a charging 10can be definitely

perforned wohhipavhalfs cyehec0f the e POMBFaSPHEERtermined EANRL, ophen
the mai n opening/closing unit 11 becones non-conductive after a | apse of

the figst predetgyntesd perired ﬁﬁlbie”eoutﬁﬁt@é&i | a6y apeni ngfielospagseani t
17 15 becones conductive for the second predeterm ned period of tine. That
i's, when apugpatt riwciporedr. | SFsuppéred the t beirdag B fa omithe ndian the
openi ng/closing Unit 11 during nost of the tine of half cycle of the power
source cyclzerandcroen dedesheduc?d ofed@atentai ansdecsaaf| angh deeeenpds

power is 20supplied fromthe auxiliary opening/closing unit 17 to the | oad
3. after a lapse of the third Ppredetermined period of time.

The third predetermined period of time is set to be shorter
10 than 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 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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Si nce such operations are perfornmed based on a |oad current, even when the
mai N openi ng/closing unit 11 includes the switch elenent 1la having a
transi stor structure, the 25lo0ad 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 |anps and gl ow | anps.
Further, if the main opening/closing unit 11 includes a switch el enent
having a dual gate transistor structure, there can be achieved a scaling
down as wel | as a 5Ia e capacjty of the | oad rol device. (Third
Enbodi ment }-©- - theabigs cPJﬁPre&erH‘é\ﬂeéje m—“r‘?#é%}co’i"d%ﬁc%t%\ﬂ% Ptht?e

nbodi t . of th t t be d bed
Fig. 29. Fig i§e §r5§3§$+%%$¥etﬁ?%§i‘a LA G SPPRET A CBARE QUEATI ohof

the 10ad CoQtbqh JRdduErvd hBegB?xS C&@rggﬁe\@r%%sl st hee inchudes a

current de ector or detectin current oW ng | auxilrary

openi ng/ cl @giRg U'f'rfeqjaé«n d an OR circuit 25b operating in response to a
si gnal out putteg fromthe current detector 22, 15 wherein the OR circuit

25b i s5one addit hesakacagponent ehstigngik sbhng vde deFathicentyr obedevinedlF
fromthe | oad control device |E shown in Fig. 25. The OR circuit 25b is

provi ded atevaryouhplf terlienal tisebpf atheeAlidgcia cakab2ba dpetdtsigonefo
unit 13. 20The main service of the auxiliary opening/closing unit 17 is

basi cal | y tuhedethentging.erSinrossiqiviopepit Torsiraest penbernedcoadadt ©and,

accordingly, the auxiliary opening/closing unit 17 may include a snall

si zed swit diPadevFEETSRBwe\&FED | WhERS 65 h3R g f?%%ﬁiéﬁ%{/c%‘?s%ﬂﬁ A Fonet

includes the switch element 1lla having a transistor

10 structure, the load 3 1is 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. Furthér, 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 unit 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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25source is shifted, or a load control device is intended to be operated by
dual frequency, e.g., 50 Hz and 60 Hz, or the Ilike, the tine period from
when the main opening/closing unit 11 beconmes non-conductive to when the
zero cross point of the current is detected by the current detector 22
beconmes | onger such that the auxiliary opening/closing unit 517 may becone
conductive even before the load current is sufficiently reduced. Moreover,
in case of an overload, even though the auxiliary opening/closing unit 17
conducts for the_same period of tine, .,a._conduction |oss becones |arger and,
accordingly, thef$hFEeh dé’g‘iect}estk?%c':ﬁa«?ﬂ il??et%et%%}ﬁ iBFPg‘éerﬁfﬁg?H‘%Si ng
unit 17 may.be danmaged. . . Therefore, in t rese odj t,.
“anmount of %&FPEEP 60 ﬁ’éllilﬁ tlﬁleh:gjl?xiﬁlésr%/ %lbee%e?tnegﬂlr%%lﬁ néggh(iq{l rr§$ Fgﬁg’

detected b h t : .
etecte ¥h% gxﬁﬁ%&fp Y%%%egéo%é%ééﬂﬁ?emﬂggnt?@F%gﬁﬁkaaél S ¢ et

exceeds an all owabl e va e main openi ng g unit IT1 is nmade to

be conduct e gRighftahved &MEdedeELadedl tivBYy (Ex&mplé ourtRnpradet eenened
period of tine). Thereafter, when the nain openlng/c$03|ng unit 11 becones

non- canducteivet( QReRE HalrR)d pdiei dlIXbEi 8 eORRAIRE WUOSTIEe UDhte 17ths
made conductive again. 20More specifically, when the current detector 22
det ect s t hataian eweningoflcsingnunfitovi hgbenonhe awnti-Hderduaperd ngeEbosi ng
unit 17 exceeds an allowable value, it outputs a signal to the OR circuit
25b of the tédent r dbadni t ceBretpon €reebePng adrout put Sihgigal f oM t hB2AND

circuit 2525a or an output signal fromthe current detector 22, the OR
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 Eycle 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 1lla 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 1in accordance with the
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circuit 25b protects the auxiliary opening/closing unit 17 by making the
mai n openi ng/ cl osing unit 11 conductive for a short period of tinme. By
repeating a switch between the nmain opening/closing unit 11 and the
auxi | iary opening/closing unit 17 as such, danmaging the auxiliary 5

openi ng/closing unit 17 can be prevented, thereby inproving correspondences
to types of the power source and to the overl oad. Wth the | oad
control device 1F in accordance with the third enbodi nent, when the current
detector 22 detects that 10 an anmount of current flowing in the auxiliary
openi ng/ cl B¥PFENENIINVENhQivelds ARlaRICROUEDI % valve oft Helurgscent lamps
opening/closing unit_11 is nmade to be conductive first and then nade to be

non- conduc®P¢e IR ot ARG y, FRBFRE Ty hel lauktf i B Do R DS HFUnteL E 7

b ted f 15 beij d t he, il i ng/ cl osi it
17 can be bai PR 15 SVERET SR B TR G0 o ta R S B PELERET 1t he
| oad contral..devige caphe rga%e el Lol J4rd @%%iﬁfﬂﬁb&ﬁ%?%%ﬂ%%eg
correspondences to types of the power source and 16 the overToad. 20Tn

addi tion, theqrr el iichveH iteR My PedialdzethPy-yarious configurations
ot her than thé above described configurations. For exanple, the control

unit 13 nmay be conhigaredbb@igentsol an operation of the main
openi ng/ cl osing unit 11 based on a | ogical product of the 25first pulse
out putted from the lbatstcqaut 8@l odiepdiceuri¥ 18 vdetrordares gwvhighcenpteiran
signal of the buffer condenser 25
embodiment of the present invention will be described with
reference to Fig. 29. Fig. 29 1is a circuit diagram
10 illustrating a configuration of the load control device 1F.
The 1load 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 c¢ircuit 25b is one additional component
distinguishing the load control device 1F from the 1load
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 1s 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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is outputted fromthe voltage detector 18, and the third pul se outputted
fromthe third pul se output unit 24 when a zero cross detection signal of
the load current is outputted fromthe 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 zero cross detector 23 and
outputs the third pulse in software. (Fourth Enbodi nent) Next, a | oad
control device 1Gin accordance with a 10 fourth enbodi nent of the present
invention will be described with reference to Fig. 30. The basic

confi gur at iLdk<of ERR Itd@E chArief dadtewhenmayhayeiznyopeeing/ chesing
enbodi nents and their nodified exanples descri bed above. The | oad control
devi ce 1G Pﬁl§c€6r&ﬁﬂﬂ@%ﬁtPP?h%p%%u?BhV?thWﬁﬁﬁpnéﬁP|%$ﬁﬁxﬁF?%FcBﬂ%F5

lighti fixt t t ff b

Loy oot i OERR, | Bl ERnfPuts MR SHAE) S T, Ry P eRREn 033
trol d G

S0y GF BeEhakC T ed B .ﬁg%'o%%xt SO P A A 6188 Baplace

devi ces 1G nqwy rl:zg){cmfdoew edohQuEEEEL VR R ERRESEOMUHO! 1 §58N3N ;3% 1 0fLa

mani pul ati on swtch (not shown) distant fromthe control board and to be

turned ON angfQfdientQt hiredandd.t hevsrésveent rial | eas20 o5 eennectetobq,t he
mani pul ati on switch by 25wiring, and when the nain controller 20 recogni zes

its own addreesstisoipst pehed axillhiamendpentngf cdbsshgnani?2?7,17 t coutiputs a

control signal. Fig. 31 illustrates a configuration of |oad contro

devi ce 1G ifipractbedasare windriodroditf i bdmexanpl ewmfdudision loss becomes
larger and, accordingly, the switch devices included in the

10 auxiliary 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.

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. TUpon 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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5 fourth enbodinment. In the nodified exanple, the main controller 20 is

al so connected to a fourth power source unit 26 including a rectifying
circuit, which rectifies an electric power obtained fromthe renote control
signal 27 to secure power source of the main controller 20 (or control 10
unit 13). As described above, in the two-wire | oad control device, even in
an OFF state of the |load control device, the second power source unit 15 is
provi ded to secure power source of the main controller 20 and thus a m nute
current always flows into the load 3. Wth the present nodified 15
exanpl e, h&WeWsKinhdhpvirincppering/ cheskainuasdht Adl T tive eEF e
separately and the second power source unit 15 can be omtted. Accordingly,
there i s n&POHT PRT$PIWCEg FHED: t héY oBEPS2Finghe CRelkeht dadwasie Fbad

control device 1G thereb reventing degradation or, malfunction of .the
20l oad 3. (Fi'fth éﬂ%%%+%%%&§551n9 %@%ﬁ, a toad 88ﬂtroﬂj§?steﬁP§b£Fﬂry

accor dance e} iy ldd R Fort o Of L DERES B LANSL | QRN L e, oy

descri bed. agram show ng a configuration o

Tmvent’ on. KT oad contrals ayetem B0of Fhe T TIR ebodient) | eaPhage”

plurality eorreapiediels deviogsed ard erst Aldmgsbhecaunded b | end
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 be 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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5control unit 31 Each | oad a master control unit 31 for renotely
plurality of |oad control devices 1. The control devices 1 connected to the
master may be properly set. control device 1 may be connected to the

master control unit 31 either by using a wire or by wireless. Each | oad
control device 1 receives a control signal transmtted fromthe master
control unit 31 and controls a 10 |oad 3 connected to the | oad control
device 1 based on the control signal. The master control unit 31 transmts
the control signal to a main controller 20 of each |oad control device 1.
The controliSsi gRBPUEFaRs A dE P o i@Irast@FCEBAET ot unPRA3 e FBdES an

address signal correspondjng t f th d trol devi 1

Bch 1 oad S| OGRS EHBn ERge Gt B L POEPUE QML T 74 vOTHG P s

own address skgnal control.s. the Joaq13 eéggnfégg Eo t he contro#ﬁﬁkgggl
e

.Zey rgss detectiopn sigrl urrent, 1s _ou
Al t hough Fig. NS H et ot 5t 2bi €8 1138k exanpl e of oad

cont rol, 20 dieyl cgneonpest ed 4. therpmster jqont raly il Slncubt b gl g

limted thereto, e Toad control device may be any one o oad

controb devigsi ghiFd4ta cH- tg§atdecsf§éirp&fhb@&@woﬂléfhgbwpﬁeluamnappéo riage
conbi nati on of configurations of these |oad control devices 1H to IL may be
25connect eccHn bhe twst arikegnt retetiet 3dhe output of the zero cross

detector 23 and outputs the third pulse in software.

(Fourth Embodiment)
Next, a load control device 1G in accordance with a
10 fourth embodiment of the present invention will be described
with reference to Fig. 30. The basic configuration of the
load control device 1G may have any one of the embodiments
and their modified examples described above.

The load control device 1G i1in accordance with -the

15 fourth embodiment is used to control lighting fixtures in
non-housing districts, e.g., office buildings, commercial
facilities or the 1like. 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 1lighting
20 fixtures. Herein, the load control device 1G may be
configured to receive a lremote 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 its own
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(First Exanple) Fig. 33 is a circuit diagramshow ng a
configuration of a |oad control device 1H in accordance with a first
exanple used in the | oad control system 30, Figs. 34A and 34B illustrate
waveforms of driving signals of the main 5opening/closing unit and a | oad
current of the load control device 1Hin a power factor=1 of the |oad and a
power factortl of the | oad, respectively. Referring to Fig. 33, the
| oad control device 11-i is serially connected between an AC power source 2
and a load 3, 10 and includes a main opening/closing unit 11 for

control | i ngdsiteplsy eliparpewed t ont hehé oaterota resdtfyl Ngikidaqui 2712, id
control unit 13 for controlling the |load control device 11-1 as a whole, a
first poweousgutee aumicntidlf rigsgipl yi ng a stabl e power source to the

control unit 13, pagthind POYEL ., 1P SOU COUM;] %_qu]:%ltfi SUpPlYNg égn’éﬁc?ﬁ”i ¢

power to the flrst power source unit 14 when d 3°rs power e

| ndependenigeRQwWRy $QUI L8 Widorfadr SHRM YhNIneA: £k egt ré;eam@r dio the
first power source unit 14 when the load 3 is not powered, a receiving unit

16a fos reqeiudtly @mp@dim@nt 20 signather ansaikied feqamphe, msher &@akr ol
unit 31, an auxiliary opening/closing unit 17 for conductlng a mnute
current of domerdadd@rmcuzfents also cdiurddisrd the 4 hifpdrpbwarovsaur seuuriet 16
is provided with a voltage detector 18 for detecting a voltage inputted

25t her et 0. UHi& @6 ninpénfagdcleostregt Ufying 1cimchddes whiswi tedctifies an

electric power obtained from the remote control signal 27 to
secure power source of the main controller 20 (or control
10 unit 13). As described above, in the two-wire load control
device, even in an OFF state of the load control device, the
second power source unit 15 1is provided to secure power
source of the main controller 20 and thus a minute current
always flows 1into 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 1in 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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el ement ha having a transistor structure and the auxiliary opening/closing
unit 17 enploys a switch device 17a having thyrister structure. The
master control unit 31 nornmally keeps transmitting a control signal (pulse
signal) to renotely control one of 5 the |load control devices 1H Wen the
receiving unit 16a receives the control signal, it sends the control signal
to the i ndependent power source unit 26. The independent power source unit
26 rectifies a pulse current of which the control signal is nade and
supplies the electric power to 10 the first power source unit 14 (i.e.,
the mai n cddfral | emb2@imeSitncendiaidemnt rol slgmlity abfvaysosd@i ngontrol
transmtted regardl ess of whether the | oad operates or not, the electric
power is sdgplices td tRaOF i Bt PAWET sowPRer@hi tunit f rdm t Feri ndepehdeélit
power source unit _26 even when the load 3_is not 15 powered. That is, the

i ndependenCopsHel 1daG cENanPL IS8 Ldt¥pl P s 1ORE FRUTIL PEWeFefo the FPPst
Lt 14 i i C
poverSour el 18 pggpengentLy WAN e AC sme Sabrcs 2 conecalsd o

i'S" power ed, an 1 npedance of ird

20 power sSQuEee Nkt 116 315 fIRAed Qand- B, cag ent starts to flowinto the
| oad control gééﬁce fH, t her eby c%ﬁﬁgindﬁé buffer condenser 25 of the first

power source unitadyd. Asadlesentbed abovicethe hdyr hepoverineotede i théb is
provided with the voltage detector (charging nonitoring unit) 18 25which
detects a welsttage dommndledirtiterst ceitlen bheusbhy agewihet eet obyl8itdelegss
that the voltage inputted to the third _ ,
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
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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power source unit 16 reaches a predeterm ned threshold, it outputs a
predeterm ned detection signal. Wen the control unit 13 receives the
detection signal fromthe voltage detector 18, it outputs a first pulse
signal (main 5 opening/closing unit drive signal) for making the main
openi ng/ cl osing unit 11 conductive to the drive circuit 10 so that the main
openi ng/closing unit 11 becones conductive (closed state) for a first
predeterm ned period of time. Fig. 33 shows a configuration exanple in
which a first 10 pul se output unit 19 (i.e., main opening/closing unit
drive signal outBug.usidt)ig sai wdreged i diadearoshpwlingnia dSnfidverdticn
pul se output unit 19 being configured by using, e.g., a dedicated IC in
har dwar e t @fdi Rect?3A oGO hedeVise pli sdnsi gpaprdancesporge ©o fhest
detection signal. fromthe 15 voltage detector 18. Alternatively, w thout

bei ng i ni EEFMRISuttEConfti Jittattord FRBFECHREIRESR cdhfi §EFStT oiftd ndtda
in -controller.20 i di .d. recej tput of the,

T 1 oo ol o120 DSl By 2 Pl Cogelvenam QUL oF Lhese,

predeter m n %5??{\53 o(yintgr 8,20 10§ &’“ELBEdt Re TR %%f@ﬂ‘eg/ fézi?

i upj 11
becones con? i's preferably set to be a period time s ?gﬁg?ngi

shorter tharadal iucyche Of ppwer FE8EULLEY.of the Nox§, henat hgopai-n
openi ng/ cl osing unit 11 star?s to beconme non-conductive (open state) after

a lapse of fhe A5First predebeam pedptipeyefpe control unit 13 nakes the
auxi | iary opening/closing unit 17 conductive (closed state) for a second

predet er mi ned peReddroingi e (Big., 3evetiad hovadr etdntirskecdaatsire TH sisay
be achi eved by maki ng the auxiliary opening/closing unit 17 non-conductive
slightly | stesrialign adnneriiad diierjl ADAQPeWRT dquresi . asd &l lasdrates
a configuration in which a second
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 16a 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 1lla having a transistor structure and the auxiliary
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pul se output unit 21 is provided as a portion of the control unit 13 to
out put a second pul se signal having a duration of a second predeterm ned
period of tinme so that the auxiliary opening/closing unit 17 becones
conductive for the second 10 predeterm ned period of tine after detecting
that the mai n opening/closing unit 11 has becanme a non-conduction state
(open state). Alternatively, the second pul se signal may be
outputted to the auxiliary opening/closing unit 17, wherein 15 the second
pul se signal is longer than the first pul se signal outputted to the main
opening/cl@QQﬁ@n@HFtOf}q%/%W%FS%EoﬁHPﬁP¥8eﬁbr%Vh%ﬂhpgﬁwd&gﬁlﬁqrﬁﬁVlng'

O herwi se, .the second le e signal may be outputted by using a del ay
circuit i nGWFYEETe 5§ uéiqﬁeode, a condenser or the like. 20Meanwhil e,

signal wavef o .0l yaLLOWS BALLS i 0-te hoal a1l i ce-dazaeeprdgnoe

wi th the present “enbodi nent are same as the ones Shown

her ef , L RL 4 ' ] | | gad
Lo ore P P SESET L Tl eIl o, Conaput e 98 o

control devi 1 used Tn system 30 I h accordance with the
fifth enbodieni 9 Retrdieseatitayenti ongMéhl the expltaivedy krg.t 3Dehs a
circuit diagramshowi ng a configuration of a |oad control device 11 in
accor dance rneddi vee sS edondcexanpl esi¢gnaadditi sentie tdree comitgplr atigmabf tohe

| oad control device 1H shown in Fig. 33, 5 the load control device 11

furt her i ndhedesndepandesrit parectprue furniteRect i Hoe aivdependent oRPHETI n
the auxiliary opening/closing unit 17. The other configurations are the
sane as t hedwme coltitol 26evieetifiand deRHigR | s dRsteotni FRhiBE offEt ed.

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 i1s 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 is, 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 is 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
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10As nentioned above, the auxiliary opening/closing unit 17 basically
serves to detect a zero cross point of a current, and conducting is not its
mai n 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 | oad
control device is operated by dual frequency, e.g., 50 Hz and 60 Hz, or the
like, the tine period fromthe tine when the main opening/closing unit 11
becones non-conductive till the tinme when the zero cross 20 point of the

current ispdaleactashdye t iaicunentedigiact ar p22deecamnddongeresisid heit

auxi liary opening/closing unit 17 nmay becone conductive even before the

| oad curremtutipsitsufd | predetgrmeded edetbbteonersignalcasaiian arheveohoad]l

even though the auxiliary opening/closing unit 17 conducts 25for the sane

period of tindd, a3cohEOEiVeR |oks piirsionr gerdnmd, faeior 8hagl yolthae

switch devices of the auxiliary opening/cl sing unit 17 may be daqa ed.
"Atthe

Ther ef or e, G5F9Fr ek®nt &hbod tS arf ambuht tof PSFentS ¥R ng
e - © At g 5o
auxiiiary ?ﬁ%@%ﬁ%{{%ﬁ%ﬂ%u%ﬁt g Jget %Etg?ﬂlgy ehe CHE&‘EE&& %bﬁgt ﬁéllﬁ

and, en current éxceeds-an al | owabl e "va

openi ng/ cl @Y i¢f)idi obk rRECERBS €Nt Td e 1A8A1 fof ehea BNQIL PEFEQP: O ot i ME
(e.qg., fourth predeterm ned period of tine). Thereafter, when the main
openi ng/ cl a8 nghai thd ImheaoBspeniag/eanduel Yaitopenesk Sémé €) cohlictive
auxiliary opening/closing unit 17 is 10made conductive again. By repeating
a switch betalased vdates n operd ngind ogrefemsrminedrioeried aoiki timey
opening/closing unit 17 as such, damagi ng the auxiliary, opening/clasin

unit 17 can be pFédentéd SHOWEr by I HHBF AT LoreEaPotiehe eéni Rt Fpésrst t he

pomerlgour%giﬁﬂg é&%é&? 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
pulsé 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 wunit 11 becomes
conductive is 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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15 overload. Fig. 36 illustrates waveforns in operation of the |oad control
device 11 in accordance with the second exanple. (Third Exanple) - A

| oad control device 1J used in the |oad control system 30 in accordance
with the fifth enbodi ment of the 20 present invention will be expl ai ned.
Fig. 37 is a circuit diagramshow ng a configuration of a |oad control
device 1J in accordance with a third exanple. The |load control device 1J is
different fromthe |oad control device 11 shown in Fig. 35, in that a
bidirectional controllable lateral transistor_25device is used as a switch
el enent hafPH tdheseaPRIopRAEMILTBLINAYG WRY1AA fAd tHES ot(fed -confPYBFALI on
is same. Although the other configuration is sane . as that of the | oad
control deRHBETeds| (il age6PAdfite WiihSt MP%ebSnd2eRbRPPE iBY FMgK1E the

other confiquration is not limted thereto I fi - al | i
accor dancea%?(tlﬁltaﬁg f??%?lggﬁglrr%%ngho%lltnﬁg%éés%gl%fgqghg\%gaghkw "
schemati c t 0 h Ldi La ; I | ateral t i st

devi ce. Thzlg!rt%_ elrégj%nt Etg_tr?sﬁé‘i?gr O&%\%lgl?/?ésl%ls%oé ?‘lerlflgéﬁr]gld' to as HElr\/I?'n?II—Ingﬁr

El ectron Mobi lity;Jransi ghakkcanddises achwogdigenshonal Widelechreaceas

| ayer fornmed at an Al GaN GaN hetero-interface
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 17 becomes conductive for the second

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

Alternatively, the second pulse gsignal 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 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.

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

system 30 in accordance with the fifth embodiment of the
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as a channel layer. Mre specifically, the lateral transistor device

i ncludes el ectrodes D1 and D2 provided on a surface of a substrate, which
are serially connected to the power source 2 and the | oad 3, respectively,
and a 15 control electrode (gate) G for keeping a high w thstanding
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 fromthe, contro
unit 13. HEWEPERL tHyIBtian | Wildf RehectBhttBEdel EdGr-od®® GlRerfai RS Fitgher

than the | owernost potential by a potential of a_single diode.. Therefore,
if a thresﬁé?ﬂrﬁQeﬁgﬁwlﬁ%nﬁtQﬁ# PR heeh Phed 102 control device 1t

25conduct i onandt henon- conduct i onof t hemai n _Qpeni.ng/ clLosing.unit 11 is de
i gher ¢ hattt RECHGTORETal YT (e STROTS GaT8 e Ain TRRHUELT oncor - The

e non-conducti on of

mal i OPen! RnE;QAe s U b el Lpean ity QRN LIV 11 shown MEAIMAG €33 UpoN

conducti ng, & mai n opening/closing unit 11 operates as described in the

above exanphes. 18.ACCELALRGLY, gbheceont ol sUpthel3 dnbv@ReBY 2 COREf&ht
signal of several volts can directly control the commercial power source of

a hi gh vol tegecto treifor ddtedqmias) b ectioraeal £ zewseq! ingeHevwauantifigh
capacity of the two-wired |oad control device 1J by using HEMI havi ng high
el ectron lomemindgAclosing unit 17. The other configurations are the
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 wunit 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 1like, 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 detector 22
becomes longer and the auxiliary opening/closing unit 17 may
become conductive even before the load current is
sufficiently 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
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(Fourth Exanpl e) A load control device 1K in accordance with a
fourth exanple of the |oad control device used in the |load control system
30 will be described. Fig. 39 shows a circuit diagram 15 of the | oad
control device 1K A configuration of the |oad control device 1K is same as
the first to third exanples, except that the switch elenent 1la of the nmain
opening/closing unit 11 includes a newy devel oped bidirectional
controllable lateral transistor device. 20 Al though the |Ioad control
device 1K of the fourth exanple _shown in Fjg. 39 is based on the |oad
control dePPEBILI/SRERATSN UBLy. 137 May; Hes 95%ited thereto, and may be
based on the | oad conirol devi ce 1H shown i:n Fikg. §r§ or tr‘l_i% I g%gu gntégl
device 11 shown IPEETHOTS5. UEREEE 4B FECRTp T EN S honity &
configuration_of .t i.tch. el n : d Fig. j I Vi gw
taken al oﬁblr ﬁ@tl ?ﬁé’%qﬂl?n I ggu%éillg‘ggsﬁgﬁ%ﬁnéyglg)sq@qudlggg r!étge
120 of the ] el i d dyet g, d a 2 BN
laver 19 Obd?#gtcg%dp\lbgﬁﬂfe hauipchtidgsca-£0pdyst ahd a%elen 208 &y

ayer 120c fornmed on the conductor |ayer 120a in

that of der culdtelte & cRWdL el EnRitarhila, vl de- eheaensi fnepe £l €§1 € Dos §Ag
| ayer fornmed at an Al GaN GaN hetero-interf ace is used as a channel [ayer.

As shown i mrRitg.114Gedameedcondacsivé aegaidOdonf at hsuthsperiad 12D biwvea
first electrode DI and a second el ectrode D2 connected in series to the
power sour de . .andfd0rthe gtk B rrigepbcpeveby, ahd tameddl eThereattar.,
portion S which has a mddle potential between a potential of the first
el ectrode Pheandhe prishtoRENHIIAHOSRDridREF et r BEECTRS PANaGERERERIVE

control electrode (gate) Gis formed.on 15 the niddle potential pqrtion S
A Schot t ky ERSRGDIEEREShsedtBE AV IR0 ogpg&pggatgoalngorur&% 7te. 1%he

first_electrode DL and, the second electrode D2 respectively.have a first
set of%a pl iF?ngFCEFé’Et r%%aelrbbr%Von%eaiﬁ?lEQZ,aplig}t-ch- bae%' eaense%g)l%d

set of a plurali tyoz%nﬂls%ﬁgggngort ons 1211122, 4 the auxiliary

opening/closing unit 17 as such, damaging the auxiliary

opening/cloéing 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 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 1I shown in Fig.

35, in that a bidirectional controllable lateral transistor

25 device 1is used as a switch element 1lla in the main

opening/closing unit 11 and the other configuration is same.
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20 123, The el ectrode portions of each of the first and the second set are
arranged in parallel to face one another in the shape of teeth of conb and,
the first and second set of electrode portions are arranged oppositely. The
m ddl e potential portion S and the control electrode G are 25positioned
between the plurality of electrode portions 111, 112, 113, --- and 121,

122, 123, --- arranged in the shape of the teeth of conb and have a shape
(approximately a fish backbone shape) confornal to a plane shape of a space
formed between the el ectrodes. Next, a structure of a lateral transjstor of

the 5 swiPékherghettiehgthion R HRIGIHAR K GRS Py ohothe htcad

el ectrode portion 111 of the first electrode DI and the el ectrode portion
121 of theCSBLRd &FCITDdR! DERaPE CRMGS ‘%h‘il,lh Fﬁ‘at SEERTFal SRS | A

el r v dt i rect qne. col acl de_gach, ober. and Lo ety pds poLi 0B 1L

of the r ode an e electrode portion e second

el ectrode B%ﬁ;%n%g%%geﬁ%gi%ﬁg&:%ﬂoﬁ 1}, COLEESREADY POF T OPSe Of £ hee

m ddl e pot e control electrode G D stances fromthe

el ectropde pouticarR Lhbwef ithe-ifd rsts el ectrode D1 and the el ectrode 15
portion 121 of "the second el ectrode D2 to the corresponding portions of the

m ddl e potential rpgrti ong S agttbvidie eont salheglagdior odetBucnutree wodit h the
direction is set such that a predeterm ned wi thstanding voltage can be

mai nt ai ned btilkde rectdtonedn. c@0Thotlaklal dateqmadl | yrappisedrt dexidia.ect Tha
perpendi cular to the wdth direction, that is, a longitudinal direction of
t he el ect r da@¢epelt jtorprisiistur tdevi¢e sisepéepr a@deDreagnda s YT r §Hagh
portion 121 of the second el ectrode D2. In addition, these relationshigs
are 25equalllpcaain eMfobd like r ERAPAIAEOPAI randf WSStt AodeWportPeRsiona

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 1load 3, respectively, and a

15 control electrode (éate) 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 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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112/ 122, 113/123,That is, the mddle potential portion S and the control
el ectrode G are arranged at a position where the predeterm ned w thstandi ng
vol tage can be maintained with respect to the first electrode DL and the
second el ectrode D2. 5As described above, the mddle potential portion S
having the m ddl e potential between the potentials of the first and the
second el ectrode D1 and D2 and the control electrode G connected to the

m ddl e potential portion S for performng a control therefor are arranged
at a position 10 where the predeterm ned withstandi ng voltage can be,

nai nt ai nedthet h FéBPEBt t%l@CE{%r fi rdte an@AIHE BRI Bt ecOfode tBE an®2HD.
Therefore, if the first electrode DI is at hi.gh potential and the second
el ect rode BPEPdTGY C3OPINIp S et ildl %qenéi%ld}%q?&x Rt switch el enent ha
is 15 off (i.e., when a signal of O volt is applied to the control |

el ectrode G, a Merpehpiles dECOmi FeRJUBFéERed e | BadD pRPARERI( AECFLREL

el ectrode D1 and the control electrode .the m ddl otential portion S (a
current i sYidcked riREAEDwEHhe ‘%ﬁﬁ?%ﬁe‘il eﬁro%%g(g%}?(éyeG) gxﬁﬁ €Phe

ot her hand,, when .the bidirecti swi.tch-el ha.js, o i , a
vol tagg(; Si a‘r?aclore%%glg i'ng:_hae pérée e elr mmrll%g %ﬁrggﬁ%g |%§} gabpgf]?ré%r?% %%ﬁgl
control el ggtrade{G1 agoipdi cahediiye d IPWEchBrEl 0120, cankelrd 511 HbRws

along a path fromthe first electrode DI (el ectrode portions 111, 25112,
113, ...) te@ddieeseedndaeliecdt odeladel ect Fatehgor tiims 121 pok22plE23to. . . )
t hrough the m ddl e potenti al
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 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 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 in ‘Fig. 39 is based on the load control device 1J
shown in Fig. 37, it 1is 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 is a plan view showing a configuration of the

switch element 1lla, and Fig. 41 is a sectional view taken
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portion S. This can be equally applied to the reversed case as well.

As descri bed above, by formng the mddle potential portion S at a position
where the predeterm ned withstanding 5 voltage can be nmaintained with
respect to the first and the second el ectrode D1 and D2, the switch el enent
|la can be reliably made on/off and a | ow ON-resi stance can be realized
even when a threshold voltage of a signal applied to the control el ectrode
Gis |lowered dowmn to a lowest required 10 level. In addition, by setting a
reference potential (GND) of a control signal to be equal to the potenti al
of the m ddllengotteht | AinpoXh-&I SinnFdgnst4ct i Ag shewmiin ofegi ng¥lcl osi ng
unit 11 by using the novel switch elenment 1la, a high voltage commerci al
power sour Gebsirae di20efl EhESEHTDE! Iengnt el o e bRAes r urendBCEPT ven

by the control signal of several vaqlts. In additign, in_comparjson
with the t Fﬁﬁnaé%ﬁﬁe,aP eﬁcé%NcgﬁM%ﬁ %%@?CEH%K?H %hgaﬁréﬁ¥ reﬁ% | e
is not aff Y, t r b disqde t rectd fying
circuit 12%%#ﬁgfgﬁg?e¥ﬁévg%%%ﬁé%h;% r %ﬂogaeeofggg%R%Tlgﬁf%g'phgﬁgm%%ghing
bet weefl corguy¢idrone a8deAEN-LONAUGE | OB 0f 1 hBRs BHA1 ORI Y- &h 0y V& Er1l
is |lowered, the non-conduction can be reliably maintained. Mdieover, in the
| at er al tr @&esiidorateleemNUGANIGEN tHee d - h e omal s 25edéé@chs oa ghsnhayer
formed at the hetero-interface as the channel layer, a threshold voltage to
make t he ell@yent. nds- showndaat iFig -hdd a famad onsH pswiiacoONL2edi of ahbe of
the el ectrical conduction. Hence, lowering the threshold voltage can | ead
to | oweri nFUIFETAES ediZht afdE  Vhi dht ik ese 18 eRE% bl B t 02BEhi dvesSgceond

scaled-dow%fgé ggég1ﬂ§“%§ﬁﬁéggeéo%%(gggfég ggvkﬁg'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 secbnd 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 parailel to face one another
in the shape of teeth of comb and, the first and second set
of electrode portibns 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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(Si xth Enbodi nent) A |l oad control device 1L in accordance with a

si xth enbodi nent of the present invention will be explained. Fig. 42
depicts a circuit diagramof the |load control device 1L 10 in accordance
with the sixth enbodi ment. The | oad control device 1L basically has sane
configuration as one of the fifth enbodi nent, excepting that the third
power source unit 16 includes a zero cross detector 23 and the control unit
13 has a third pul se output unit 24. Although the load control 15 device
shown in Fig. 42 is based on the |oad control device 11 shown in Fig. 35,

wi t hout beoﬂgthemUaatnfﬂﬁeﬂqmblandayabe lpa sdrhen t¢§p¢Q%Km¢%#ﬂY0$ déohce
1H shown in Flg the | oad control device 1J shown in Fig. and the

| oad cont r BRCH @péeSPRP§HoW@q fermag. ?ﬂ)a:Rﬁ%ﬁ?z%?%P%r%gsad%P%E?oﬁoﬁﬁe

detects a zero cross of _a Load current and outputs a zero cross detection
signal to Pﬁ@WFﬁPrﬁiﬁuF§§C5&F%ﬁ? ‘unit 24. The third pul se output unit 24

recei ves the zer 0ss, d r Zer, teecto 3
Qeft ttﬂﬁr > %gﬁ QN8 17819 501933 et 8¢t OEn

and outputs a t hi rd bulse pulse rises when the zero cross
det ectd on §i, 4Rkl 13 dnf2Rit tfﬁa apg: degeends afitRid a |apsthdiin aid hirig.

predet er mi ned peri od
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 S and
thé 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 S and the control

electrode & in the width direction 1s set such that a

predetermined withstanding voltage <can be maintained

therebetween.
20 This is also egually 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, S That i1is, the middle potential
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of time. The third predeterm ned period of tine is set to be shorter than
the half cycle of the | oad current. I nputted to the control unit 13
are the first pulse outputted fromthe first pulse output unit 19 and the
third 5 pulse outputted fromthe third pulse output unit 24. The control
unit 13 has an AND circuit 25a which perfornms a | ogical product of the
first pulse and the third pul se 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 fromthe AND circuit 25a and an out put
si gnal fromoartdwrr eft adet ether @QAtral oetlpygttscdlesi Gnalre oamrgagedofat he
switch el ement ha of the main opening/closing unit 11. Thus, the nmain
openi ng/ cl ®SSAG 1M twher & ddrraer ednfricnined agathstardianghvpl tpgei 6anope
~time, 15thereby protecting the auxiliary opening/closing unit 17. As
descri bed Hﬁ&PéFHﬂﬁgrﬁﬂ oﬁ?ﬁ?ﬁﬁFcﬂH%i%Beuﬁﬁr BLEomeS9toRduct Ve thAi | e
the first %@%c&ﬂfe%ﬁgéékdag §$Zare raised at the sane tine, i.e., while the
od o

first predéterm ned peri time overlaps with the third predeterm ned
periods 20 of tige. JuiPfleqt Redd rdepyl sqifises yhaiht e ZR-SIgsSs
detector 23 detects a zero cross point and descends after a | apse of the
third predeerimgnethpemicdlel potenthal b=tshert ethé hapotiche ikalsd s§yclkaeof
the load current. Therefore, even though a delay occurs in timng when the
char gi ng 256a%sl eandn tdfe t precoud f el econguissePl 25nds Rt eodedihé . gontrhe
first predetermned period of tinme starts to rise, it is  inpossible that

the main ofeMTHFADST ngOURPELED Fenkifs HOHth IRV HeDhdPPHELI2Br 8§ &PFss

poL . o1, e PRt souL ool schenoy Aot dhogl e Shok 19030 B con

sachi gyi ng vﬁ'xe%teabl Ehgperﬁé@@t&gmﬁt@dCh%\figziﬂ&anding voltage can be
maintained with respect to the first and the second
electrode D1 and D2. Therefore, if the first electrode D1
is at a high potential and the second electrode D2 1is at a
low potential and the bidirectibnal switch element 1lla 1is

15 off (i.e., when a signal of 0 volt is applied to the control
electrode G), a current is definitely blocked at least
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 bidirectional switch
element lla is 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 electrode D2 (electrode

portions 121, 122, 123, ...) through the middle potential
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VWil e the invention has been shown and described with respect to the
enbodi nents, it wll be understood by those skilled in the art that various
changes and nodifications may be made wi t hout departing fromthe scope of
the 10i nvention as defined in the following clains. Wat is clained is:
1. Aload control device connected in series between an AC power source and
a |l oad, conprising: 5a main opening/closing unit connected in series

bet ween the power source and the load for controlling supply of power to
the load and including a switch elenent, wherein the switch elenent has a
| at eral duglorgdra tS-an¥hésorcast bgctagualiaviarpld ed tisst bl ngvebsedgease
portion and having a 10dual gate to which a control voltage is applied;

an auxil i aP®y @B€H+ng/closing unit having an auxiliary smﬁtch device of a

thyristor struct or_.contyolling a,sup of p [ tQ t he
mai n openi ng/cl o g ﬁhﬁ?ﬁj({ %LS %On % a?e a <o ? gﬁlt

for cont rolaa&qoqpegﬂ'éw aa%sq&%r{'gﬂr?éré h@h@%?e&@@é‘hﬂ%éh%h@ﬁsHahiﬁﬂg the

auxi liary
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 threéhold 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
opening/closing unit 11 by using the novel switch element
lla, 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 1is not
affected by a voltage drop caused by a diode of the

20 rectifying circuit 12. Therefore, even 1if 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 1lateral transistor element ﬁsing 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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openi ng/ cl osi ng unit; a first power source unit for receiving an
electric power fromboth 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 unit; athird

power source unit for supplying a power to the first power source unit when
the | oad i $OFGMSTtETawnPRE tRe Tt bR HY/ iddt nPNHes IGtanRe addi | FRPY

openi ng/closing 5unit is in a conductign state;, and

. t
det ector f &t dFilng PYGFEE i nput HEBCEo t%?ﬂﬁﬁ%qgrxﬁ%g'ZghF%ggﬁagt

voltage can lead to lowering the ON-resistance, which makes
it possible to achieve a scaled-down and high capacitive
5 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 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 load control

15 device shown in Fig. 42 is based on the load control device
1T shown in Fig. 35, without being limited thereto, it 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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wherein, while the load is powered, the control unit nakes the main

openi ng/ cl osing unit conductive for a first 10 predeterm ned period of
time when the voltage detector detects that the voltage inputted to the
third power source unit reaches a predeterm ned threshold and nmakes the
auxi | iary opening/closing unit conductive for a second predeterm ned period
of tinme when the main opening/closing 15unit is in non-conductive state.

2. The |l oad control device of claim1, wherein the drive circuit drives the
switch el enent by supﬁpl ying. a_power. to the gate of éhe swi.tch elenent in

lrjespons](ca t 8fa tdfsve afBiv® BrefRésEBr RF 109 tRE pdlEr 1ei gt obi®t he
asis of potentials of points connected to AC power source and th
Izggd, hr elspEgt ?Vé’ﬁr,eraﬁ&aﬁleitﬁﬁ’ﬁ %183 Y& f’flt % ;Mﬁ%‘?lﬁe' coﬂt r ol euni t.
. The |l oad control. deyi f. cl ai wher el n4th i cidouit | d
two opto-insul aﬁn u%%"gr’nacgﬁd(&% eorg g&%g%s cgérég’pgan I ngﬁteo {tlﬁfég%lugp%gt gs

of Lhe sW behoBlemenley AL 0k 2phi 68! ooiidhle! Rttt lo Comechedehortne

control unit receiving t e signal a 1 ght receiving unit for
recel vd ng i)ull'sg:htoMLP&‘Eé&dfﬁfbﬁ%mttﬂlﬁ thobl eildd ngutipht , und tangh § hethight

receiving unit executing a photoelectric transformati on and applying a
posi tive paelegrttricdl ®eitha3gahasofart haNBwi ¢ cheeiemexa owhibe hEsifowis a
respective points to which the AC power source and the | oad are connect ed.
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 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.

As 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 is
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104. The | oad control device of claim1l, wherein the drive circuit includes
two di odes, each connected to the first power source unit, two condenser,
one end of each condenser 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 condenser, and the gate
of the switch elenent, and supplies a power for driving the main
openi ng/ cl osing unit by making the drive switch devices conductive by a

drive signal fro he control. unit. 205.The |oad control_devi.ce .aLm 4,
wher ei n thémHP?§gk§ﬁitEﬂaHeJ?5é WﬁlpheOEFP§392Fggﬁ%ngéu%h oﬂto-?%g%FgFion
sem conduct or swi.t.ch devi ce. hayin | -em.tting i p I a

light by tREEIHTES] cg]%ea}for%? oﬁ%{%h%e%gnt o S%M’R%Edog ﬁhg%ﬁ?‘g%{éi \%’%egnit

for receivi i gt out-put tadhASf r oMeheghinght - @aht timg uBkkihetel
conduct, a% ¢ E&%#%, when the Ii&ﬁgireceivigé gnit electrically condzbts,

an el ectri g cR@Wemef btherll rgilpowsjesouITe dAkt pSweHpRdattd,0 theramiyn

openi ng/cl 06sing unit as a drive power. 56. The | oad control device of claim

3 or 55 whereiirvirghta erdddliengppiidisiai shetheochptoingsul ati on

sen conductor devices in the drive circuit are connected in series to each

ot her. 107. The |¢hileonteolimmrittieomnf hafabee, shmweiand hdegeriped with
respect to the embodiments, it will be understood 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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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, 15wherein, when the driving signal
is inputted fromthe control unit, an AC current flows in the primary coi
and, accordingly, an AC current is generated in the secondary coils due to
an electronotive force caused by the AC current flowng in the primary
coil, thereby applying a positive 20 potential to the dual gate of the
switch elenent qn the basis of respective points to which the AC power
source and"PR& FSafldr8SCotféct ed. 8. The | oad control device of claim4 or
5, wherein the 25drive circuit further includes condensers connected

bet ween power |ines serving as a basis and connection points of the gate

of fhe switch el emapt ANbddie £ hues Sl IEhAREGe 1. [8.5L.0ab LONLD! on

device of any oné ot clains 1, 4 an rein the rectlfvlng circu

i ncl udes sypchQesWidshtce deM (‘aesldgm’neégnﬁdfitgagry%apn a point to which the
power line is coupled and a negative output point, and the synchro-switch
devices turn on &n &yAehr pEis ddg/ Eoopes at iantof cwrkiard ddhe fmi nseries

openi ng/ cl osi ng unit conducti ve.
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 frbm 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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1010. The | oad control device of claim9, wherein the drive switch device
has a thyrister or a triac structure and is driven by a signal electrically
i solated fromthe power source units. 1511. The | oad control device of
claiml1l 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 predeterm ned threshold,
a zero cross detector for 20 outputting a signal to the control unit when
it detects a,zero cross of a voltage inputted to the third power source
unit, unifie control unit includes a pul se signal output unit for

t putt I k h 5 cl
conduct df or A PR PR ol B REA B0t RIHRLanh Kyl 9 sthe
i nput t Ie h t d I t
oufgutflng qqlklgéxg% ﬁ&ﬁu¥§§ gﬁég %%re é?giﬁgnZEQB ﬁﬁ% 0 #%%%é en a

signal is y@%&t ﬁfﬁﬁ?éi@%fﬁ§Ouﬁﬂgsﬁngeﬁﬁﬁt%bxfygkﬁﬁeoﬁgﬂiﬁgycMBbEng

outputs a drive signal"to make the 5 main opening/cl osing unit” conductive
whi | e § he sirgrali o rnemat kensrldaas delpet orarand the signal fromthe zero

cross detector are being outputted together.

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

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 response to a drive signal
20 of the control unit, the power being on the basis of
potentials of points connected to the AC power source énd
the load, respectively, and being electrically insulated

from the control unit.

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

circuit includes two opto-insulation semiconductor devices
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12. The load control device of claiml1l or 2, wherein the 10control unit is
operated by a renpte control signal. 13. The | oad control device of claim
12, further conprising a fourth power source unit connected to the first
power source unit for rectifying the renote control signal, 15 wherein,
when the renote control signal is inputted, an electric power of the renote
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 con&ained in thg rempte 20 control signal,
€ @3& ic

the cont r olCHHEPOFE % sE? hERE hAFGLpFRe sofir E8Carft bl £ &Rt e

to the l.oad by, drjving.the main apening/closi it )
ond cont r ORYARR cb beRRbeERd A Ger e COTUCER o ZeAC FoET EBRH cB 4R a

| 0ad, - comprigi ngsoa; PrAD QRSN DGR 08L00a4Ndn £ORT hAGHNG e SUpDLY Qs ¢

power to the'load and ving a switch ellement of a transistor structure;

an auxi | i arp,, ORQNING/GPS NG G oY Ge@ BbhChhdeyi §8t Obmacthviyl 8hek,

structure and controlli'ng a supply of 5power toload when the main

openi ng/ cl @sidg twdi t 1iighith @eleAveasdughi@n skak@ring 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.

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 condenser, one end of each condenser
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 condenser, 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 is 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
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a control unit for controlling opening and closing of the main
opening/closing unit and the auxiliary opening/closing unit; 10a.first
power source unit receiving an electric power fromboth 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 | oad

is not powered; and third power source_.unit _supplying a power to
the first EBRQPC§5ur&QLﬁ%?gVﬁEﬁ PﬁgeFof i %o&é?ﬁh ﬁﬁ%%%%%&ﬁkﬁﬁpﬁﬁ% -
opening/closing unit or .the_auxiliary openi | Qsi Lt isS.in ag...
conductionlgta%é?pile8 txhh%ﬁ%iﬁm%ﬂ% WT e ﬁgfggb cgﬂékité?nc udes ' a
vol t age de%g%%gr for detecting a voltage inputted thereto, and a zero cross
detector for détecting a zero cross point of a 25load current, and wherein,
when the load is powered, the control unit makes the main opening/cl osing
unit conductive while a first predeterm ned period of time counted from
when tde vgltagerdet exdd detrecis t datritdee wol taggimnmit tead 59 t hAerbind
power source unit reaches a predeterm ned threshold falls on
light-emitting units of the two opto-insulation
semiconductor devices in the drive circuit are connected in

series to each other.

10 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,

15 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

20 potential to the dual gate of the switch element on the
basis of respective points to which the AC power source and

the load are connected.
8. The load control device of claim 4 or 5, wherein the
25 drive circuit further includes condensers connected between

power lines serving as a basis and connection points of the
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5 a third predeterm ned period of tinme counted fromwhen the zero cross
detector detects a zero cross point of the load current, the third
predet erm ned period of time being shorter than a half cycle of the | oad
current. 1015. The | oad control device of claim 14, wherein the control
unit makes the auxiliary opening/closing unit conductive for a second
predeterm ned period of tinme when the main opening/closing unit is in a
non- conduction state. 1516. The | oad control device of claim 15, further

conprising a curre detector for detect) a current flow in the
auxi liary Sp&fi R/ EE‘SSFH@%E% te,leé{‘r“rdileC and rg‘i\ﬁnéf i, %letn&ét %%flrceent
exceeding a predeterm ned threshold flows in the auxiliary opening/closing

unit, the 20 control unit nakes the main opening/closing unit conductive

and then, when tﬁﬁén§§g?ogggkggﬁp@@gﬂgbLgﬁta§§cgggso@oqggﬂgﬂ§tjye4 gB&es
the auxiliary opening/closing unit conductive.” 2517. A | oad control device

connected BN sghéesihetwrenrantAEypayercseMite amdladeradsy86AP6HSWAgEh

a mai n opening/closing unit controlling a supply of power to the | oad and

havi ng a swvelilreel etk ctfed Hatansirstorpsirntuctarehich the powerahimexiibi ary

openi ng/ cl osing unit having a switch 5device of a thyrister structure and

control | i ngoapdgdplandfa negative output point, and the synchro-switch
devices turn on in synchronous to an operation of making the

main opening/closing unit conductive.

10 10. The load control device of claim 9, wherein the drive
switch device has a thyrister or a triac structure and is
driven by a signal electrically isolated from the power

source units.

15 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 <zreaches a
predetermined  threshold, a zero cross detector for

20 outputting a signal to the control unit when it detects a
zero cross of a voltage inputted to the third power source
unit,

the control unit includes a pulse signal output unit
for outputting a pulse signal to make the main

25 opening/closing unit conductive for a first predetermined

period of time when a signal is inputted from the voltage
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power to the | oad when the main opening/closing unit is in a non-conduction
state; a control unit for controlling opening and cl osing of the main
openi ng/ cl osi ng unitand the auxiliary 10openi ng/closing unit; a
first power source unit receiving an electric power fromboth ends of the
mai n opening/closing unit via a rectifying circuit and supplying a stable
‘power to the control unit; 15a third power source unit supplying a power to
the first power source unit when the load is powered while the nain
openi ng/clgsing unit or_the auxiliary opening/closin nit isina

dnor Pui

conduct i ond§tg§FECT, and a pulse g nFURRYE reRLFviERg LEFHTHISi §nal
i nputted 2Qexternally; and . i_.ndependent power.sourgce_unit
rectifyingpP &ecsﬁﬁFéﬁ %ﬂﬁuﬂ %Q%%?@@fé%%??@??%c %¥ﬁ%8u%?ttgﬁ gﬂﬁ%l?ing
an el ect rl ¢ ;BT L0308 Kid o te ROV, SULGE. 218 adhe-Lgpd goatrol devi ce
of claim 17, ereinthe t |r§ power source unit further includes a voltage
det ect or the control unit 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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detecting a voltage inputted thereto, and wherein, while the load is
powered, the control unit makes the main opening/closing unit conductive
for a predeterm ned period of tinme when the voltage detects that 5 the
voltage inputted to the third power source unit reaches a predeterm ned

t hreshol d, and then, when the main opening/closing unit becones

non- conductive, makes the auxiliary opening/closing unit conductive for a
second predeterm ned period of tinme. 10 19. The | oad control device of
claim 18, further conprising a current detector for detecting a current

f1 owi ng i nPOMETawE] | dhiF og'éﬂqﬂg/aé}%si%vh%?t 2nheYer Al wWheRMEEur Pént @
exceeding a predetermned 15 threshold flows in the auxiliary

openi ng/ ¢l &$ERG RN, $HCIHTol unit makes the main opening/ cl osing unit

monconducti vo. naRosbRETERRT 'BbOaEREPLITHEC MR habBRETER, | gvisghyg

nonconducti ve, mnakes e aux y opénrng/closi ng un

The | oad ceptfle Qﬂyigetl 6?%?%9U2t95cﬁb§£”§?ﬁf ééhéfb%ﬂMnﬁfQénsﬁPEI§WEECh

el enent of the main openin sing unit includes a bidirectiona
controd | ablpeat elaltHe ansd$tiferdeMi€mat Reopah €hg) clb3nagstai cdevi g a

i ncluding two 25el ectrodes respectively connected to the AC power source
and 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 wvia 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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the |l oad, and a control electrode is provided on a.mddle potential portion
between the two el ectrodes. 21. The |oad control device of any one of
claims 17 to 19, wherein the switch elenment of the main opening/closing
unit 5 has a lateral transistor structure, the lateral transistor
structure including a first electrode and a second el ectrode respectively
connected in series to the AC power source and the |load and fornmed on a
surface of a substrate, a mddle potential portion which has a mddle
potential between a 10  potentjial of the first electrode and a potential of
t he second™&&& ridife Ml PLEHMF/0F L Hed r'Joet aOF %EFlﬁﬁrWPéiFyaf ~hEH on

th i ddl tential, tion,f f.orm | f th i dd
plt:I o " BBRO T HAIES ST BQS&%&”} %ﬁ‘u%%%’ﬁ?%%%gnaﬁ{% Tae V51 Eage
ctrode hegin rra abl e -
predeterm lr%lge&%tt%ét ggggﬁégvo %gepc?%é t 'P{gﬁftl’%%%t %ﬁaagﬁégsgﬂé%%ﬁﬁ eg%lrlgge
during nony dd B ofudhe deyiiess aClcr)r@&etJPﬁiﬁgadtﬁeeghehdd%&u@g eh

claim 18, further conprising 20a zero 0Ss detector detecting a zero cross

poi nt of ad oggli £4Ir peBliet WAL AEAL RRGOMT ANt i NBKRSRR Nfrom when the
openi ng/ cl osi nguni t conducti vewhi |l et hefirst predeterm ned period of tine
falls on a#ddug depoedetietathned ZAsperdtsd of zé¢troecrosst gobifrmtomvhehet header o
cross detector

current, the third predetermined period of time being

shorter than a half cycle of the load current.

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

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

15 16. The load 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

20 control unit makes the main opening/closing unit conductive

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

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

AC power source and a load, comprising:
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detects a zero cross point of the load current, the third predeterm ned
period of time being shorter than a half cycle of the | oad current.

a main opening/closing unit controliing a supply of
power to the load and having a switch element of a
transistor structure; |
an auxiliary opening/closing unit having a switch
5 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;
a control unit for controlling opening and closing of
the main opening/closing unit and the auxiliary

10 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;

15 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

20 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.

25 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 becomes non-conductive, makes the
auxiliary opening/closing 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 makes 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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