1 SW TCHI NG POAER SUPPLY FOR HI GH FREQUENCY HEATI NG APPARATUS FI ELD OF THE
| NVENTI ON The present invention relates to the field of high frequency
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configurations of powver suﬁe?MQﬁq ts fgr ‘driving a magnetron are discl osed.

BACKGROUND OF THE | NVENTI ON Power supply units are installed in a range of
appl i ances including high frequency heating equi pnents for home use.

Exi sting power supply units are generally heavy and |arge, and there is an
| ncr eastng-demand for d for smaller and |l i ghter versions. Accordingly,

devel opﬂergheg(“ ﬁri cedl i ght er, and nore i nexpensive power supply units

using a supply are now being actively studied for use in a
wi de ran here is als mﬁgﬁfor smaller and |ighter power
supply u ng the rragne?Fg(r:\ in"hi gh frequency heating equi pment
for cooking food using magnetron-generated m crowaves. A sw tching power
supply converts AC power or DC power to AC power with different frequency
and voltage or DC power with different voltage. This is acconplished using
sem conduct or switching devices such as transistors and thyristors. In
other words, the switchi iiGHRREQUENGYREATINGER flc power
conversion. Since the sw tching power supply operat es sem conduct or

swi tching devices at high frequency, the reduction of switching |oss is of
key technol ogi cal inportance. |RIEdQRdHE INCBNITdBNNg power supply units
used in high frequency heating equi pnent for honme use nmay convert electric
power at rates of abdhhe gresent Rydntion velatés vihedield gf higisfrequencoheéating t ant

ith ' A 8/ 38836 . .
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equi pnents. This circuit systemis called the single swtching element
vol t age r esisiving-a magnaitan argdisclosed.

BACKGROUND OF THE INVENTION

Power supply units are installed in a range of appliances including high
10 'frequency heating equipments for home use. Existing power supply units are
generally heavy and large, and there is an increasing demand for smaller and lighter
versions. Accordingly, development of smaller, lighter, and more inexpensive power
supply units using a switching power supply are now being actively studied for use in
a wide range of fields. There is also a demand for smaller and lighter power supply
15  units for driving the magnetron in high frequency heating equipment for cooking food
using magnetron-generated microwaves.

A-switching power supply converts AC power or DC power to AC power
with different frequency and voltage or DC power with different voltage. This is '
accomplished using semiconductor switching devices such as transistors and

20 thyristors. In other words, the switching power supply is used for electric power
conversion. Since the switching power supply operates semiconductor switching
devices at high frequency, the reduction of switching loss is of key technological
importance. In particular, switching power supply units used in high frequency
heating equiprnent for home use may convert electric power at rates of above 1 kW.

26  Reduction of switching loss is also important with respect to energy conversion.



IS a system designed to noderate voltage incline by applying the voltage in
sine 5 waveformto a sem conductor switching device utilizing the effect of
a resonance circuit to reduce the switching | oss. However, the single. "
swi t chi ng. wbespgss6 vol t age resonance circuit of the prior ar pChAPod/s1

fol | owi ng weaknesses. First, the voltag® applied to the sem conduct or
switching device rises 10 due to the effect of the resonance circuit. This
may require the sem conductor swi tching device or related el ectrical
conponents to be configured to a higher withstand voltage, resulting in a
‘larger and nore expehmsma!mrcumsgs;eml,ra configrration advahtawbusli@rl@ﬁubin@p

f th d
et s on CawIINIG vy P hetator emplayes 'iggsfgfrﬁeuﬁﬂ%haamg equipmenta o T ap! o

as requir eéi @Xaérﬁ‘@é‘éﬁfed @ dih é'é%ichi n%ﬁ%ﬁbg@freé&?arﬁié‘&kﬁm and it

swi t chi ng e vol t age resonance circ advant ages are caused
inthis ras;msysiemfdeﬂrgmd to medeea:ervonagemmlm mmdymlgsthel\mltagetlhsm ngl e

t chi | t.volta t of .th
detai IS B Gavetorth s Bonfirer ardghing snvies iledio BieBfre ar Fasiheiee. i ng
a 20 ”agr\ﬂidxmoradbé@{hééwﬁmngmseatIng equi prent of the prior art. Fig.

21 shows a power supply circuit™for driving a magnetron which is powered
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rectifier converts AC power su tage
vol t age VORiorarthas thelfallowing weaknessdser e t he semni conduct or swi t chi ng
device is connected in 25 series with a parallel circuit conprising a

capaci tor and | eakagPirét; #nsveltage applidd rthbwemicondidtoreaitehing devidierigésn
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driving signal VG isSepphd @tﬁoughnhé GN tlgmtcﬁthesemndndlmtmw»tmm@iwce is

current | flows to t(gﬁﬁ passi.n %hrou the primary coil

| eakage trSeitakietbe F'Q"q i§ a7H8 pHUR %;a(v]or iqf ﬂi‘%ée r‘%ﬁ%‘ﬁé\m is pot

Fig. 2gA %‘ﬁgtéﬂ?as required. This reduces the flexibility of control of the single switching
element voltage resonance circuit. More disadvantages are caused in this respect,

which will be described below while describing the single switching element voltage
resonance circuit of the prior art in more detail.

Fig. 21 shows a circuit diagram of a power supply unit for driving a
20 magnetron in high frequency heating equipment of the prior art.

Fig. 21 shows a power supply'circuit for driving a mégnetron which is
- powered from the AC power supply. Looking at Fig. 21 from the left, a full wave

rectifier converts AC power supply from AC voltage to DC voltage, and the voltage

VDC is applied to a circuit where the semiconductor switching device is connected in
25 series with a parallel circuit comprising a capacitor and leakage transformer (a

transformer with magnetic connection lower than 1 between the primary coil and:

secondary and tertiary coils due to leakage of magnetic flux). This semiconductor .

switching device operates at high frequencies. Here, an IGBT (Insulated-gate

bipolar transistor) is employed as the semiconductor switching device. The leakage
30 transformer and capacitor connected in parallel form a resonance circuit.



| GBT turns off after the tinme T[err], the current starts to flow instead

towarij the 5 capacitor and resonance is established. This is the period

Tlerr]. Fig hows the waveform of the driving signal for | GBT. The
ﬂﬁ&éﬁsﬁ

energy Wer the | eakage transformergcan be defined: W Gy IEIS/00751
(Liferr])/2 (Equation 1) where | is the current and L is the

I nductance of the | eakage 10 transfornmer. The current | can be defined: |
= V[err]T[err]/L ' (Equation 2) where VDC.is the voltage of the

capacitor, i.e. the ; : ﬁ“cﬁa -

energy is transferre%.@@ﬁggwlyﬁgpmrs?@g@g% 'S ."%tgfaf%’z’“f‘g o@gﬁg%-r’
equation: WeurrdrfYHewsltb/tRe Y&EBT, bassingBrrsughotheDrimbsy coilof thetlBgkage ,
capaci tance of the capacitor, Vis the voltage of the capacitor, and WG is
t he ener gytrepatormed. {This-isdhedqariod Bt inthe wavefermshaywminetige 2280 \When the |
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pri mary 25candd definegd:peri od T4. The characteristic of the resonance
circuit is to reduce the switching loss by turning on the I GBT again at the

poi nt where the voltage VCEobetween the | GBT's collector and emtter falls
to zero. Fig. 22C shg&bf’t&g ﬁgsonance \Aﬁ\‘%ﬁﬂ‘ﬁrb%the primary coil voltage
wavef or m Vp. WD 98/ 38836 ' ] : :
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Vierr] uation 4) where Vp is the voltage of the primary coil.
ACCOI’dilPlgl ﬁangﬁﬂ'"ﬁ{mform of V[err] has a high voltage peak as shown in

The current | can be defined:
| = VDCTON/L (Equation_2)
where Vp( is the voltage of the capacitor, i.e. the DC supply voltage.

When resonance starts, the above energy is transferred to the
15 capacitor, establishing the following equation:

WL = (CV9)/24WMG  (Equation 3)

where C is the capacitance of the capacitor, V is the voltage of the
capacitor, and WMG is the energy consumed in the rectifier and magnetron

connected to the secondary coil side of the leakage transformer.

20 After energy is transferred to the capacitor, energy begins to be
supplied from the capacitor to the leakage transformer, and resonance continues
while attenuating as shown in a period T3. To sustain stable resonance, it is
desirable to replace the energy consumed by the magnetron. Therefore, VG is
applied to the IGBT gate to turn the IGBT on again to supply energy to the primary

25  coil in a period T4. The characteristic of the resonance circuit is to reduce the
switching loss by turning on the IGBT again at the point where the voltage VCE

between the IGBT's collector and emitter falls to zero. Fig. 22C shows the
resonance waveform of the primary coil voltage waveform Vp.



5 Fig. 22D due to the effect of resonance. The tinme T[err] during the
resonance period T2 to T3 is determ ned by the capacitor, |eakage
transforner, rectifier connected to the secondary coil, circuit constant of
t he- nagnetww,sfsmd the quantity of energy provided to t he | SitA#es/00751
transformer in the circuit shown in Fig.421. The period T3 in which
V[err]V[err] is desirable for allowng V[err] to fall to zero or below The
IGT is 10 turned on again in the period T4 to replace the energy consuned
by the magnetron, thus allow ng stable resonance to be established. Energy
provi ded to the | eak¥gE of theslGBTreanibe defireedni ned by the ONtime T[err] of
the 1GBT, and a shorter ONtine T[err] translates into a smaller quantlty

of power. The driving, of 1GB (Wéhd?ﬁhdef' ned: 15

= 1/ (T[err]+T[err]). nceEiFerr S m)sﬁ |xec} rises as T[err]
becones shorter, i. t of CE is given by Equation
4, and VCE does not M@(%%ﬂava ﬁﬁe Bﬁﬁéﬂf%‘*{wﬁ%ﬁ%‘yre| ation V[err]V[err]
is satisfied during the period T3. power is reduced, the 20 energ

provi ded to the |eakf@sommiyﬂberveavefprraofymbgspcmhvwgagewneabaaﬁ aws in
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bet ween thm@gmmgctmbh@g@qa@ obeé ebtablibRed. r st condition, current is
supplied to the cathode fromthe tertiary coil of 5 t he | eakage

transformer to incregferhBreided IS tHERRAGE Wahisfoltherds Héféfnﬁﬁ@d 59QHQQ)N

condition, the high volta que out put of the Secondary coil of the | eakage
transf or nreftlmesToN of the IGBT, and a shorter ON time TON translates into a smaller quantity

of power. The driving frequency f of IGBT can be defined:
15 = 1/(TON+TOFF)-

Since TOFF is mostly fixed, f rises as TQN becomes shorter, i.e. a

smalier quantity of power.
| VCE is given by Equ_ation 4, and VCE does not become zero or below

unless the relation Vp=VDC is satisfied during the period T3. If power is reduced, the

20  energy provided to the leakage transformer, i.e. energy powering the resonance,
becomes smaller, and this relation may not be satisfied. This prevents the turning on
of the IGBT at zero voltage, resulting in switching loss.

Furthermore, energy for resonance js also determined by the power
supply voltage VDC according to Equations (2) and (3). Smaller voltage means

25 lower energy, resulting in greater difficulty in satisfying the relation VP=VDC. This is
the third disadvantage. of the prior art.

A brief explanation of the magnetron is given next.

The magnetron is a vacuum tube for generating microwaves, and two



converted to DC at high voltage by the rectifier, and a high DC voltage is
appl i ed bet ween the anode and cat hode. The rel ati on between the vol tage VAC
acrossS the d cathode of the magnetron and the anode current | A when
t he cat hodﬁ%@per ature is about 2,190 K is shown in Fi g°CTYIPI8igRKali n
Fig. 23 is called the starting voltage, and V[err] of -3.8 kV is comonly
used In mcrowave ovens for honme use. The power P[err] of the magnetron can
be defined: Plerr] = Verr]l[err] (Equation 5), 15 about 70% of

5 5 a5 crondions Besk 50 S8 for i g e AiVel’ THSYFRES thablhcRifeds
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filter conprising a capaC|tor and a coil In the circuit di agram shown | n
Fig. 21, tthe applicatiop af@ highinegedive ¥altage between ﬂlfsamdeands:atmcﬂ‘ed to
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in the current passing through the cathode. The freq uenci'/a al sO increases.

The i npedanerdiipa; the tyghvaliage putpsrt of the sesensary coll of hrelpakegeitransfiermer is

magnet ron

(Equat i on EFfetied & REFE: bigh voliags by the refifi.and ih oG bofiaoe s ppple

Si nce the besseemnthe Anode andicatisodd. "The a¢latior betweemthe voltagVags adrods thie
| npedance becones higher, leading to a further decrease in the cathode
current. Thnedeandeathode Dhthﬂ mm@ma@d)metamda ciyrentdy when e eathade:
vol t age resonance V\lBt

PCT/ JPY8/ otgopemtyle is 0%12 T%Kﬂf' SBPWRP FigHR3-fifth di sadvantage is
associated wth the starting of the ma netron The magnetron is not

operabl e unless the MBMdafig-Adisicallgddhe statieg VQ“@QW%VEM Oéf3-§r’ﬁljlﬁd
2,100 K. On _start t t d t '
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hi gh- Spee‘jn?éﬁﬂ%tﬂﬂl cant bbigfinear tant for the magnetron ina.m crovvave oven
to start up

PMG = VACIA (Equation 5),
15 about 70% of which is emitted in microwave form.

The frequency of generated microwaves is 2.45 GHz, but low levels of
unwanted radio waves at other frequencies are also generated. To eliminate these,
the magnetron may require a noise filter comprising a capacitor and a coil.

In the circuit diagram shown in Fig. 21, the tertiary coil of the leakage
20 transformer is connected to the cathode of the magnetron. Power is controlled by
the ON time of IGBT, and the ON time is shortened to reduce the power as described
above. This reduces the voltage generated in the tertiary coll, resulting in a decrease
in the current passing through the cathode. The frequency f also increases. The
impedance Z|_of the coil of the noise filter provided in the magnetron can be defined:

25 Zy =2niLN (Equation 6)
where LN is the inductance of the coil of the noise filter.

Since the frequency f also rises, the cathode current is suppressed as
the impedance becomes higher, leading to a further decrease in the cathode current.
This is the fourth disadvantage of the single switching element voltage resonance



as quickly as possible. For this purpose, as large a current as possible is
supplied to the cathode when starting, to generate a rapid increase in
tenperature. However, if a large current is supplied to the cathode op
starting, ‘Wisogtakicage of the secondary 10 coil sinultaneo | ses
because the tertiary coil for supplyinggthe current to the ﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ t he
secondary coil for supplying high voltage to the nagnetron are confi gured
using a single | eakage transforner. In addition, since the magnetron is-
started fromlow power by radically shortening the ONtine of the I GBT, the
| npedance i ' vided to the cathode of the nmagnetron rises to a
hi gh IeveFﬁ&igapm%ﬁﬂgwgﬁgreasing t he suppression of the cathode current.

Vol tage of the secontEHEAAVIEHE ke el vithiBE SRbic 38 madheron.
shows the change in.characteristics wth of ..t he e -VAC bet ween
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the magnetdhed s tdrhpératuresiErblnid 20100 RI OR Starting, d tenah tirh8%s Vét*t}it%@fo?o
across the secondary coil is high because a large current Is supplied to

t he cal hothe cathode tamperatureta rise $inger gne ofthenbenefits of mictowave ovensdsat e,

Ctarting Ngtemtd 55ki0. EMRRArARPY todnibdhioPIf A i Bpud BretiR St G "
and capacpsQjuickas possibie. tFor thRgiurpbSs, & Rargeaicuieny ad poissbhslisvddpplie8ite
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| mpedapce thed ieeeasifg the suppression of the cathode current. For supplying sufficient
cathode current under these conditions, the voltage of the secondary coil may need

ks

to be further increased. Fig. 24 shows the change in characteristics with time of the
voltage VAC between the anode and cathode from the starting point to the steady

state in which the magnetron oscillates normally. During the time TS, the voltage

20 across the secondary coil is high because a large current is supplied to the cathode.
Then, after the time Tg, the magnetron starts to operate, and VAC drops to VBM.

VBM is about -3.8 kV, and the voitage generated on starting is about -7 kV.
Accordingly, the withstand voltage of the diode and capacitor configuring the rectifier
are desirably designed with this voltage taken into account. This is the fifth

25 disadvantage.

Performance requirements for the power supply for driving the
magnetron are described next. First, a high voltage may be desirable for driving the
magnetron. Therefore, if any foreign substance such as dust attaches to the high
voltage portion, sparks may be generated. If this happens, the operation of the

30 circuit must be stopped immediately to avoid fire or smoke production by the
‘components forming the power circuit due to continuous sparking.



5 anode and cathode of the magnetron rapidly changes, and this may affect
the operatlon of electric conponents such as the IGBT. Also, in this case,
oper-ati on {3%3 cau5| ng failure of electric conponents may need to be
assured. This TS the second requirenent, SUMMARY OF THE | NVERG 51

The present |nvent|on relates to a power supply for driving a magnetron in
hi gh frequency heating equi prent. The hi gh frequency heating equi pnent of
the present invention conprises a DC power supply, a |eakage transforner

connected i n seri edniiiort Hfteline tabhsted Ry SBRAUA Ghel Bl TEBe T T
first cappeierated florndhe edpper and 1tu h iof whicheit $comprieadad suh ?é@'lsﬁ econd
sem conduct or swi tching device rivin CI rcuit having an oscillator for

driving tfedacedin %mﬂmwbem)ihesﬂep&mf &meme@@&mmve@mmduaem or
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of 205 t khdder ard cathodeufihée magmttmhramdlgle:hanges t dred tras may\affedtithe
el enent, by the s condaréD sem conduc %}%It chi n&‘ device, the auxiliary
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appl i ed tsecohd reguinefmentt semi conductor sw tch| ng 25 device can be
reduced. AC power supply is rectified to a DC power supply by a total wave

rectifier, and a frequency mmmmwopm—mmva\rnwm ating the frequency
in accor dance wi th the signal obtained based on the voltage of the DC power

supplyy is provided Tﬁeb%éﬂﬁlnvehﬂoﬁ'rélﬁ!ééto AB6wer Stip plﬁfﬂ*&rﬁmd‘b% netron
modul ation circuit Is Rrow ded 30 in the driving CII‘CUIt Thi s ows the

expansi orindligh frequeng:heatinggauipment: ages or powers for i npl ement | ng the

swi tching operation where the voltage applied to the WO 98/ 38836

PCT/ JP98/ 00751 8 nalhe higfsﬁesmﬂc;dnehthg)eqtﬁmmmymeipmmt invention or

bel ow. Electric ‘ffé s canfi ured Fcotrolled 8?} Qﬁ the ratio

of comprise power supply, a e_akage ransiormer connedted 1o tHe power
supply, a first semiconductor switching device connected in series to the primary coil

15 of the leakage transformer, a first capacitor, a series circuit comprising a second
capacitor and second semiconductor switching device, a driving circuit having an-
oscillator for driving the first semiconductor switching device and second
semiconductor switching device, and a magnetron connected to the secondary coil
of the leakage transformer. This configuration allows the adjustment the OFF time of

20 the first semiconductor switching device, the main switching element, by the
secondary semiconductor switching device, the auxiliary switching element. Atthe
same time, by the use of the auxiliary second capacitor which has a larger
capacitance than that of the first capacitor forming the resonance circuit with the
leakage transformer, the voltage applied to the main first semiconductor switching

25 devuce can be reduced.

AC power supply is rectified to a DC power supply by a total wave
rectifier, and a frequency modulation circuit for modulating the frequency in
accordance with the signal obtained based on the voltage of the DC power supply is
provided in the driving circuit. Moreover, a pulse width modulation circuit is provided

30 in the driving circuit. This allows the expaneion of the range of supply voltages or
powers for implerﬁenting the switchihg operation where the voltage applied to the



the ON tinme of pulses for driving the first sem conductor sw tching device
to that for the second sem conductor switching device, and at the sane
time, keeping the 5 frequency constant. This nmay prevent any increase i
I npédance WO 9MAE8360i | of the noise filter, resulting in a regedbésinrgyf the
drop rate of the cathode current dur8 ng decreased power. A |eakage
transforner having a tertiary coil for supplying the cathode current to the
magnetron, and the magnetron having a cathode with a filter consisting 10
of a capacitor and coil are provided. In addition, a starting frequency
set t i ngain fist semiconduetdri switchirgndevice i zerocsiurslownpedance of the coil at
starting is provided to the driving circuit. This enables the supply of

suf ficient curreBlectrit powecistdordigureditd I8¢ cohRoligtd'By chaRgibgeie Thtio afY
i ncrease in voltage acr-0ss the secondary coil. The present invention
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vol tage detector. |f the detected |evel of the capacitor voltage rises
above Rpise ey rgsvling ima redvetionhekthesyop rate\ef thei cathede curent dudngiesi gned
to sto érbﬁs@@ BWeiron' This 20 allows the instant breaking of the circuit

i f sparking oc?urs.' BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a circuit
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25 secondary coil of a |eakage transfornmer enploys the full wave voltage
dolb! ?f @ 6apacitarand coibaie proyided. ;15 addiior @ostAMNG TEeqiensy setting cirodit : age

V[ err ] ¢9f, r e ] he

ot rout 15 i rEUSHES 10'RB5GE iiBbaarit RN b ngde BIOVLST 151he "2 e
conver drvingcircdit.i Vhisenzblesthesypply ofsufficienyeulrent ta the gathodegard @y theeat i ng
equi pnent in accordance with a . V\%g%/ 3883& .

PCT/ JPRAING ]8R PLRVAIIS aBY MR5Eass NYJRAs.across the fecondany ol nvention. A
series circuit of a second senjconductor sw tch.ieg devi ce and a sgcond
capacitor is conhBEHREESER ivention ﬁgﬁﬁﬁgomprlsesa power supply, a coil

15 connected to the DC power supply, a capacitor connected to the coil, a voltage
detector for detecting changes in the voltage of the capacitor, and a comparator for |
comparing a reference level with the voltage level of the capacitor detected by the
voltage detector. If the detected level of the capacitor voltage rises above or falls
below the reference level, the driving circuit is designed to stop its operation. This

20  allows the instant breaking of the circuit if sparking occurs.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1isa cifcuit configuration of an electric power converter for driving
a magnetron employed in a high frequency heating equipment in accordance with a
first exemplary embodiment of the present invention. A rectifier connected to a
25 secondary coil of a lea’kage transformer employs the full wave voltage doubler
rectifier system.

Fig.' 2 is a waveform of a primary coil voltage VPp of the leakage

transformer for explaining the operation of the circuit in Fig. 1.

Fig. 3 is a circuit configuration of an electric power converter for driving
30 a magnetron employed in a high frequency heating equipment in accordance with a



prinmary coil of the |eakage transformer. Fig. 4 is a circuit configuration
of an electric power converter for driving 5 a nagnetron enployed in a

hi gh frequ /#g ing equi pnent in accordance with a third exe

enmbodi ment G‘R?y% ggpr esent invention. first capacitor is ngwll n
series to the primary coil of the Ieakage transforner. In other wor ds, the
first capacitor is connected in parallel to the first sem conduct or
switching device. Fig. 5is a circuit configuration of an electric power

caui prenpebind Beaiiihy ShedARAR St RBREEnioh S el RN 2odtBRy
i nvent i ogermicomductsr switching detict lamds® secohd capachut is tonnevted dsafesi®thee
and the second capaci tor and the first capacitor are connected in series

to the pprlmawquqftbe Qﬁi@gﬁéﬁﬁ&ﬁé@mﬂansfor mer, in other words, parallel to
the first sem conductor sw tching device. 15 Fi g. 6 s a
circuit configur at ifdg. 4is anireuiteonfigurption of abrelestrie poiver canvetiexfos driving

T b B ABh &SR ey i =i 845 nbE Abafile BAHRBIER i AbeBRRHGAWRE o ¢

connect eghir® ekBMpl@yEHBOdinREmt bf Ge bf&dmmohrﬂﬂféﬂﬂsﬁ@épﬁﬁf&rqys the hal f

wave voltage doubler rectifier system Is acircuit

conf i gur #onpacted inrsatiesdethe piavary C@dmféhe igakege tmnsfomela lme@;het Words,

I d th
S PR e G P R SRR e
reoti fer system  Hig: 58 e PRt daloR T B <ieRan Powel fonveter Bt Soving:
convapt erg ﬁﬁgn@ifoﬁ'é‘tﬂpl@ﬁedm E&ﬂ@ﬂr”e@;ﬁeﬁﬂ? h@ﬁﬁﬁg 'eﬁuﬁnd‘iél@thnfa[&am WiRE ng
equi prent in accordance wth sevent h exenpl ary enbodi nent of the present

i nvent i oriourrh@xgemmaﬁrpb@@me%pf theepresgrhbijventiomsAseries dreuidof thessegando

the be pacetyiFdl hiciRo deyRedid e scahatephetol ke st toir e ©

Fig. 10 iconmebtertin sbrizgtorthefprimatyicoilng the leakdgedtandformer i btivernesreds, WO

98/ 38836 PCT/ JP98/ 00751 10
conver t eParalieldpithe fisstsemigandigtonswitehing devit@ace with an eighth exenpl ary
15 Fig. 6 is a circuit configuration of an electric power converter for driving

a magnetron employed in a high frequency heating équipment in accordance with a
fifth exemplary embodiment of the present invention. A rectifier connected to the
secondary coil of the leakage transformer employs the hélf wave voltage doubler
rectifier system.

20 Fig. 7 is a circuit configui'ation of an electric power converter for driving
a magnetron employed ina high frequency heating equipment in accordance with a
sixth exemplary embodiment of the present invention. The rectifier connected to the
secondary coil of the leakage transformer employs the full wave rectifier system.

Fig. 8 is a circuit configuration of an electric power converter for driving

25 amagnetron employed in a high frequency heating equipment in accordance with a

seventh exemplary embodiment of the present invention. The secondary coil of the
leakage transformer is divided into two parts and a center tap is provided.

Fig 9 is a voltage waveform VD¢ of the DC power supply whichisa’
rectified AC power supply. |

30 Fig. 10 is a block diagram of a driving circuit of the electric power



enbodi mrent of the present invention. Figs 11A to 11D are waveforns rel ated
to the driving circuit in Fig. 10 wwth tine t plotted al ong the absci ssa.
Fig. 11Ais an output voltage waveformof a 5 VDC detector 65, Fig. 11 B«
is an out pwossssmbor m of a frequency nodul ator 29, Fig. 11 @crapdsa@yef orm
of saw tooth wave generated by an oscilDlator 30, and Fig. 11D is an out put
waveform of a pulse width nodul ator 28. Figs. 12A to 12D are waveforns in a
driving pul se signal generator 31 shown in Fig. 10. 10 Fi gs.
13A to 13C show the case when pul se wi dth nodul ati on and frequency

modul at i eonverter for diving Fhemagnafronsinaccotdarge witly ah @ighthfexensplBy power
supply, Fig. ;1 3B is an anode curfent waveform of the magnetron, and Fig.
13C is a® Enent e the praset IYRNUSR. hower supply. Figs. 14A to 14C show t he
case when there is_no {)ul se width 15 nodul ati on and frequency nodul ation.

Fig. 1 4A is a vol Figgel Uil dPArerwavaiormas pelatad oupgidriving eircuitip Fig. 40

of *t e cfidimg TUENEHRIGhg I oGBARE" Bl8, 15As Broudifyortads bR I T O
t he nagNYPdetdotar. 65| Fig.s1 B 6 an outputiwavefomo bf a fiéduetey enbdulattr 29 Fg. -

detecting a voltage 20 V[err] of the first sem conductor sw tching device
3. Fig. 171@ is=a wavefoohaf savftootewaveigeneratedhy] ardseillator B0s and drig.coiisct or

switching deyice 3 .a Fiag. 17B.i.s . of output voltage of the VCE
det ect orgQQU¥W'Ct .a\’ﬁgo'i[}g 05,33?4'%%59a‘§dﬁ?&@éf‘{£‘wn of an electric power
converter for 25 [ivi a netron | qyed,i.n a high freguency heatin
equi pnment in accor Qﬁ:é%tph@ﬁf‘m"ﬁw@ I5,3,drving AU §'QBPPQW%M§’QM _ )

i nvent i 0grolh$s Figt 197 to 19D show exenpl ary waveforms of -operation when
spar ki ng occurs BDetween the secondary coil term nals of the | eakage

o T it o o 1586 SRR plids b noiERcH ke
PCT/ JP98frequsrcyl inadsilationdtake piacenvEigon 8AdS avaliageovavefofih of fhg DCLRGWes an
out put 3138381';: '@%v%grén a%far?ode current waveform of the magnetron, and Fig. 13C is a

current waveform of the DC power supply.

Figs. 14A to 14C show the case when there is no pulse width
15 modulation and frequency modulation. Fig. 14A is a voltage waveform of the DC
power supply, Fig. 14B is an anode current waveform of the magnetron, and Fig. 14C
is a current waveform of the DC power supply.

Fig. 15 is a circuit diagram of a filter used in the magnetron.

Fig. 16 is a circuit diagram of a VCE detector 45 for detecting a voltage
20 VCE of the first semiconductor switching device 3.

Fig. 17A is a waveform of the voltage VCE of the first semiconductor
switching device 3, and Fig. 17B is a waveform of output voltage of the VCE detector
45, '

Fig. 18 is a circuit configuration of an electric power converter for
25  driving a magnetron employed in a high frequency heating equipment in accordance
with a ninth exemplary embodiment of the present invention.

Figs. 19A to 19D show exemplary waveforms of operation when
sparking occurs between the secondary coil terminals of the leakage transformer.
Fig. 19A is a current waveform of the first semiconductor switching device 3, Fig. 198



conparator 54, and Fig. 19D is a voltage waveformof a capacitor 60 (shown
in Fig. 20) formng a stop judgment circuit 19. Fig. 20 is a circuit
conflgurat sz; %n el ectric power converter for 5 driving a nagnetron
enpl oyed in a I'g frequency heati ng equi nt in accor dancePGIAPP8&0TNnt h
exenpl ary enbodi mrent of the present inventlion. Fig. 21 is a circuit
configuration of a power supply for driving the magnetron of a high
frequency heati ng equi prent of the pr| or art. Figs. 22A to 22D are

vvaveformsfor expl ai ni ng,oper tlon riving .the
magnetron ofS &\ Hﬁﬁqef’faé’%&’ﬁl %ﬁﬁm %ﬂ%&eﬁéd ap%ﬂﬁﬁ* %9“3 ‘f’a" P&“g‘%f’ﬂ&
the 1 GaT - RegTRAS zééﬁ{'?“gb"?f'ﬁ%r@g% IS pYORAGE Welveloith o BrUBpRAOPRO SELAIH Y.
t ransf or mer 20annngaetgmu@gmeobcxr@unﬁ vol t age waveform of the I GBT. Fig.

23 shows characteristics in the relation of voltage V[err] between 15 the
anode and cat hode of tHig. chmt eoﬂﬂguratlenaﬁaneaiecmbqrov}er d?Jrg!ertQ#thOWS

characteri st] cs |nat SItIO ha the vplt eVAC bet ween t he
anode andl ¢ emRIged it & ok %egnsn%ﬁﬁa? G eGHIAMANL ageordance
magnetron. ké’rﬁh%&leﬁfpl%&%ﬁ%ﬁ%ﬁ% ENEPrbdéAYin First

exenpl ary enbodi nent OWs a circuit "'diagramo an el ectric power

converter for driving

equi prent in a first e@gnffa&%cge ﬁ@hﬁ%@ts{;ﬁtoﬂg%%%nfeé | venqgli‘gﬁé&%e
hi gh frequemagrhetedn obadigh frequéncy hedting equiprent b tlas prienaatdi nent
conprises a DC power supply 1, a |eakage transforner 25 2, a first

sen conduct or swi t chi rEjgslea2A e §2Dfaréwa5iefmfdrtékbla4mn§ cﬁﬁ?ﬁ!’@h§m'ﬁdiﬁer
5, a second seni conduct or swi t chi ng device 6, driving circuit 7, full

wave vo|19agemlyoiomrwmmﬁmageetr%efah\sigfreguencsehe @mmmemmmhesmor

appl i ed to S dPeAl abent SBVetorEo R, HF 2ot gl BEhaLWEleroRH”
connect ed i ofthe ilcaBTL Figp 220 isl 4 ptimary coil VOltagé/Wa%fo?ﬁBSﬁthe leakage transformer,

PCT/ JP98/ 00751, 12 risi the first capacit a primary coil of
the | eakage and:figs §z§§ (;]%ctorvoltage wavetorm of the Iéﬁ? P Y

Fig. 23 shows characteristics in the relation of voltage VAC between

15 the anode and cathode of the magnetron and anode current IA.

Fig. 24 shows characteristics in a transitional change of the voltage
VAC between the anode and cathode by time from start-up to the normal oscillation

of the magnetron.
DESCRIPTION OF THE PREFERRED EMBODIMENT
20 First exemplary embodiment
Fig. 1 shows a circuit diagram of an electric power converter for driving
a magnetron employed in a high frequency heating equipment in a first exemplary
embodiment of the present invention. The high frequency heating equipment of the
first exemplary embodiment comprises a DC power supply 1, a leakage transformer
25 2, afirst semiconductor switching device 3, a first capacitor 4, a second capacitor 5,
a second semiconductor switching device 6, a driving circuit 7, a full wave voltage
doubler rectifier 8, and a magnetron 9. AC power supply is converted to DC voltage
Vpc from AC voltage by the full wave rectifier, and applied to a circuit where the first

semiconductor switching device 3 is connected in series to a parallel circuit



series circuit of the second capacitor 5 and the second swi tching device 6
Is connected in parallel to the first capacitor 4. The high voltage out put
generated in a secondary coil of the | eakage transforner 2 is.converted to,
hi gh DC voWwoagaséyg the 5 full wave vol tage doubl er rectifiib s1
appl i ed between an anode and a cat hod¢2of the magnetron 9. terglary Coi
of the | eakage transforner 2 supplies the current to the cathode of the
magnetron 9. The first sem conductor sw tching device 3 conprises an | GBT
10 and a diode 11 connected in parallel to the I GBT 10. The second

sen condssthpfisihg the first ?aeut@ieq/ nAd Oprimady 66IBS t I'@Eléaﬁagt;é tiBhsfopmaR @, aadi ode
12. The driving circuit r

has an oscil | ator for%&ene driving signa
for the ggrias cigault ofdhasecend @ﬂpaelmrr@aad\ihe@ego §Mtﬁ@n§e€?§wﬁﬁ 8dsvi conduct or
switchin t fJjed
f requenc%'ﬂ%c#t% 'Pp?':mg ) Bﬁg ﬁ[r%taéaﬁalcgcl g mbh%gﬁéﬁg%hta@t&ﬁ@%mh@ct or
SWi t chi nsbdmda:?c&l oftticleakage trafsfdrmer2vigrdorwerted e high DCwolthgevbynthesi gnal
for the first sem conductor switching device 3 is supplied to the second

seni cﬁondiy@t\MaV%w a0 doyken rectkiiey 8, ARG @mw&bﬁwesn anrnede and a catAee ¢
vl)Igt ag e Ppﬁb?sﬂ }I&g%rEgé};é?r ans Fgﬁﬁéﬁ%ﬁéﬁ%@nﬁ%ﬁbﬁgﬂ - Eg%\% F?QSQ‘ r\9[ err]

of the fihmchatbedemmmmagnem.!hta‘.hi ng device 3 can be defined 20 wusing this
primary coil voltage Vp and the voltage V[err] of the DC power supply 1 as

fol lows: V[err]=V| E’hé]ﬂrét[ﬁmlbonductor swﬂchmg devideF8 ¢aiviprizes)an IGBT 103and
collector current I[err] flows throug rimary coil of the | eakage

]Eransformocie M@ﬁnnﬁeteﬂ@vawlqlsotm HéBTo &ﬁééwmse?ﬂ@@ry@laﬁ@e of the
to the ageﬁ%%‘b@@?ﬁﬁ%%*%ﬁﬁﬁ%&ﬁ%ﬁ%ﬁ%ﬁé& T0°1s torhed on.
E?:%E&;?a;ﬁp‘;f"y' " ToR Rt s hrEdetilth PR eotating 8 ohpiRg Saitesih,

coi | out g firet séincdrritkctrewitchirt] deviee 32am met Qemdléém@bnduct@P%Wltbmhgﬁ of
the full wave voltage doubler rectifier magnetron 9 30 starts to

osci | | at de¥iRa & nEhighsellatorgensrates the §'9"l?| W"GW speeified fregheneyAnd duiele vo+
VO 98/ 38§§;§pl§y?rhe driving signal to the firstEerhitBRaLeldf §3vntchmg device 3. A delayed and

15 inverted signal of the driving signal for the first semiconductor switching device 3 is
supplied to the second semiconductor switching device 6. |

The operation of the circuit shown in Fig. 1 is explained with reference
to a waveform of the primary coil voltage Vp of the leakage transformer 2 shown in

Fig. 2. Voltage VCE of the first semiconductor switching device 3 can be defined
20 using this primary coil voltage Vp and the voltage Vp¢ of the DC power supply 1 as
follows:

VCE=VDC-VP (Equation 7)

First, a collector current I flows through the primary coil of the leakage
transformer 2 when the IGBT 10 is turned on. Since the voitage VCE of the first
25 semicbnductor switching device 3 is sufficiently small compared to the voltage .VDC
of the DC power supply 1 while the IGBT 10 is turned on, the primary coil voltage Vp
is nearly equivalent to the voltage VpC of the DC power supply 1. This is a period T4

in Fig. 2. Here, the secondary coil output of the leakage transformer 2 starts to
charge a capacitor 15 of the full wave voltage doubler rectifier 8. The magnetron 9
30  starts to oscillate and the anode current starts to flow to the magnetron 9 when Va+



V3 reaches: V[err]+V[err]>V[err] (Equati on 8) where
V[err]: Initial voltage of a capacitor. 14, V[err]: Voltage of the capacitor
15, ‘and" 5 V[err]: GCscillation starting voltage. Wen the
first sem CONGUCTr switching device 3q4s turned off, the c P ERROBORSI
primary coil of the | eakage transformer 2 starts to flow toward the first
capacitor 4. Then, the secondary coil output of the | eakage transforner 2
starts to charge the capacitor 14, and the primary coil voltage V[ err]
reduces P g%%\#ré by a 10 period T2 in Fig. 2. The nagnetron 9 starts to
osci | | at &% When Equation 8 is satisfied. Wien the voltage of the first
capacitor 4 reaches the initial voltage VS of _the second capacitor 5, the
diode 12 in the secéatV3a¥Bdbnduct or swi tchi {EHEUPRB)6 turns on, and
chargi ng of the second capacitor”5 starts. The primary coil voltage V[err]
becomes as shown bywherecVoohitied voltage of aZapabitor 14, The second '
capacitor 5 is designed to have | arger capacitance than the first capacitor

4, and therefore, redught Qgitahe bithe/CapadRrds bRg the period T3 is suddenly
noder at ed. \Wen the cuyt?ent t? nni ng ?é%mthe brlﬁrrary coil of the | eakage

transforner 2 to the segond.capacitor .5 starts to run fromthe second

capacr”tor 5to the pri %ML ﬁ?'ﬁ? '%&Fﬁ@%%ﬁf%y, the primary coil voltage
V[err] noves onto a period T4 20 in Fig. 2. At this point, the IGBT 13 in
t he second semni conddthenrthefirstsemigonducios switehiporderice 3 istumedfti the,. \Wen

from t he TcR 15 e By 58y BP i fesRAak siFefifmes 2 Rt B Houb oW b hsrer
2, and _thsa'g%hmy T, the beeardary eoli outputrof ahe Sedlagenyansioime 2 Rt
Tl[err] in Fig. 2. During the period T[err], the voltage rises rapidly. Wen
thi s vol tehwede he rapagitor 14ypad the pringary sidilypitage \(méeq?tmst as;shewBYR t or

ooy B oobeiBY 543 2 e AShbRr e BB o GRITMRA el S B
sem conduchified “WiRBh tfle YBKAGE oP tiMMisT cabaditirs RRIcRES 118 irttiaISAiag8 VS of
swi t chi ng operation which en es a reduction of swtching ['oss. “The

initial wpblse@endySaphcitines,r6 divtiec i@ irtthemecbnd Senvioohduser shitsting Bevice 6
determ ned by the specified WO 98/ 38836 -

14
PCT/ JP9s/opsen; angd charging phihesacongd capagiton i starts. nEhe pematy seilveliaee Mpor

SW t Nl NG, IRVhES a8 shidwn by aperiod T3 in Fig. 2.

15 The second capacitor 5 is designed to have larger capacitance than
the first capacitor 4, and therefore, reduction of the voitage during the period T3 is
suddenly moderated. When the current running from the primary coil of the leakage
transformer 2 to the second cépabitor 5 starts to run from the second capacitor 5 to
the primary coil, on the contrary, the prirhary coil voltage Vp moves onto a period T4

20 in Fig. 2. Atthis point, the IGBT 13 in the second semiconductor switching device 6
may need to be turned on. When the IGBT 13 is cut off at a specified time T3, the
current starts to flow from the first capacitor 4 to the primary coil of the leakage
transformer 2, and the primary coil voltage Vp'increases to move onto a period T5 in
Fig. 2 During the period T5, the voltage rises rapidly. When this voltage reaches

25 VpC, the voltage of the first semiconductor switching device 3 becomes zero in
accordance with Equation 7. The same operation is repeated from the period T4 by.
driving the first semiconductor switching device 3 again at this point. This realizes a
switching operation which enables a reduction of switching loss. The initial voitage
Vs of the second capacitor 5 as mentioned above is determined by the specified



turned on. Specifically, the initial voltage Vs of the second capacitor 5
reduces as the ONtinme of the second sem conductor switching device 6 is

extended, resulting in reducing the voltage of the first sem conductor L
SW tchi ng Wewg8ss3e. S As expl ai ned above, the % }ipSenly t he
first sem conductor switching devicg43, or the ONtine of the second

sem conduct or switching device 6, can be freely settable which was not
possible with the circuit configuration of the prior art. Furthernore, the
vol tage of the first sem conductor switching device 3 can be clanped by

provi dfmg Ti4in the PeiddCPPatwhivh ﬁevséobnats‘e‘m:eoﬂmmr bwhalsihgtRevoy 6 @hce than
10 that of the first capacitor 4. Second exenplary enbodi nment Fig. 3 shows.

a ci r curnedipagSpecifically, thedaitial \tolmmevs sfithe secand capagitor §rreduces ag a

oo SRR RTRAEE e Shonp i FFE i hg REVER'S 8 BREnded Fegiifh

conpongaugirgatiie vaitabe @i the firstisemidorductor switctiing deeive Jiuner al  codes, and
thus their explanation is omtted here. A point different fromthe

corgf i guration i naAiggplalnédabbvé, thE OFR HATE oFhE ENSBIAIcOndNGIcr SWittBirgeVi ce 6
and the second capaC|tor 5 which are connected in series are connected in

ser i esdevice Beopthen@Ntinoeiaf the sepend saricpnducier-swiiohing deviee & GaRdig ed i n

Poer o sl SRR WhBhyfes nFEbGIBR AR ol et ofine BIRIAE o 1"

pri mar Fugiérmere, tﬁmélmjmhérmssémimndacmév\mbmr@m S8aanthé or 5 passes

through the DC power supply 1.in the circuit in this exenplary enbodi nent

dur i ngclpampesday providing thesacongicanagitar b wiim suficigptl Y@F@V&ﬁﬂacﬁﬁngﬁﬂ"a’bakage
259 ”ﬁl’éﬂ)?fﬂ?frsggéﬁa&?ﬁfecond capacitor ‘5, and, on the contrary, fromthe
O &

second capaci e primary coil. Oher characterlstlcs are the sane
as the circuit ig Y. epbodi nent. I n case of the CIrCUIt
configuration in -nt, a pnp- type transi stor
preferably be us s 30 oned as

a l ar. tor exa
t he second sem cg%léﬁ FEWFhE%G% &f?ﬂa?le oy n%) SA‘WQ%FB'?V er
98/ 388dfving a magnetron employed in a high frequency heating equipﬁﬁﬁtiﬁ’%ﬁ’dé&@ﬁal 15

exemplary embodiment of the present invention.

15 in Fig. 3, components same as those in Fig. 1 are given the same
numeral codes, and thus their explanation is omitted .here. A point different from the
cdnfiguration in Fig. 1 is that the second semiconductor switching device 6 and the
second capacitor 5 which are connected i-n_ series are connected in series to the
primary coil of the leakage transformer 2 and connected in parallel to the first

20  semiconductor switching device 3.

Compared to the operatioh of the circuit in Fig. 1, the current which
flows between the primary coil of the Ieakége transformer 2 and the second capacitor
5 passes through the DC power supply 1 in the circuit in this exemplary embodiment
during periods when the burrent flows from the primary coil of the leakage |
25  transformer 2 to the second capacitor 5, and, on the contrary, from the second
capacitor 5 to the primary coil. Other characteristics are the same as the circuit in the
first exemplary embodiment.

In case of the circuit configuration in this exemplary embodiment, a
~ pnp-type transistor may preferably be used if a bipolar transistor, for example, is
30 employed as the second semiconductor switching device 6. if MOS transistor or an



| GBT i's enpl oyed, a p-channel |1GBT may preferably be used. However, this
circuit configuration allows the sane electric potential to be maintained
for:the em”%) Wf the first sem conductor switching device 3 and the
second sen! ol or switching device 18. This prevents high RGH/ROR/PO751
potential for the second sem conductor 5 switching device 6 conpared to
the configuration shown in Fig. 1, thus allowing to design a driving
circuit w t h | ower withstand voltage. Third exenplary enbodi nent Fig. 4

shows a ' | am.o Iy n f L\ ng a
rmonet 1 AGEE mIcHRENE Eondihdl IGBT oy ARIraBYIHE se T HcheRr, s i

exenpl aroorﬁilghmtidreauowé thensame adectric ipotential ¢ bemaintained forcheramitiers ofhi ch
are also found in F| 1 are jven the_s nuneral, codes, and thus their
expl anat thefi rstssesmcpn Hetos swite %WC%?@'E@&SQCP&R\ serricepdueigr BWitting; n

Fi g. [ the first
sem con c\{iéoélksvwﬁs hfé}v?n&%@@éér@ﬁfe{édténﬂﬂ'?é‘leﬂeeééﬁ]q'i‘ldf?{rﬁ#cbﬁb%@ current
runnisng switgHimg tievise a:emapataﬂtoﬁhtecnmﬁ@lratiomslgbwm fire FigC 1p tives albowipgytol. | f
an | GBT or transi s or n . the first sem conductor

sWi t chi n‘gew ving eireiibwith '%WEEW{§¥ nga‘f%tégﬁance bet ween the col | ect or
and emtter in casg of an | GBT and the drain and source in case of a MOS
transistor. Accor dlhigdexemplary etabodiment of the first capacitor 4 can be

designed 20 snaller for anarmunt eU| val ent to the capacitance which
exists in the firsFigsé4rahowsda cireuit disgrami ofproelectric mowsr ssmmuecoqutarrfer

3. Four 1 RR A ARYBRR BRARYad b & Mol ihBleia ey Bhdbai i 3 Ry e °°

el ectyr | CemnpraryﬁunmddnmeﬁvcrmrpréeenﬂﬁvedﬁwI ng a magnetron enployed in a
hi gh frequency heating equipnment in a fourth exenplary enbodi nent of the

present invention.f Pig':wcorﬁpoﬁéht%hvlﬂéﬁ afé 8Ro'fBURd in FlgFH Qare bl@rﬁhG's‘éﬁi‘e the
sane nuneral codes, and t their explanation is omt hére. Points

di f f er enoumerahcodescand try,mfaeircﬁxmanatw@ is praitied hese. Atmlsb@ﬁatent from the

" sort cconfirat BERE IR g otk e 1S PRARRBATR et o fROBEL,

PCT/ JP98ééitohductor switching device 3.

15 This allows the current _mnnihg to the first capacitor 4 to pass through
the DC power supply 1. If an IGBT or a MOS transistor is employed in the ﬁrst'
semiconductor switching device 3, there is a cértain capacitance between the
coliector and emitter in case of an IGBT and the drain and source in case of a MOS
transistor. Accordingly, the capacitance of the first capacitor 4 can be designed

20 smaller for an amount equivalent to the capacitance which exists in the first
semiconductor switching device 3 by connecting the first capacitor 4 in parallel to the
first semiconductor switching device 3. '

Fourth exemplary embodiment

Fig. 5 shows a circuit diagram of an electric power supply converter for
25 driving a magnetron employed in a high frequency heating equipment in a fourth
exemplary embodiment of the present invention.

In Fig. 5, which are also found in Fig.'1 are given the same numeral
codes, and thus their explanation is omitted here. Points different from the
configuration in Fig. 1 are that the second semiconductor switching device 6 and the

30 second capacitor 5 connected in series are connected'in series to the prjmary coil of



16 the | eakage transforner 2, and that the first capacitor 4 is connected
in parallel to the first sem conductor sw tching device 3. In other words,
this is the conbined configuration of those shown in Figs. 4 and 5 to. makee
use ‘of bot Wwoeshspsdsages. Wth this configuration, high el ect rdceypebsesi al
may not be applied to the 5 secondl&eni conduct or swi t chi ng device 6,
allowi ng the design of a driving circuit with | ower w thstand voltage.
Furthernore, the capacitance of the first capacitor 4 can be designed

smal l er for an anpbunt equivalent to the capacitance which exists in the
first sdéne sakagetransformert, apddhat the fibst deipacitor4 sqormectedinopanatiektothe

Fig. 6 gh ' it di f | ectri : I t f
dr 1 vi ng TELREGEPRENEIoR AWBGERG devieers-ofn e wards. YisBithG combigdn: i n
fifth eé%ﬁﬁ{;éféﬁoﬂ%ﬁbé@@hoﬁﬁ iﬁ PRys? @eaRS th MK LS8 of b’Bﬂf cg%aé'gggéé’”pone-”t S

whi ch are ar'so found In Fig. are given the same nunera and thus

their explanation y ot ol i f -
configuration in e@hqqkiégﬁﬂﬂgﬁénf ﬁigfi f%llgttét}'lgf%&%ﬁgﬁygndo tt%eoﬁfgié?et&mgar y
coi | 50f sebondsakdcenduciosswitohing device; alimwing the designaf aldrivimg circuit with 18

and enpl oys the half v ol.tage doybler rectifier, system The capacitor
1751 o b iabeewitbstandyollBae. urtharape S FAPATIENGR Al MRt CaPRCHAN4 GAl RE

First sepy Qﬂeﬁ%éﬁ Biitfurf @4LRAI ﬂé;ﬁ%&sﬁ@% ch bRstsSiHThe firdthe

vol tage gerterated I n e secondary call o e;vﬂgge transforner 2
and t he seaticanductor switching devicer3.17 drives the magnetron 9 while the

sem conduct or switching device 3 is turned on. A supplenentary explanation
on full wave vol t &jtth m rembodii ion, which is a rectifier system
enpl oyed in the configuration showmn in Fig. 1, is given next. In Fig. 1,

the jgapaci tor 15 imigchaheas doirdutadiaglant o ad Nsdtas pewed supplycRrvenar for25
coil of the |eakage transformer 2 while the first sem conduCtor swtching

devi ce 3riving arpegnelron emplayed is@migh fraquengy heaiieg aauinmant ibra fifie
ccondarsyeR R RR;FmBRUREn, S ind Rt MvehtiopC, 0 2O a Capaci tor 14, and
wni 1o the first sambeneuerppolnBWiingaEREUbERy R 1. { ge aler e " °
same numeral codes, and thus their explanation is omitted here. A point different
15  from the configuration in Fig. 1 isthata rectifier 16 connected to the secondary coil of
the leakage transformer 2 comprises a capacitor 17 and a diode 18 and employs the
half wave voltage doubler rectifier system. The capacitor 17 is charged by the
voltage generated in the secondary coil while the first semiconductor switching
device 3 is turned off, and the sum of the voltage generated in the secondary coil of
20 the leakage transformer 2 and the voltage of the capacitor 17 drives the magnetron 9
while the semiconductor switching device 3 is turned on.

A supplementary explanation on full wave voltage doubler rectification,
which is a rectifier system employed in the configuration shown in Fig. 1 , Is given
next. In Fig. 1, the capacitor 15 is charged by the voltage generated in the secondary

25  coil of the leakage transformer 2 while the first semiconductor switching device 3 is
turned on, and the sum of this voltage and that of the capacitor 14 also drives the
magnetron 9. The voitage generated in the secondary coil of the leakage
transformer 2 charges the capacitor 14, and the sum of this voltage and that of the
capacitor 15 drives the magnetron 8 while the first semiconductor switching device 3

30 is turned off.
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Si xt h,exenpl ary enbodi nent Fig. 7 shows a circuit diagramof an electric

power supp ter for driving a magnetron enployed in a_high frequency

heat i ng eqm% In a sixth exenpl ar w-enbodi nent of the pr egﬁ'ﬁﬂl’?w&-ﬂtion.
In Fig. 7, conmponents which are also found in Fig. 1 are

given the sane nuneral codes, and thus their explanation is omtted here. A

point different fromthe configuration in Fig. 1 is that a rectifier 19

connected to the s mdéagmg&%ﬁ@_gﬁ%heakage transforner 2 conprises four
di odes bridge and oysS t rectifier system The nunber of

X1
Cyst om may 1 equ 1o TaReoYs BioieUR ST o BBEE HGet Supp e tonage

t ransf or gRting'h HEyrEdoh éﬁﬁbfé;'/' 8'in 2y _flié&]uﬁ'hey hbatihl§ eRjufmehtinSa 8ixtiPVs 10

drive the magnetron 9 in both cases While the first sem conductor sw tching
devi ce 3exemplanyambodiment of the prasent inventionsame as the configuration in
Fig. 1. Seventh -exenplary enbodi nent 15 : 'Fig. 8 shows a circuit
di agram of an el ectnifig.ptywempongnty which/arg alsoffoundrinfigg! aregivest then

o oo s T ke A e e e s R A perRTSTe A o
found i “fr%hgthelc&{fgﬁgﬂcﬂﬁﬁﬂﬁ. $ R Pab 4 78étHerq g(wmee;éa fohH% sfe%hpaal coil of
fTe ere. romthe conftli

expl anation 1s om A point difrerent 20 uration
in Fig. the leakiage transformeniaomptises faur diotdes brigge andnamplaysrthedull waveg. 8
Is divided into two rts apd a.center, tap 21.is proyided.  Two . di vided

coi |5 ar EclRE Bystedy e uRer St G tné SBesridary st M eaatB wenSidier
sem ¢ondGhahisSYsterin. F’éﬁaﬂil@a&m&wiw aethaR of tie 866bNdarycondt the feskage N9
the magnetron 9. A diode 25 is turned on

. % > on while the first sem conducto
swi t chi nfaasforoerdn e corfiguratiea sbewn:io Figpl .y Hawevegcthissaliows (o dive the

Frgs. 1, Toonetsh & REBEHh Soerahi il rsEsericonub e Swithtd doies 8mg
consuned ohyarid bff] whidh'ie thagante a9 tie confijuratiomin Fige 1capacitor of the
rectifier connected to the secondary coil while the first sem conduct or

swi tching device 3 &y xb amb f. This 30 inproves efficiency
of the use of the |eakage transtorner. '
15 Fig. 8 shows a circuit diagram of an electric power supply converter for
driving a magnetron employed in a high frequency heating equipment in a seventh
exemplary embodiment of the present invention.

In Fig. 8, components which are also found in Fig. 1 are given the
same numeral codes, and thus their explanation is omitted here. A point different
20 from the configuration in Fig. 1 is that the secondary coil of a leakage transformér 20
in Fig. 8 is divided into two parts and a éenter tap 21 is provided. Two divided coils
are closely coupled. ‘A diode 24 is turned on while the first semiconductor switching
device 3 is turned on to apply voltage for driving the magnetron 9.

A diode 25 is turned on while the first semiconductor switching device 3
25 is turned off to apply voltage for driving the magnetron 9.

The common characteristics in the cdnfigurations shown in Figs. 1, 6,
7, and 8 are that energy in the leakage transformer 2 or 20 is consumed by driving
the magnetron 9 or charging the capacitor of the rectifier connected to the secondary
coil while the first semiconductor switching device 3 is both turned on and off. This
30 improves efficiency of the use of the leakage transformer.
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DC power supply 1 in Fig. 1 is generated by rectifying the AC power supply.

The. vol tage waveform V[err] of the DC power supply 1 will be-as shown in .
Fig. 9. Awepssssid in Fig. 9 is the period of the AC power p@@#} d the
peak voltage V[err] is [err] time of 18e effective voltage o power
supply. Since this 5 vol t age waveform changes from about OV to 'V[err],

t he resonance energy al so depends on the voltage VDC of the power supply 1
as described in the prior art. Specifically, the resonance energy becones

Feduce vol t ags Z;"?;m‘?f‘?ﬁ‘és?‘“’md‘?%ﬂ‘ o ne e e e on O
?gﬁolrjgl A "‘fﬁre;j#ﬁ’@ﬁ é’é’i‘aSﬁMqV oy étg‘ﬁl[i PE;Y_" WﬂWQ?ﬁﬁh?‘?V?g;/i ce
Sﬁm condﬁ%ﬁf Aﬁ?éﬁ@?@%& %Zﬁiﬂ %%’?‘ﬁéf@@p%%’% sﬁ}? *ﬁ)&ﬁg‘? ‘{% | n.cr ease
ermood nSRaEB AR of2 el of SR ESeveARRGE B G ACCH AL STSRSBEK tis

expl gi nivyfage \rJévefoﬁfh ¢haRgex oM abyut 16 MIBAK, e reeBnahes efbrdywisat i on. An

i nversion and anplification circuit.26 and an arrpllfler 27 receive the

out put sde_pmd&ﬁnme\mm‘égomftbe pawertsupplyet es deseribedimyee pfierat. of t he
DC power_ sup A pul se wi dth npdul ator 28 receives the output of the

i nver si &p%ﬁugcaiwpther eSenABRee enpegy becames; smalier ?%él’t%ﬁ\éi}P'W@llﬂﬁ% becomes.
receive rﬁgﬁ’ero a?d’ri%ﬂfn?él%edtﬁﬁﬂit'té ?&%&7 Y%lélbfeo Iie’d%%e}%ni@grﬂ%ﬁf i‘f es a

saw toot waveé requency se uency no
dri vi ng gwitching device tgeero. aﬁkcmrﬁmglﬁttm woltagesapplied tothplsemiconduetor f or
driving the first semc nductor W|tch n dev ce 3 and. the second
ser KoncRmicing devissican Beseckeeq 10 7rio mpre Pagliviy SueapinaihediNEma ofther | <
desi gnedkrgp llfbr sWcilrig/dd\fc o) §§tﬁé§ﬁﬁbl Yolth | t by.
t he pul ggéwsﬂﬁ[ﬁh geﬁator and I n accordancey25 anéw&lﬁe&ﬁn\gg%ge%ct@%set
by the oesbhanceenemy oidhe, Iewagaqtnansforme&keep a constant current | in the
| eakage transforner 2 without being affected by the supply voltage V[err]
(vol tage of the DEjginie ary embodimentni ned. The supply vol t age VDC can
be defined: [err]

Fig. 10 shows a block diagram of the driving circuit 7 for explaining an

15 eighth exemplary embodiment of the present invention. An inversion and
amplification circuit 26 and an aimplifier 27 receive the output signal of aVpC
detector 65 which detects the voltage VpDC of the DC power supply 1. A pulse width
modulator 28 receives the output of the inversion and amplification circuit 26, and a
frequency modulator 29 receives the output of the amplifier 27. An oscillator 30

20  generates a saw tooth wave of the frequency set by the frequency modulator 29. A
driving pulse signal generator 31 generates a driving pulse signal for driving the first
semiconductor switching device 3 and the second semiconduétor switching device 6.
The driving pulse signal generator 31 is designed to generated the driving pulse
signal with the puise width set by the pulse width modulator 28 and in accordance.

25 = with the frequency set by the oscillator 30. |

Next, a condition to keep a constant current | in the leakage
transformer 2 without being affected by the supply voltage VDG (voltage of the DC

power supply 1) is examined. The supply voltage VDC can be defined:

Vpe=+/2 EgSIN(wt)
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E[err] is an effective value of the AC power supply, [err] is the angul ar
freduency q C power supply, and t is tine. Since the current | of the
| eakage tf»ghs#% 8rr3§r can be defined acpprding to Equation 2, PREMEIF0§751
Equation 2 may need to satisfy the following in order to keep 5 t he
constant current in the | eakage transforner w thout being affected by the
voltage: [err] where T[err] is a specified value. Accordingly, the output

O T e VL irlerd I A effcivg valig bf i ACHABH Py 1D thOSnpliee o O

and anplification circul then 1nput to'the

modul at g—@qggncgbgmy)\oaﬁéwéréﬁpﬁ]ﬁeaﬂdaﬁgqgﬁe_transforrrer 2 is kept constant
regardl ess of the supply voltage VDC by having the ONtinme T[err] of the

sem conduct or sw teghj , | ' ﬁﬁ,@ﬁ, | 4 ' he ON
time T[err] of theSi ﬂ?#g?%g‘yﬂéﬁmyte@ghgég%{srgtﬁ e s\uéggﬁﬁrb\%loﬁfgigég %B%F@géorres

| over, tdEquation@, TQigyn bepdtion 2oaayueed torsatisfy the followinglih order tiskeege
frequency f may need to be reduced. Therefore, the output signal of the VDC
det ett otheconstapteurrentdn thy laakaga tansiormer withaut beingAffegted by the veltage:
frequency nodul ator 29 so as to increase the frequency as the supply

vol tage V[err] inckonsde/SIN(at) 11 A shows 't he out put voltage wavef orm VDC
of the VDC detector 65. It is an envel ope based on the waveform created by

full wave rectifi%é@nr(?fs%gﬁ dfled Aalygover supply. Fig. 11 B shows an -
out put waveform V[err] of the ?requency nodul ator 29. Fig. 11 C shows a saw

?2°2fe2’?23 based ACEAHERGH, TR SLRMraT BFR VBg detesfor B inffee %ﬁgﬁﬂi B
vaver or Erfited bypine e fort Bnttehplication el 28, e hipdfo M AlLkE
wav 0 or wigthomesisilatgr 28pTeeeutrent | in thedeakage ansformer Riig kept censtant or 31.

modi at FeveIciess & e SuRRl Voo YpRtBy avBaiea lvaig TN eRS Ll s i ae
modul at Qe ABoh udthPswitdiing v Wakcity fietondverdoriiifi, @ VD 98/ 38836

PCT/ JP9
Since the ON time TQN of the driving pulse extends as the supply

voltage VDC becomes lower, the period T may need to be made longer. In other

15 words, the frequency f may need to be reduced. Therefore, the output signal of the
VD detector 65 is amplified by the amplifier 27 and then input to the frequency

modulator 29 so as to increase the frequency as the supply voltage VDC increases.

Fig. 11A shows the output voltage waveform VDG of the VDC detector
65. It is an envelope based on the waveform created by full wave rectification of the
20 AC power supply. Fig. 11B shows an output waveform Vag of the frequency

modulator 29. Fig. 11C shows a saw tooth wave after frequency modulation
generated by the oscillator 30 which is created based on the signal shown in Fig.
11B. Fig. 11D shows an output waveform VQN of the pulse width modulator 28,

which is an inverted waveform of the Fig. 11A.

25 Figs. 12A to 12D show a part of waveform processing impiemented in
the driving pulse signal generator 31. Figs. 12A and 12C show how a saw footh
waveform VNG after frequency modulation in Fig. 11C and the output waveform

VON of the pulse width modulator 28 in Fig. 11D are compared. Fig. 12A shows a



20 magnified view of a bottompart of the envelope, that is a | ow supply
vol tage portion, and Fig. 12Cis a top part of the envelope, that is a high
supply voltage portion. Conparing Figs. 12A and 12C, a period TB of the saw
tooth waveWONes/3883¢-ig. 1 2A is T[err]>T[err] conpared to a peti/sehsddysef t he
saw tooth wave VNC in Fig. 12C. Wth20gard 5 to the output VON of the
pul se wi dth nodul ator 28, V[err]>B[err] when VON-in Fig. 1 2A is considered
Vl[err] and V[err] in Fig. 1 2Cis considered V[err]. Fig. 1 2B shows a
signal output during Verr]>V[err] in Fig. 12A, and this is a pul se signal
for dri magpifiec:view efta bettvropatiefitbe envelape, thatde @ low sSipply voltage portioher e

t he suppl ol s low, the ON tinme of the sem conductor swtching

devi ce’ Sni £18, 181 6 Ton Rt a1 ePvelaBs. st S8 NG 5BHE VBl8Ra A ended <o
I ner eas@oﬁﬁﬁ’érﬁ? Hpgyiﬁﬂﬂnhqz‘d]% Jiéﬁd@mg df 1€ 84168t Wavd VRic irarigaygAdpp! i ed
to the sem conductor sw tching device becones zero. At a portion where the
suppl y Tg{lgueompatediio,a pérodINT tof thee sawtbethiwave VRenindtigd12Cowithwiegahd ng
device 3 is shortened, and the period is also oportionally shortened to

h
odube EnthaQUipHBVON 8f the puise MidibIpeduiRter2t VENBEBONT WhamYONhi Fighe
| 15 . i lied t h ) duct .t chi ng. deyice. Wth
the. aboleRdsepsidered TR 2hd Veon 16 519-ak At SANSIRSUONaN HISt (GF SIWRhi ng
d . - . t i . o Lo
suppl y B Adatd o BRHIRG VORYRIG EPER: §2N. A6 ¥ Rp PlR Y dader eVt i
an advafisieenibondiiialswihfitgibvibs BeRt borion wiickelthé Bagoyivohabe ieToa i o

Fig. 13. Fig. 13A shows the voltage waveform VDC of DC power supply 1,
Fi g. 130N tiowsotihenreraigendugtor Nﬂé}lnsﬁeum Friserdended,andthe perjodis&lso onat e

supply BromifandiiCereided KRS Gnéiti1itlhigR G RE Pakadeistbitor &,
wavef or thatnvaitagbepplied do tied semidondactdr switchiypdevice beebineszerspAeia0r m i n
Fig. 13B. The characteristic in Fig. 13B is that it suppresses the output
at ar ouR@THQIEWhE[S the SURRlY Vﬂ@%@é?'gtbet%ﬂé”é'mﬁ@fm%ﬂﬁéﬁ&?”'?%“qﬂ% and the

ON tinme L J; ' éﬁ’é@t | ' ' ' h}?fg nd t hat
it incr ggﬁstgg‘?@h%é\é‘zét Safgg?'qar oun dtﬁiu.'\egI %%%%%%P%d@%@lgﬁ%e opﬁeed ere the
f r equencgdiice ensrgyrprovided Gikthe leakage tlaasfarmer te aniextentthabttheszero vbltage

Fr ediontS, 2RBURH 18 - SemipaaieRESMRna e of 't he anode current vaver or m
nearly trapezol &\ i MBavs Bahtrof 1S ON AN ORP SperdioR ke ™
semiconductor switching device can be implemented under zero voltage even if
voltage of the power supply greatly changes.

Next, the anode current of the magnetron which is an advantage of the

20 present invention is explained with reference to Fig. 13. Fig. 13A shows the voltage
waveform Vpc of the DC power supply 1, Fig. 13B shows anode current A of the
magnetron which is proportionate to the output, and Fig. 13C shows a current
waveform I|N of the DC power supply 1 which has the same shape as the envelope
of the anode current waveform indicated by a dotted line of the anode current

25  waveform in Fig. 13B. The characteristic in Fig. 13B is that it suppresses the output
at around the top part of the envelope where the frequency is high and the ON time of
the first semiconductor switching device is also short, and that it increases the output
at around the bottom part of the envelope where the frequency is low and the ON
time of the first semiconductor switching device is long, due to the effect of the pulse

30  width modulation and frequency modulation. This makes the envelope of the anode
current waveform nearly trapezoid. For comparison, Figs.' 14A-C shows a waveform
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when fhe pulse wdth and frequency are not nodul ated. Fig. 14A shows the

vol tage wa of the DC power supply 1, Fig. 14B shows the anode
current IA@Q%yﬁggnetron, and Fig. C shows the current BET/EPSORTSI[ err]

of the DC power supply 1. Conparing p s I[err] and I[err] of the
respective anode current waveforns I[err] in 5 Figs. 13B and 14B,
I[err]<l[err] is realized under the sanme power l.evel. Degradation of the

Dokt on Bbendng sl it sl ol ArB it TaS el Fidh Y4 s 766 yokhgl s
peak. of W&Qeﬂjiﬁﬂvnﬁléﬁﬂébcﬁb\hﬁéﬁsuﬁﬁﬂqqﬁélwm:ﬁﬁém‘éaﬁ&dé%\hﬁ@n%%%e

nodul ati on and frequency nodul ation as shown in Fig. 13B, degradation of
the 10 megmnatron, andFig.el 40 showsdbe cuventwaveforimliy lof then PG power supply 1.
wavef orm shown in Fig. 13C the supply. voltage during the period TL&\rr] ,
when t heCompaning peakilAR 1AM 1/P2;iaf the sespretive anodeLcurtant waveforms yin

bet wegn the de cat hode of. t he,. netron becones | ower .t han the

osci |1 at hﬂ? 35 ?'?‘ﬁgg@oﬁ%b%%’rsrrfagg&?%d%@ﬁ&%ﬁPoﬂ%\i\eﬁ e current
thus 15 does not flow, nor does the input current. The period T[err] when -
the i nput current dQagradation obihecvagaetran hastengope relatiom wvithitherpeak dfithe 14C

curr ent - B0UF GHHenh e BEpk e o rdiate BadrerBBR AT the AiadiAr cur  ent
wavef or m&b@mm;jglp, iFiie pdak 6f tiRnahbde guirept caeberedated By the efect acpase 20
Next, a nmethod to renove noise and run | arge cathode current at starting in

the pres¥idthimoduation and fraguency sapduiatien ag showadn Eig. J8E; degradationpfithe i n
t he Ty fh%ﬁq@ﬁé&pgesﬁpkgégs%&i s provided to renove this noise. The -
as own Tn Frg. :

filter, conprises coils 35 and 36 inserted in series

cathode, and 5 capdnpiearendt i BbuEEubisREREL Gonh e £, RIC s Sueot
| npedancgohge tlring thé period Tad evrieh thecstirrdht3$ ALt funniny] is fee bW it Zhe Of the
coils 35 and 36 can be defined by Equation 6 where f Is the frequency of

t he cat hvdiageapplied betwaeretife anedmand iogthndaotghei magueinor bEComes| lower about
cat hode, At SfGtidrsBRME vdthoe il BEerinblBENCite Anbhie buffent fis

cat h : . Lt Tt
| evels b|A§°§g rnog ?g% Pegggélggp%ué;mpai bGfreA. trhe firidR TRWRRAShEWPRBurfERY dbss

not flow compared to the period T2 shown in Fig. 14C is T1<T2. As a result, a high -
frequency component of the input current waveform shown in Fig. 13C becomes
smaller than the input current waveform shown in Fig. 14C, enabling improvement of
the power factor. '

20 Next, a method to remove noise and run large cathode current at
starting in the present invention is explained. Since the magnetron generates noise
in the TV frequency band, a filter is provided to remove this noise. The filter, as
shown in Fig. 15, comprises coils 35 and 36 inserted in series to the cathode,
capacitors 37 and 38 connected be_twéen the anode and cathode, and a capacitor

25 139 connected in parallel to the cathode. Impedance Z¢ of the cathode is about

0.3Q, and impedance Z}_ of the coils 35 and 36 can be defined by Equation 6 where
1 is the frequency of the cathode current. If the frequency is 40 kHz, impedance Z|
will be about 0.5Q. This value is about the same as the impedance Z¢ of the

cathode, and it is a major factor that determines the cathode current level. As
30 described in the prior art, large cathode current may be desirable for prompt start-up
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the magnetron. It is therefore apparent that inpedance of the coils 35 and
36 may desirably be reduced by decreasing the frequency for this purpese. .
For ‘exanpl &yOps3ssde frequency is dropped to 20 kHz, coil inppepfissophd;! be
a half of that at about 40 kHz accordi 2@ to Equation 6. This enables an

I ncrease of the cathode current. 5 The frequency of a saw tooth
wave generated by the oscillator 30 at starting is set to the driving
circuit 7 in Fig. 10 by a mninum frequency setting circuit 39. In other
wor ds, byobipermagnetron.titis| theeforler spspeganythat impeddnoerottthe woils B5Hhd 88 niys el

operation, inpedance of the coils 35 and 36 formng the filter of the
magnetro nd@%lFﬁﬁlé %%Eﬁﬁ!’é’&d cg9singdhe ﬂﬁgn%@fégtsrfwe%a{ Ferexarple, if

In additi ' L 1 HO: 50 RASY ' i [ i ' s
t he signa ffrr %%'%1@ ‘? rjdg?qugen% mgﬂ%?g‘?%@%@ﬁgﬂ%ﬁ% r{ég (;g)frtéétééﬁ at%ht%
modul at i okliz Hecerdimgto Equation 6: This eriables an éntrease df thpieathpdeaturtentt he

m ni mum frequency setting circuit 39 regardl ess of a voltage |evel of the

DC pover supply at Tharftdqu@ncy of afdeeitoois wavedisriirattl BytHe bsdillator Bowtt 40
conprises a current 15 detector 41, a j udg&hent circuit 42, and sw tches 43
and 44. Velartingis seidethe drvieg sircuibv da Fig. 1O ina aeiniroumdrequency seiling giicuihe

capaci t or ,gr ' . . r | £ |n Fig.
1P e cor PRgh Sfief e By, odtialt it Wel R bl Bt Relus B dliio fhe. ™
di ode, capemhaboperationinfpedance of tihe coils 88 andt3eforiingrthe filfdreofithdgnent
circuit 42 judges whet her the magnetron is oscillatipng fromthe output .

| evel 20 en&ﬁf}%fe%qe@emﬁ%em.mq&eeﬂngamca STt flows even if
the magnetron is not oscillating. Since the filter is provided to the
nmagnet® on as expl ai Headdion; ig. Figs10.a Feguenanhmogiulation switching sirguit A0 cuts

capaci tor Bl ' ' ' r agt.t or

ol 5011 onhd HofREtince thetfiemelShotiuigtcr 287 et i e i modBeRERE THCH o
rectifi er eAablesfoppration &t adized low frequenocy seEbythe misinium friquencysetting
judgment 25 circuit 42 cafn differentL&tﬁ L!:S fromthe current, that flows
when the REEWES? fegardiess 9t a ¥oitags IeyRkel theDGRovearsupPatRIartiNg:i | | ati ng,
the judgnent circuit 42 opens the switch 43 to cut the signal of the
frequency modul at or The frequensysaedylatien switghinggircyit 40heorsprises aRurente

o1t ol g RbnEF LG o 3080 oflch 88 AT AT DN BB aBRIRS

the 30 nagollatesnthesansde cuaentmynsithmughi thelcapacitor of thealiode df tire fudiwaed 44

s openedvgﬁaég goubler rectifier 8 in Fig. 1. Accordingly, the current detector 41 can detect
the current to the diode, capacitor, or anode using the current transformer. Tﬁe
judgment circuit 42 judges whether the magnetron is oscillating from the output level

20  of the current detector 41. A certain dark current flows even if the magnetron is not
oscillating. Since the filter is provided 1o the magnetron as explained in Fig. 15, the
current also flows through its capacitor. In addition, charging or discharging current
of the capacitor also flows in the diode and capacitor forming the full wave voitage
doubler rectifier 8 in Fig. 1. Since such current level is extremely low, the judgment

26 circuit 42 can differentiaté it from the current that flows when the magnetron is
osciliating. When the magnetron is not oscillating, the judgment circuit 42 opens the
switch 43 to cut the signal of the frequency modulator 43 to the oscillator 30, and at
the same time, the switch 44 is closed to send the signal of the minimum frequency
setting circuit 39 to the oscillator 30. When the judgment circuit 42 judges that the

30 magnetron is oscillating, the switch 43 is closed and the switch 44 is opened at the

same time to modulate the frequency. The minimum frequency setting circuit 39 has



same time to nodul ate the frequency. The m ni mum frequency setting circuit
39 has . WD 98/ 38836

PCT/ JP98/-00751 23 a function to set the m ni num frequency whi ch avoi ds
excessi veVOABRYBE current flow or au%#o frequency. The ni niRCGIAPBS/BEISENCY i S
set to 20 kHz or above. By reducing e frequency at starting, sufficient
current can be applied, and thus there is no need for applying |arge .
voltage to the secondary coil of the 5 |eakage transforner 2 at start-up
as it is in_the grior art. The secondaé%ﬁcoiL vol tage is proportionate to

the pr arfuRgtianiq Seidhe sBimymmdrequensy Woichigvoids excpesiesathode iurest t age Vo

vol 5@%&&?@‘%@%&%@% i WGPl SGttoizd E@E‘&%ﬁv@f' " Thus, in
Qnr | : [ 1,V Y

need to be cont oM BHuPEGAETracRey 5 slelfnd. SIGefart B inat o

secondapy thas therelis aacedd for EW BRQE Volthgeé 16 fire Yetdmityicoil oOlfer to be
detected. In addition, the |Sg agé?trgnsfor%%r al so insul ates between the

pr i frar {eakege teansfomaer2 abstadryp asitis infheprictark dherresopdany coilvaltaggdsi s

det ect [ £ ' ) rh Wi Lrcuit
et oot BfopdriSoi i the e KpEthid B he B HLbb loliaok Vi itatb

phot oc it Bppliddicthecitb SBRRONANCIBR SWREhFR TRVIcE fid thé nmﬁ&»%dn%ﬂagect the
vol t age of the first sem conductor- swtching device thus also has an
advant ¥Myq are inithpfollowihgeelatiohi gur ati on. The driving circuit 7 shown in
Fig. 10 is-provided with the VCE detector 20 45 for detecting the voltage

VCE of the first LopRgyeior swi t chi ng deghGAt yhe output signal V[err]
(refer to Fig. 10 glc-i gﬁlg ) of the VCE Se?ect'cg?}g)% is input to the pul se

i dt h nmodul at . The Vi i ves. ¢ t to th | i dt h
hodbi at or 28 s i AR 46 FRPY &b aBPrHrETs 1AL BE Y befdat By of or m
V[ er r] voRage SPEEMAY Meeditobedcoritiolldd 1o 4 baitable Woltaye VSRV OE i hivatul se

wi dt h nmodul ator 28 when 25 the VCE detector 45 is not in operation. A
dot t ed thamthe secorelasycpilvoliagefity advaniage issthaCkhelvokageis edsiestoi be

PEver SBMatef, b adilifgh ik beRiad Rensihimer HER Guis SEEEh R ey
dri vi ngoll faﬁdfmésgec%gfahﬁpmla WWREN e BeCOMEary Lol VRItAgEH dBfected,iRVagnal

reduci ng the | evel L . . .
15  may need to be transmitted to the driving circuit connected to the primary coil side

using an insulated means such as a photocoupler. This configuration may be

complicated. A method to detect the voltage VCE of the first semiconductor

switching device thus also has an advantage to simplify the configuration.

The driving circuit 7 shown in Fig. 10 is provided with the VCE detector
20 45 for detecting the voltage VCE of the first semiconductor switching device 3. The
output signal VOUT (refer to Fig.10 and Fig.16 ) of the VCE detector 45 is input to the
pulse width modutator 28. The VCE detector 45 gives an effect to the pulse width
modulator 28 as shown in Fig 11D at start-up. Specifically, A waveform VON in a

solid line in Fig. 11D is the output waveform of the pulse width modulator 28 whén
25 the VCE detector 45 is not in operation. A dotted line is the output waveform when

the VCE detector 45 is in operation. It is apparent that the VCE detector 45 reduces
the voltage leve! of VON. Accordingly, the time width of the pulse signal for driving

the first semiconductor switching device 3 may be narrowed by reducing the level of
the output waveform VON of the pulse width moduiator 28 to control the voltage VCE



t he out put waveform VON of the pul se width nodul ator 28 to control the

vol t age VCE WO 98/ 38836

PCT/ JP98/ 00751 24 in the first semi conductor switching device 3 to an :
appr opri atwobaesss As a result, the secondary coil voltage pergiopshl ed to
a mni mum necessary |l evel for suppl yi®4 an appropriate cathode current.

Fig. 16 shows an exanple of the configuration of the VCE detector 45 5 for
detecting the voltage VCE of the first sem conductor sw tching device 3.
The voltage VCE is divided by resistance for driving the transistor to

char ge 3dn tiee firdttsemiébndddter switching deviéé 3 t an appmp;‘raﬂe Iaevw. Aseairesutrcthe47
connected in par allel. The voIt err

V * of this t\g{; sasrgnal
i nput t Geceadany cell vpitage ﬁmrra t@ mip '30"11'7%%9&' éPBP g aPhe
vol t age }ﬁogﬁaéerﬁﬁbggc ﬁ.@m conductor swi tching 10 devr ce 3. The period .T

is the p power supply, and it is, for exanple, about 16

bortod of 50 sec ofithdPoREHI GkahpRbt he'RPRBEEHCh of HBRCE Ftdkpl 48
E: g: si Zfﬁrﬁ%ﬂitﬁrﬂ%sthé aﬁé%of thefirdpbémpRindeeior SWIRN fiig déViee @aTHEOr M i N

Since the collector voltage VCE of the first

sem condusifage \BRELS hiNiGedEY reéisisiance Johdving the transistarfto roharge atoapiacitory
beconme unstabl e |f this information is di rectléel7 i nput to the pulse width
nodul at o46. ZB'le Eapamfomﬂé isalischanged aba resistance«ty egnnectedirnparaliel dineage of

rlgagrr ;][ aas :"rﬁée @'&s F%Q%gﬂéagfcsjﬁi% Wﬁ@hé}g&%ﬁwﬂﬁﬁm sg@gghar ged

through hBe1 BRI QrflBtorF61 e Poite@B Y Gt lof 1Re fifh WeiBendislor skl ing! nd

is set to~a 20 perlo shorter the AC power supply, and Tonger

t hangt hedéliice B1Thegiariod Pis t‘ri@epérlddsmf taemcmartsuppbjwahdrit isgfatexameplé, This
enabl es to output the vol tag}e V[ err

h | to.th
envel opeak@ut; Hemsgc: §§t99\7@E 6$t %Fqiﬁg\émﬁmtgwﬂﬂgiﬂvéﬁe %\ﬁgﬁﬁgﬁ g@/?ce 3

shown b riat n be
assuredy ?"Q‘ﬁ%g?@ﬁjﬁg hIS err \%fo Qmu ggiévetﬂ&m?%g'ﬁ FI%’“%
dﬁscr i bfébmamﬁﬂ;%a Penéaé ire4 half p@rm!l HbWéver tthe wamaimn rmFlgarrarA rspedance of
the coil in the fi

ter changes with the f{) uenc esu t| ng i.n changl ng
t he cat hegimplidieds Since WlPtQ?“Pﬁ@"(Y@“@Q%MQEP rs’g %m!ﬁ uSten SWIchiNGy devi ce

volt ¢ device3hasa pulse waveform, control may become unstable if this mformatlon is
directly input to the pulse width modulator 28. Therefore, a transistor is driven by the
divided voltage of VCE as shown in Fig. 16, and the capacitor 46 is charged through
the resistance 48 connected to the power supply. The capacitor 46 is discharged
through the resistance 47. The time constant for charging and discharging is setto a

20 - period shorter than that of the AC power supply, and longer than the driving period of

the first semiconductor switching device 3. This enables to output the voltage VOUT,
shown in Fig. 17B, close to the envelope of the voltage VCE of the first
semiconductor switching device 3 shown by a broken line in Fig. 17B. Accordingly,
stable operation can be assured by supplying this VOUT to the pulse width o

25 modulator 28.

As described above, the filter is provided to the magnetron, and
impedance of the coil in the filter changes with the frequency, resulting in changing
the cathode current. With the configuration of the single switching device voltage
resonance circuit of the prior art, the output is reduced by shortening the ON time of

30 the semiconductor switching device, resulting in greatly reducing the cathode current



resonance circuit of the prior art, the output is reduced by shortening the
ON tinme of 30 the sem conductor sw tching device, resulting in greatly
reduci ng the cat hode current WO 98/ 38836

PCT/ JP98/ B2 B¥38336 que to increase inué equency. Accor di ngl yPCTHBIMNIR ng
circuit of the present invention adj $ the ON tinme of the first

sem conduct or switching device 3. to control the output, and the signal of

t he frequency nodul ator 29 whi ch changes responsive to the aforenentioned

I | t formis ke . . -
e TR Byt el oé AOEL SR 4 B oo
thus_doesyiigiins e e 6116 B3t seHABORETHBESWREHIA HEVIce's fd VorRrdl BslButpiut ent
at | ow out put. I's enables to ke

Thi ] ep an appropriate cathode tenperature at
| ow out rand thel signalraf the freguiengy m@ﬁdatowspuhlchmngaatre%ponsmee the art.

bar 11 cortprernegustaet sGRAY yoRBAS VEVRREL S KRR CoRBieRt e GArBRETr e auput
enbodi nefe %agggﬁaﬁﬁgbééﬂiﬁﬁ%ﬁﬂﬁﬂtﬂe envelopeitonroillingthe autputthesidotsy

enbodi ment 1I's Ined"with reference to Fi Hi gh voltage is required

. . g. 18 (
for dri wiotghangentngneby suppresgingsaductian obihesathodeicuirent atdpw oiipule This

o' orop it bt RReR AnGARrAAkE badd impblanRrt o i elbyig B 1 o 20! ©
convert gpaftfe IdWertitpathanahatvfithe prior artl Thisigaddto sigoifieantimpropementin n a
hi gh frequency heating equi pnent is thus, provi deg?vmth a vol tage detector

] : . p
52 for cenaking pgriermagess Inpapigulalfoed deftesting,perfegpange.ni ch forms t he
filter with the coil 50 in order to prevent transm ssion of the high
fregiency conponen D eXeMOIETVIRTNOOCHNRINI vy 1, a reference voltage source
53, and a 20 conparator 54. The conparator 54 conpares the output of the
vol t age det ect or SRMlemsdresagainst sparkingvand bghtning inef pindmesemplanige source

53. If the oufput, of the voltage,det .52 J Sy . 1 54
ot put s AMBRARERR SPInE R RITRnoR e Eig- 18, High SBEbe I ABRERAIRER Of (e
circuit -dﬁf]ﬁg‘iﬁ@'ﬁi’é ¥orb andispark niePocourtPdustariolsmolkd attaches hpurtion a
reference |l eVel instead of the reference voltage source 53 if the 25

vol t age cdrrying high valirgeldt sparkrocears, it isgusiarablego saquam@omraaiogi gfthe
P e S CP Bl ARTRBCRc BSOS aer o B Sy SN o
t er m nal maghetron draployed in a high frequency heating equipment is thus provided with a
voltage detector 52 for detecting changes in voltage of the capacitor 51 which forms
the filter with the coil 50 in order to prevent transmission of the high frequency
component to the DC power supply 1, a reference voltage source 53, and a
20 comparator 54. The comparator 54 compares the output of the voitage detector 52
and the voltage level of the reference voltage source 53. If the output of the voltage
detector 52 is greater, the comparator 54 outputs a stop signal to the driving circuit 7
to stop the operation of the circuit. The comparator 54, for example, may employ just
a constant as a reference level instead of the reference voltage source 53 if the
25  voltage of the voltage detector 52 is measured by analog-to-digital conversion, and
may compare the value after analog-to-digital conversion with the reference level.

If spark occurs between the secondary coil terminals of the leakage
transformer, excess current flows when the IGBT 10 of the first semiconductor
switching device 3 Is turned on because inductance of the leakage transformer

30 reduces. At this point, electric charge is supplied from the capacitor 51 and the
voltage of the capacitor 51 suddenly drops by discharging excess electric charge.



transforner, excess current flows when the I GBT 10 of the first

sem conduct or switching device 3 is turned on because i nductance of the

| eakage transformer 30 "reduces. At this point, electric charge is supplied
fromthe. oapogisgsy 51 and the vol tage of the capacitor 51 SpEp ops by
di schargi ng excess electric charge. 2 W 98/ 38836 ﬁﬂk/\ioﬁi

PCT/ JP98/ 00751 26 Next, when the IGBT 10 is turned off, the current in the
primary coil of the Ieakage transforner 2 runs to the capacitor 4, then to
the capacitor 5 through the diode 12 of the second sem conductor sw tching

devi ce RiextigRersiie IBBT A 0Li§ turhedkstt)ahé caReheiniie ;ﬂ‘lmérycéblpéﬁhé'léaka e
transferred to the capacitor 5, the current.starts to run, by 5 trast,

f r om t htransfesarier &Tups to theycapagiies de thentethereapacitar 5 thyough she did 8112 ofi ch

the | caliyecoord sdbfbel ajinkit diieg b wier Phirchh te atioBr T "

sem congupbfirmenets bbmlétewltmsieﬁred t@me:@apwtbas thée, curtnt seirisa8quAf by he

capacitor 51 suddenly rises. %leA shows current waveform | err]
rBde

t he % carontrask froms:thel gapacie tqahaggmnﬁfmmgerﬁbroum‘ethedﬁaa' 3davhich o
Vol t age S fiedbf; e 1314 RRuMA Briek B Bohie the Aliterpif thd IcHRaBer T °

di recti transfoririee Mmmtmoagbmbe diodte 31 ohthk fitst semdeunduetst switshirg shows
ITerr]. Spark (close to short- circuit) occurs at thewgdm nt of an arrow. It

i s appafeMcerhianing,capasityrss b andeypitagessfithe capasitor ki suddenly riser Rigetds -
sudden! ﬁh%@ curfStw déxﬁlﬁoﬁﬁ ‘i@i%f\fﬁ%ﬁgp:rfm o’{jgfé' {urlst é{gﬁ%n@gﬁ&%ﬁéﬁ r@' ode

11 in the nex period to I ncrease shows

out peit gegical3 éﬁd hlruremmaneterm i oWWdt‘dHé@lsphﬂﬁtﬁ@WF@UdQBrﬁmm
exceeds a certain level, the output signal is transmtted. This signal
st ops t holtage wavgfariy Vcstl of theycapagitons brinFigel A, the positivetditaotionaif thée

Lon 1 oL PBingls shaws i1, AnfLing heaativariragion Sve i SPArE (0ase 1o ahoRe
Vol | age cltflibidctues & SRR IR ANBY, Jt IS Bpbabnt Bl BaShye BnbBL R PR
filter ehdithe Mﬁgévr@ebéddétﬂyﬁ%bé)mﬁrﬂh@ é)&:e%gﬁe \l/){err?bg fﬂbWé'tEtﬁ eWth

| ow frequency s the thange of the voltage the capacitor

51 a5 suiode P in thregrext perivd tduncrezaseNCEp suddeniyl Figpd o shows Benowipuent |y,
a circuit con?r|5|ng t he vol tage detector 52,
signal of the comparator 54. en VG54 increases suddenly and exceeds a certain

level, the output signal is transmitted. This signal stops the driving circuit 7.

Voltage VC51 may also be detected at the timing when it drops
suddenly. In other words, the comparator may be, configured to transmit the signal
20  when the output voltage of the voitage detector 52 becomes smaller than the voltage
of the reference voltage source 53. |

As mentioned previously, impedance of the coil in the filter of the
magnetron is reduced by starting the driving circuit 7 with low frequency. This makes
the change of the voltage VG51 of the capacitor 51 at start-up larger than during the

25 normal operation. Consequently, a circult comprising the voltage detector 52,
reference voltage source §3, and comparator 54 may activate at start-up and stop
the driving circuit 7. To prevent it, the voltage of the reference voltage source 53 is
set to higher level at start-up. A transistor of a switching circuit 55 in Fig. 18 is turned
off af start-up to set high voltage to the reference voltage source 53, and is turned on

30 during the normal operation to set a lower voltage to the reference voltage source 53.



ref erence voltage source 53, and conparator 54 may activate at start-up and
stop the driving circuit 7. To prevent it, the voltage of the reference

vol tfage'sow 5‘8/3%?3&55 set to higher level at start-up. Atransistor of a
switching Circuit 55 in Fig. 18 is tugged off at start-up t oPSEIPIR04IH1
voltage to the reference vol tage sour 53, and is turned on 30 during the
normal operation to set a lower voltage to the reference voltage source 53.
WD 98/ 38836 : PCT/ JP98/ 00751 27
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resistance is supplied through the AC supply voltage 20 detector 56 to the
vol t age YrRitage irthe AC powersuppiksysien %{)hedgie af thisieanfiguratian.shlewewer, & | ess
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and a constant voltage device such as Zener diode 58 is thus provided. The AC
supply voltage divided by resistance is supplied through the AC supply voltage
20  detector 56 to the voltage detector 52. if the AC supply voltage divided by resistance.
is less than the sum of the divided voitage of the capacitor 51 input to the voltage
detector 52 and the Zener voltage of the Zener diode 58, a signal is not input to the
voltage detector 52. Accordingly, the output of the AC supply voltage detector 56
does not affect the voltage detector 52 during the normal operation. Moreover, by
25 providing the diode 57, the voltage detector 52 will not affect the AC supply voltage
detector 56. With this configuration, the 'operation of the circuit may be immediately
stopped at occurrence of excessive voltage by lightning surge or sparking. The |
circuit can also be configured with less components by sharing parts of the circuit.

Tenth exemplary embodi

30 A judgment circuit 59 for stopping the driving circuit 7 in a tenth
exemplary embodiment of the present invention is explained with reference to Fig.



25 providing the diode 57, the voltage detector 52 will not affect the AC
supply vol tage detector 56. Wth this configuration, the operation of the

circuit nmuy be immediately stopped at occurrence of excessive voltage by -
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conponents by sharing parts of the ci28uit. Tenth exenplary enbodi ment 30
A judgnment circuit 59 for stopping the driving circuit 7 in a tenth

exenpl ary enbodi nent of the present invention is explained with reference

to Fig. WD 98/ 38836 '

PCT/ JP9200TRE 1udgméﬂt cﬂrcrtﬁt $9 trdsterminingstoppagé showatm [Fig." 20 gomippises @

shown in Fi 26091 a ca C|t r 60 char the out put of the
conpar abaPadior S & ared e SRDEOT Be COMmRATAIN o4 Rbd A Forgaralpr BRdor

t
Caver or ConfERHe REE@“‘a@% Sit¥ie EEDAKIR 60 A 2 Bf BUiBrdhbe VOIBR SrLS® 1 1
capaci t é1. A(Boltdrllﬂl&iﬂobWﬁUdfdfMﬂWmmFlg 18Dtshpwvs\@ Yoliage avetdran Vgoof

vol t age source 61. The capaC|tor 60 is charged by the output signal of the
conpér athe canacm&ga ang & gm ling saﬁws aYRjtags Yietofthe referensedvaliagey ol t age

of the ca aci le00 exce t.he,vol t age,V61 of .the rence volta source
61 at t ROUGR: éﬂdﬂzﬁ, paEASHER ol S Spaad 65 0 Autput pibhel B e gt 88 e
conpar aiyticiPi a 9u|sévggﬁachﬁdwtnqn { 99C18nd Hieé vbikage bf e éapaE't@r ppdgnent
circuit 59 determ nes when to output the stop signal, i.e., after how many

times ofexceed@thqmlt@agwau Offmmrafaaermms&taga@om ea@m segomh pulspacu tance

1 ove aSi0fRk A s boiet din o0 s sand of fie Famparater 67 inimexedita tien e of
di sgar anwtgté]ﬂztﬁtaﬂ'ﬁ@ A&&?m@ﬂt cuT&lfPt 5 HERTiNds Whetitdiol Lﬁq@t%ﬁé s}%g@% k by an

circuit 59 for ex prevent stopping O
i nstant i excatanhw/ mnyames/m tbe ommﬂ signal framethe cemparator 4 tdependirg onr cui t

Ui 1 zcoapRBnas ol e, Piekfor Al VAL Bt depiBtpnen i, e Cr o7

cont i nuiffoyus @t%a@ghgrmélcapacm Gmd)rltﬁé Vallle ¢Pef RSuitERcY B AU NRgIRBtRe
i nst ant aneous w thout continuity for distinguishing |Iightning surge and

spar ki ngapasiterg0. Ehe purpaserpfipreviding sueh judoment gikcuik 88 4s,i for evampla; do
| NDYSTR g@%@t{%ﬁ}ﬁb lof The farl2tigh bVa%OtHQfAﬁveJe@@ésw&nﬂwaeWﬁeﬁ doeehidthllg @ DC

power s
a large effect on the circuit operation or external noise. The judgment circuit of the
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present invention utilizes the characteristic that sparks and lightning surge have a

certain continuity, and external noise and instant excessive voltage are more

instantaneous without continuity for distinguishing lightning surge and sparking from
20 external noise and instantaneous excessive voltage.

INDUSTRIAL APPLICABILITY

A high frequency heating equipment comprising a DC power supply, a
leakage transformer connected to the DC power supply, a first semiconductor
switching device connected in series to a primary coil side of the leakage

25 trénsformer, a first capacitor connected in parallel to the primary colil side of the
leakage transformer, a second capacitor, a second semiconductor switching device
connected in series with the second capacitor, a driving circuit having an oscillator for
driving the first and second semiconductor switching devices, a rectifier connected to
the secondary coil side of the leakage transformer for full wave voltage doubler

30 rectification, and a magnetron connected to the rectifier. The OFF time of the first
semiconductor switching device 3, or the ON time of the second semiconductor



| eakage transfornmer connected to the DC power supply, a first sem conductor
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transf Pﬁﬁﬁs 53 first capacitor connected in parallel to thgﬂﬁ i mary
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sem conductor swi tching device connected in series with the second

capacitor, a driving circuit having an oscillator for driving the first and

second sem conductor sw tching devices, a rectlfler connected to the
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ot or sARaGeY dogalh bemady SHAIREIAr &t Smanat BOHVEISTAS 1P pRRACance gf the °
effepfs fRps Em.écgﬁuncgﬁgsw@.ngasgﬂc@@ay 'cbnnééﬁf’(jtﬂeaf’l%?cé’ﬁaélfb? 4idthe

capaci tor 4 can or an” anount
primary coil side of the leakage transformer 2 in series, and further connecting a

series circuit of the second capacitor 5 and the second semiconductor switching

device 6 to the primary coil of the leakage transformer in parallel.

With the configuration shown in Fig. 5, two effects can be realized.

20 Specifically, capacitance of the first capacitor 4 can be made smalier for an amount
equivalent to the capacitance of the first semiconductor switching device 3 and the
driving circuit can be designed with lower withstand voltage by connecting the first
capacitor 4 to the primary coil side of the leakage transformer 2 in series, and further
connecting a series circuit of the second capacitor 5 and the second semiconductor

25  switching device 6 to the primary coil of the leakage transformer in series.

With the configuration shown in Fig. 6 which employs the half wave
voltage doubler rectifier system, the configuration shown in Fig. 7 which employs the
full wave rectifier system, or the configuration shown in Fig. 8 which employs the
center tap system for dividing the secondary coil of the leakage transformer 2 into

30 two parts, efficiency of the use of the leakage transformer can be improved.



equi valent to the capacitance of the first sem conductor switching device 3
and the driving circuit can be designed with |l ower w thstand voltage by
connecting the first capacitor 4 to the primary coil side of the Ieakage :
t ransf or nwwo §8/38836eri es, and further connecting a series Cigsy, d_h;g

second capacitor 5 and the second ser@@onduct or 25 swi tchi ng devi ce

the primary coil of the | eakage transfornmer in series. Wth the
configuration shown in Fig. 6 which enploys the half wave vol tage doubl er
rectifier system the configuration shown in Fig. 7 which enploys the full*

wave rectifier syfugthermore, fthe@NfarmmaFFlcperaﬂmmof me'%e]annubd:t@h enpl oys
the center tap stem for dividi n&d'F he secondar%; of the | eakage
t r ansf oSWiiENG devicegan ke impleraentad ynderibe zgro ﬂ'éaﬁ%ﬁ"?ﬂ ifthe VP@%SI%QE

T/ 3poRPRE STPRY pieah %‘éﬁﬂ?es by fh ¥Ae Tekfation of the AC power sypply o

sen conabtainths G pbivey sdpplypand m\hdmgra)freqaeqummddlatott inctheariving! t age
Fect Pt 1 cuBHbIOUPORHiEtAG he e ipy BpoRamaLEA ALt kered BN9, and
ﬂg\éhgh??‘é%%? my gwgpgggrpy in the drivi ng 5 circuit for nodulating the

cording to a si emtted based on the voltage of the DC

power supply. Curr,

i ncreased by pr ow@f%%’ﬁ%p"ggaég}lécga%%@gﬁ %ﬁ;agm@%@é ﬁ'&ﬂl&?&?&)Qw tch
f r equenpyovidihg theifrequencytmodulatiorm switdbingruircuit¢o switeh Ifreqmenay intodulation
cancel i na? freguenc mpdul ati on at 10 st tart at certain

rt-u
frequen iRg theReIma %’ﬁ"%t&ﬁri icﬁ‘ﬁgﬁ"’i'g: PHUSREY W@F’ul?é'l‘i’ﬁratses a
curngnt g ttgr %Rratgeéé?féﬁﬂ@ \f_urrent of the diode or capacitor
to

form ng t ect| i er connecte he secondary coil side of the |eakage

haanet ?Lﬂas23"oﬁﬁ%%@9%%cafﬁwé?gkﬁg@é’a’wﬁﬁ@dﬂéﬂ@ﬁ@%ﬁ bofoPlises a turleh

a: I ow; tdetanﬁonfm;dﬂtect&\g thergurrerit fof tise diogleadr ¢a?atagfmmimglth% reztifier cui él can
t t . t

cour r o RRBNGFLAd 1 theAaanaaN RPILGIAR ot e GRsade HARHIRITHA, BAR LSOt | ng

circuit dirgufthsr ﬁééﬁgggnﬂﬁ% ogaﬁatéﬁ bP{heSﬁfaEﬁB!rBH bakba dnithe BiRp%ighal dffthe

operations of t ctor switchi devi c
15 current detector. This allows to accurately determme the state of the magnetron

The circuit can also be prevented from operating in the audio
frequency bands to avoid occurrence of ifritating sound by providing a minimum
frequency setting circuit in the frequency modulation switching circuit.

The ON and OFF operations of the semiconductor switching device
20 can be implemented under zero voltage even if voltage of power supply greatly
changes by impiementing full wave rectification of the AC power supply to obtain the
DC power supply and modulating a pulse width of a signal created based on the
voltage of the DC power supply. |

A change ratio of the cathode current of the magnetron at controlling
25 the output can be kept low by changing the ON time ratio of pulses for driving the first
semiconductor switching device to the second semiconductor switching device but
keeping the period constant in controlling electric power.

Impedance of the coil provided in the magnetron can be reduced
without generating large voltage in the secondary coil of the leakage transformer for
30 supplying sufficient current to the cathode of the magnetron by setting lower



20 can be inplenented under zero voltage even if voltage of power supply
great|y changes by inplenenting full wave rectification of the AC power

supply to g‘%% i{le DC power supply and nodul ating a pulse width of a
signal cre %4 on the vol tage of ,the DC power supply. RCEHBSBMO7§1ati o

of the cathode current of the magnetro %H at controlling 25 t he out put can
be kept |ow by changing the ONtine ratio of pulses for driving the first
sem conductor switching device to the second sem conductor sw tching device

but keeping the er| od c nst a controlling electric power. |npedance of
the coil 99 g egHelg% %&?@P%ﬁee&ﬁ%@%educed wi t hout generating | arge
vol tage in the second % coil the | eakage transforner for 30 _supplying

suf ficient current f‘fP iopamihgsesondary ealhyliags pfine deakagetransieimer atwo
98/ 38836

operat | oS FFER gan.be jndiectly qitected by providing 8 voltage %n Jetgdtinn
secondar Wouage apphedge the fitsh eeMeMmtor swﬂcﬁmngrdevm ayardntrqﬂmgaa phlse

i ndi rgctl dﬁ!}eéﬁ{c‘l b rovidin é\!ﬁl{r@&rﬁlé té)geé%{lﬂ%gte %atl'ﬁ%e
applied t 'ée‘ﬁi%ﬁﬂ?@%ﬁ | se
5 dth saeérk the secondar

coi }M vol tléeé‘eéég‘"gﬂéfé nge %e%? r céi&nv gésr%t tohgospem fied val ueyat
the firsi ée?n' ona /3 S8r §bfiriring B SR EihARReby thBoiBLlcr YoRhgy B et
created lgenticontdugot bwnmhgwnciaeha\dm@a pulsé\wavafmh tan Be createdtbycformingsi ng
a transistor, resistor, ﬁs‘%{%tor Thi s si %nal enabl es,to stably
control ithe vsuage detegtar Wfthﬁwfée%# reyit camprising §i510ReRISjOT R ng_
20u] RTENloefBachbe TH£ SRAGI bRASES LAY %ﬁﬁom@mmswth% Rt aR | 2

coil conne te supp a capacitor connecte

and a vol tage det echgo ﬂeggsa&hgg&gegn@g@m%ﬁﬁs RFARaR bR ARG T

vol t age detector consi age sodrce

conpar at wonhprisesoa DO powen sdpplyc aadiliconabeied tbhbemmwwsupplyt, agapagitor
vol tage |evel of th referegce voltage sour,ce.. The drivi nggm rcuit is

conf i gur &@NNgCladio i, pRd fytaga detectar fer detecting chanpes inthe Gﬁﬁa@% eeds
nabl o5 STRGEC Y VofiBoY Uetdettr CONAMS! 4 MetdtcR! Vil e) reg i 00y °
spar Kisng camparataeytfor compaeinga detectedlevelof the capacitor voltage and a voltage

level of the reference voltage source. The driving circuit is configured to stop when '

the detected level of the capacitor 'voltage exceeds or decreases below the voltage

level of the reference voltage source. This enables to detect a large change in

capacitor voltage by occurrence of sparking at a high-voltage portion in the

20 secondary coil side of the leakage transformer, allowing to prevent continuous

sparking by stopping the operation of the driving circuit.

A voltage change of the capa'citor‘at starting and a voltage change of
the capacitor by occurrence of sparking can be distinguished by providing a
switching circuit for switching a reference voltage source between at start-up and
25  during the normal operation.

The present invention further comprises the DC power supply which is
obtained by full wave rectification of the AC power supply and an AC power supply
voltage detector for detectihg voltage of the AC power supply. The AC power supply
voltage detector comprises a series circuit of a diode and Zener diode, and receives

30 the output signal of the AC suppiy voltage. This enables to detect abnormal voltage
surge by lightning which may occur in the AG power supply system, and also offers a



20 secondary coil side of the |eakage transformer, allow ng to prevent
conti nuous sparking by stopping the operation of the driving circuit. A
vol tage change of the capacitor at starting and a voltage change of the
capaci t or wp9sassssr ence of sparking can be distinguished by pirypbsihgrsy &
switching.circuit for switching a ref.@%nce voltage source between at
start-up and 25 during the normal operation. The present invention
further conprises the DC power supply which is obtained by full wave
rectification of the AC power supply and an AC power supply voltage -

det ect or rriopé siinplrecdirouit configagstion by Sieariyg apaey oftheincuit.The AC power supply
vol tage detector conprises a series-circuit of a diode and Zener di ode, and
receives 30 the oFhp\iresémtiavertior fifthdF coiptsks Wubaatont Eitbait forabl es to
detect abnormal voltadge.surge by |ightning which nmay occur in the AC power
suppl y sgetesminiagavhersto aitputitbestop signabiythegitiving circuit based on the number

PCT/ JP98/ PO 75 Wars] ' ' ' i or hari t of
the o r off mer e HeCagteReael ot b ERBba iadtolbeitBnditrdad® |, U ¢ o1
det ergn npgpwTRIvdlageUubpeltofithe réfepence wmqé Soures. This\érizbléd fo-disting@sgd on
the nunmber of tjmes when the detected | evel of the capacitor voltage :

exceeds Bbetwren instanianeousexerssivg valtroe dugto external noisecand ighining agrge

sour ce. 3?%5 | es to distinguish between instantaneous excessive voltage
due to eXt2PH oi se and |ightning surge or sparKking. What is clained
is: 1. A high frequency heating apparatus for use with a power supply which
is a DC power supply provided. by a rectified AC.power supply, said
frequency heating apparatus further conprising: a | eakage transforner
connected to DC said power supply; a first switching device connected in
series to a primary coil side of said | eakage transforner;



i rst switching device; a series

circuit of. a second¢ ' a second _swi tching device, the latter
being a se¢p 95%3 t gﬂm# ,t IJCe; ITHIS BAEEEH Ari ving said
first sw t%g?lsng gw ! - ndyz pm coﬁgggss%\%”c hi”ﬂ”&'g%’qgél
alternately; frequency nodul ati on neans | =) I equency
according to a signal generated based on voltage of said power supply
provided to said driving neans; rectification means connected to a

secondary coil side of said | eakage transforner; and a nmagnetron connected
to said rectification neans, wherein sgliaiM§i rst’ capacitor, said second

capacitor and said,l egk transforner formg resonant.circuit. 2. . A high
frequency heati ng Apg\iﬂﬁﬁfrsq&?“a?éﬁf*%ﬁ'ag PHPH%' q’,u%‘gﬁﬂéﬁrp@gﬁrosur’ply and
rectificgdmphsifigans connected to the secondary coil side of said |eakage
transforner provides one of: 1) full wave voltage doubler rectification; 2)

hal f wave vol t age gqggk%%frgﬁgf&hggb'gﬂnéc@.tF)Lgodf‘-d ?g?(,%r Fgg&,gf i cation; and 4)

center tapping for tappl e secondary coi be transforner

“at t center and | : r bs [ o3 '
freqtr}gncy heat i ng %3@55%{"5@9'&@88@5 |sr?ggﬂlgﬁfeeﬁﬁis%hgs%gﬁﬁawgﬁgﬁ%ﬁ%}gg
f r equencieakage/trdrisfiornser; t chi ng neans for sw tching said frequency
nodul ati on neans so as to start operation at a fixed frequency. 4. A high
frequency heating gpfat sapicifey, defined in G aim3, wherein said
rectification nmeans Includes a diode and capacitor connected to the
secondary coil sid s Bk - B, al o

B SR oo CADAER and PoBhd shERBURIC | ng

nodul ati on swi tching nmeans conprises: curren

CectiTi cati on moancr Vi Reaht farifi S8R AP eiiho SRS Ball sacond (e

magnéed r oselvcardiuctor switching device;

a first capacitor

rectification means connected 1o a secondary coil side of said léakage
transformer; and

a magnetron connected to said rectification means.

2. A high frequency heating apparatus as defined in Claim 1, wherein
15 said first capacitor and said series circuit of the second capacitor and the second
switching device are configured so that one of:

1) said first capacitor is connected in paraliel to the primary coil side of
- said leakage transformer, and said series circuit of the second capacitor and
the second switching device is connected in parallel to the primary coil side of
20 said leakage transformer,;

2) said first capacitor is connected in paraliel to the primary coil side of
said leakage transformer, and said series circuit of the second capacitor and
the second switching device is connected in parallel to said first switching
device; '

25 3) said first capacitor is connected in paralle! to said first switching
device, and said series circuit of the second capacitor and the second
switching device is connected in parallel to the primary coil side of said leakage
transformer; and
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on said current detection neans and the oy ' aid current
detection neans. 5. AR By =T C%EEEV tllmnmmuimmmfﬂiu defined in daim
4, wherein said frequ%W it %@ﬁo tCcRIiNg neans GONPri ses m ni mum ‘
frequency sabbs/ssg3greans. 6. 5&"1‘% fregtiency heating appar atﬂérﬁﬁsfﬁﬁ'fﬁ”ed
in Caim1l, wherein said power supply 3% a rectified AC power supply, and
said high frequency heating equi pnment further conprises pulse wdth

nodul ati on neans for nodul ating a pul se width according to a signal
generated based on vol tage of said power supply. 7. A high frequency

heating appar at us HsdidEenes circuitbPih® secondedapatitbP Rl the seeshd eWiteRingy

changing an ON time ratio of pulses for drivi ngl said first swtching device
to sai d secorfipvice abdhsaly first capacitor are sepnacted indarallel to saidfirst switchingi gh
frequency heaé%@% appar-atus as defined in Claiml, said | eakage transforner
further conpriSing a tertiary coil for supplying current to a cathode of
the magnetron, sai h of t elro vin filtar. rl Sl a
capacitor and coil %ﬁh'gg‘%?%ﬂ%&ﬁ??ﬁga#@%% 8%@'?‘&)4 ‘%&#ﬁ'%ﬁ%ﬁg‘g

f r equgncsaketddtiiBatitiifedna’corfiettatitd thedephdahpedil bidleadf said [Jakageuces

i npedance of said coil. 9. A high frequency heating apparatus as defined in
C ai m 1, teamisformenprovidesane ofurt her conpri si ng vol tage detection neans for
detecting voltage applied to said first swi tching device, and said voltage
det ecti on neans cort)rfull wave voltage3oublersectificition; 10. A hi gh frequency
heating apparatus as defined in Claim9, said voltage detection nmeans

havi ng peak hol d negjrmaltwave veltage dotblensectifieationesi st or, and capaci tor.

11. A high frequency heating apparatus as defined in daim1l, said driving

neans conprising a $Full weveneetifchtion; apdd power supply, a capacitor
connected to said coil, voltage detection nmeans for detecting changes in

vol tage of sai d cangCidrtén tabBirty ©F HbpIAL 130 ReE6HAAYEdITH RBid Raftagemar | son

means for conparing 'a detec evel ‘of “vol tage of “sai d capacitol and a
reference | evisansforroer at thelcexjer and congecting #o.the magnetron via a diode.

4. A high frequency heating apparatus as defined in Claim 1, wherein
said power supply is a DC power supply which is a rectified AC power supply, further
comprising frequency modulation means for modulating a frequency according to a

15  signal generated based on voltage of said power supply is provided to said driVing
means.

5. A'high frequency heating apparatus as defined in Claim 4 further
comprising frequency modulation switching means for switching said frequency
modulation means so as to start operation at a fixed frequency.

20 6.A high frequency heating apparatus as defined in Claim 5, wherein
said rectification means includes a diode and capacitor connected to the secondary
coil side of said leakage transformer, and said frequency modulation switching
means comprises: |

current detection means for detecting current of at least one of the
25 diode and capacitor forming said rectification means; and

judgment means for determining oscillation of the magnetron based on
said current detection means and the output signal of said current detection
means.
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12. A high frequeney—heattng—apparatus as defined in Clalmll further

corrprl sing switchin | ng. bet ween at
SRR T
appar at us as I'ne ern oy

eatin
N’ sai REFLABED suppl yq’lg’ﬂ”'&’g@ﬂ fied.
AC power supply, and said high frequency

further
conpri ses AC supply voltage detection neans for detecting voltage of said
AC power supply, said AC supply voltage detection neans conprising a series

Cai o ac S TPy R BRichRl Adlns Bibfiss MinlminPibqiingy g °

det ecti omearsens. 14. A high frequency heating apparatus as defi ned in Caim
11, further conprising.stop judgnment neans for outputting a stop signal to

sai d driving Wea“SSbA&ﬁgh%qhbﬁcWhﬁbﬂﬁg Pphratﬁ§ abfdﬁﬂnbhﬂnfmhmtwvbhbﬁéiﬁ' of
vol tage of said capacitor exceeds the reterence level, 15. A high frequency

heat i ng saig pawersupplyiisra reatified AC power swpplve aRdSaId high feq 1ea}ingand

e dont eapRier firtnds odtiBy Sy PUBCBRE HoSfudten mRans RAFARAEIIGN BrisEC 12
pri mar y witith atcriing t@alsigmal@mtwabweurmvomgh eﬁsaidspnwerssuppty;w t of
the second capacitor and the second switching device is connected in

parallel to the prg”Whigﬁ‘#é queheg rﬁtanﬁglaé;phﬁét&a&% défmﬁmrolarm whifeihb. A

hi gh frequency heat'| ng pparat us” as ined in claiml1, wherein said first
capaci t opowstlisscontrofiedi b,ysclnangmg and®Nttirae satio afipulsesdor driving saichirst econd

"h par al PeftciipSREicE By SRR Shikhile d8lich. difkedRE Adtind SorelRBEC,
B T B SRR YRS e B SRC P B,
heat i ng m&gétt%sqémﬁ'@rfﬂﬂ%r cBmpriing 4 teiBRf €oiNfar Bupplying tukemaeid or and

said series Circuit of the second capacitor "and the second sw tchi ng device
are conf cathode afdhetmagrelren,isaid cathaslecofitbe magresrenbawng s fifrireamprising

sai d firgt SWHSPLAG cARVLGE sBCuAthG middrsSfirfbf Cihpriting SarfffREGu&RRAC tor

and t he
setting means for setting frequency to a level which reduces impedance of said coil.
15 11. A high frequency héating apparatus as defined in Claim 1, said
driving means further comprising voltage detection means for detecting voltage
applied to said first switching device, and said voltage detection means controlling a
pulse width,

12. A high frequency heating apparatus as defined in Claim 11, said
20 voltage detection means having peak hold means comprising a transistor,
resistance, and capacitor. -

13. A high frequency heating apparatus as defined in Claim 1, said
driving means comprising a coil connected to said power supply, a capacitor
connected to said coil, voltage detection means for detecting changes in voltage of

25  said capacitor, reference voltage setting means, and comparison means for
~ comparing a detected level of voltage of said capacitor and a reference level of said
voltage setting means.

14. A high frequency heating apparatus as defined in Claim 13, further
comprising switching means for switching the reference level between at start-up

———

30 and during normal operation.
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second swi tching devigce is connected—n par 1] rimary coil side
of said |eakage tran fmlSFSHEEI&JAS\BEEQF iﬁ ﬂﬂ mﬁﬁﬁ E“B appar at us as
defined in claim1, ere| REP@A@EUI rst jce A «0 series circuit of

t he secon®Qay/3esse or Bre—ttre—seTond Sw t ching device are coptrgessarsio t hat
said series circuit of the second. cap36|tor and the second sw tching device
and said first capacitor are connected in parallel to said first switching:
device. 19. A high frequency heating apparatus as defined in claiml,
wherein said first capacitor is connected to said | eakage transforner.

15. A high frequency heating apparatus as defined in Claim 13,

‘wherein said power supply is a rectified AC power supply, and said high frequency
heating equipment further comprises AC supply voltage detection means for
detecting voltage of said AC power supply, said AC supply voltage detection means
5 comprising a series circuit of a diode and constant voltage device, and the output
signal of said AC supply voltage detection means being input to said voltage
- detection means.

16. A high frequency heating apparatus as defined in Claim 13, further
comprising stop judgment means for outputting a stop signal to said driving means
10  based on the number of times that the detected level of voltage of said capacitor
exceeds the reference level.

———
———
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