PONER FACTOR | MPROVI NG ClI RCUI T FI ELD OF THE INVENTIONEEIQ; t‘(rhe pr esent
invention relates to a power factor inproving circuit anig coRhe, .
particularly, to a novel circuit which reduces harnonic currelty ® cont ai ned
fn AC i nput current and gives excellent efficiency and power factor.

PRI ORART Until now, generall a switching power supply is wdely
used for electronic equipnment suc as vi deo equi pnent, audi o equi pnent,

conputers and also for kncondi tioners,
cooki ng machi nes, | i,ghtm%%fﬂg Mﬁm\?ﬁﬁgaﬁi@ cont rollers,
uninterruptible power supply units. The demand for such a sw tching power
supply is rapidly increasing as electronic technology such as sw tching
for sem conductors, proprietary LSI controller, and high-frequency
magnet i ¢ et IESLAIGF AHHE INVENTEONS i nproves. However, a rectifier
circuit as such a switching power supply requires a large input current
val ue rel ative tThd prespativentivalrsbitestoaspsveey et diprovingtircaigindyover
factor of about 0.6 to 0.67; thus, because of an increased reactive power

I N pover supgley ipasiandrly, %ré%\}el'%lfdﬁé e%mht redubdl Nh&tmBhic chiidht

resource energy of the €arth has been wasted Al so, the harnonic
current conBaRaRb MWk hffut Turfert"BHE &ivel eéléceuent efficiency and power
factor.
PRIOR ART

Until now, generally, a switc}ﬁng | power supply is widely used for
electronic equipment such as video equipment, audio equipment, computers
and also for AC output equipment such as air conditioners, cooking machines,
lighting apparatus, industrial motor co?xtrollers, uninterruptible power
supply units. The demand for such a switching power supply is rapidly
increasing as electronic technology such as switching for semiconductors,
proprietary LSI controller, and high-frequency magnetic materials and
condensers improves.

However, a rectifier circuit as euch a switching power supply requires
a large input current value relative to the power consumption as represented
by an input power factor of about 0.6 to 0.67; thus, because of an increased
reactive power in power supplying and distributing systems, it is p(;inbed out
that resource energy of the earth has been wasted.

Also, the harmonic current component contained in AC input current



=2- causes radio troubles or accidents in power receiving and distributing
facilities, thus the harnonic current conponent is pointed out as a public
nui sance in current supply systens. Fig. 1 illustrates an exanple
of a typical lighting circuit of a conventional inverter-type fluorescent
lanp. In Fig.1, la and |b are AC input termnals, 2 is a high-frequency
filter conmprising a capacitor and ad- inductor, 3 is a single-phase bridge

rectifier cj it C i si diodes, D1, D2, D3 and.D4, 4 is.a, .. .. -
hal f - bri dge{’?{‘f/s%é ﬁ%@grp@g}lwe% PE aﬁ?ld@"é%t%rﬂog eﬁaf?“&%‘f‘,"gGaPé distpibybipgscent
lanp, 7 is tarting capacitor, and 8 is a rush-current_preventin
circuit con%r"ﬁéfi“?ﬁg tgﬂ?égp;wamrﬁmtmwmtsw pPeinted-grt mera pablic
smoot hing capacitor C is connected in parallel between output termnals

of the si nghwisanghinseutrentigepplysystems. circuit 3. In the lighting
circuit showm in Fig. 1, firstly, harnonic current conponent contained in

AC input currentFignt bribhstrares adn Adxaiaply of Upptypicall dighGdghRircultelofi gal s 1 a
and Ib is renoved by the high-frequency filter 2 andg?ectified into DC

current by ddngrehtiBAAR il EaS6r-BpedfiGofdaeind lé‘xhg(r: ThCRid.131a ﬁ?&qt'ﬁg%i‘? rﬁdge bC

current is snoothed by the sioot hing capacit c an conver
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fluorescent lamp, 7 is a starting capacitor, and 8 is a rush-current preventing

circuit comprising a resistance and a triode AC switch. Further, a smoothing
capacitor C1 is connected in parallel between output terminals of the single-
phase bridge rectifier circuit 3.

In the lighting circuit shown in iﬁg 1, firstly, harmonic current
component contained in AC input current entered from an AC power supply
via AC input terminals la and 1b is removed by the high-frequency filter 2
and rectified into DC current by the single-phase bridge rectifier circuit 8.
Secondly, the DC current is smoothed by the smoothing capacitor C1 and
converted into high-frequency AC current by the half-bridge-type invgrter 4,
then impressed onto the fluorescent lamp 6 via the electronic ballast 5.

Fig. 2 schematically illustrates waveforms of AC input voltage e, AC
input current I, and terminal voltage Ve1 of the smoothing capacitor Clin

the conventional lighting circuit shown in Fig. 1. Fig. 3 illustrates input

current waveform and high-order harmonic current component contained in



-3- this input current waveformin a |lighting device of a comrercially
available inverter-type fluorescent |anp having the circuit configuration
as shown in Fig. 1. As is clear fromthe waveforms shown in Figs. 2
and 3, ACinput current I[err] flows only near the nmaxi numvalue of AC

i nput voltage e and exhibits a |arge peak value. This indicates that the
conventional circuit as shown in Fref 1 has a poor formfactor and cannot

sufficient Iéﬁ;em)ve har moni ¢ _current, by. t h(ge hi gh-frequency filter 2 al one,
so that AC i iapyt cugentwaveierm o gk PEA cormgmersially avaidakle
t heret hrough, resultin in a |l ower power factor. As shown in Fig.

3, the i npumverterdype ¢seent lamprhawing 4he |cixgirit copfigivation dmshewndhser ved
val ue of total harnonic distortion (THD) of 112.32% and the power factor

(PF) can beFigalicul ated using the following formula (1) wth the THD val ue.
[err] The cal cul ation gives a value of about 0.665, suggesting a

very large reaciki\e diefrom the waldsims $hbwal 1£ UBEARCESd d, S8! Rlphen for

power factor and harnonic current in a circuit having a recfl_ler circuit
rave. been Sk 1 e S5y BARCEREbLBARIE AP 5 FCLRRNe SRR APl O
exhibits a large p_eak value. This indicates that the conventional circuit as
shown in Fig. 1 has a poor form factor and cannot sufficiently remove
harmonic current by the high-frequency filter 2 alone, so that AC current
containing ﬁuch harmonic current component flows therethrough; resulting
in a lower power factor.
" As shown in Fig. 3, the input current waveform in an actual lighting
device has an observed value of total harmonic distortion (THD) of 112.82%,
and the power factor (PF) can be calculatgd using the following formula (1)

with the THD value.
PF = L

J1* +(THDY

1
V12 +(1.1232)

(»

The calculation gives a value of about 0.665, suggesting a very large
reactive power.
Under such circumstances, regulation for power factor and harmonic
current in a circuit having a rectifier circuit have been set forth by the
International Electrochemical Commission (IEC), thus measures to cope

with this international regulation are required.



As measures to be taken to be in conformty to the regulation set by the
| EC, an active-filter type circuit and a choke-input type circuit has been
pr oposed. However, the conventional active-filter type circuit
'nvol ves a problem in that it conprises many circuit elenents including a
filter for inhibiting smntchlng noi se, leading to a hlgher cost. Further,

t he conventional choke- input tyfe circuit has a problemin that, because
of large vol unme and wei ght it dlffJCU|t to. obtanasf |C|enly hi gh
power factor. S%ﬁ/m 4i‘?—lﬁ"lt onformpity, fod iR, 588V ng, |t

I's the main_obj =ct of the present |nvent|on to provi de a novel | ow cost
pover fact othe --"aoﬁdilﬁgtltéﬁ? terityppicoguitctnd ashokeinpubtine doeuit has beeponent
contained in AC input current in a circuit

.4 having gproposéd.ier circuit and gives an excellent power factor, with a

sinple circuit configuration. BRI EF DESCRI PTI ON OF THE DRAW NGS
The foregoi ng obHewkser, thetorivtivithl adtiesifAgatypb cildfitinosRRE a proyRiM i on
will be better understood fromthe follow ng detail ed description, taken

i n conj unct [ is a
ci rcui Jt di ailél(r)ghrﬁm: #I ustrati ﬁ%gg@rmg t %%‘P%ﬁ‘ﬁ Mc?flﬁg acg%tr?\l;efﬁ ﬁ%lrllig)}“gné
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term nal Voilxxi)%%y}}@ Gircdit %as a prrggﬂ;[nb in %haigjl %aegéfxs%r ofcizla.rge volume and weight,
it was difficult to obtain a sufficiently high power factor.
SUMMARY OF THE INVENTION
In view of the foregoing, it is the main object of the'present invention
to provide a novel low-cost power factor improving circuit which reduces a
harmonic current component contained in AC input current in a circuit
having a rectifier circuit and gives an excgllent power factor, with a simple

circuit configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing objects, features and advantages of the present
invention will be better understood from the following detailed description,
taken in conjunction with the accompanying drawings, in which:

Fig.1 is a circuit diagram illustrating a lighting circuit of a
conventional inverter-type fluorescent lamp; ]

Fig.2 is a schematic graph illustrating waveforms of AC input voltage

e, AC input current I and terminal voltage Ve of a smoothing capacitor C1



=5- in the lighting circuit showm in Fig. 1, Fig.3 is a graph
illustrating an AC input current waveform and har noni ¢ current conponent
contained in this AC input current waveformin a lighting circuit of a
conventional inverter-type fluorescent |lanp having the circuit
configuration as shown in Fig. lg. - Fig.4 is a circuit diagram
illustrating an exanple of a lighting circuit of an inverter-type

fl uorescentldmémégi%@itt ﬂgw%x ( factor inproving circuit of the

present invention, therrat ic graph illustrating
waveforns of AC t. volta AC I nput rrent I[err] and term nal

vol tage V[err] oﬁ'lggys‘ﬁo%tgf g gﬁ'ﬁ&ﬁ?‘%ﬁ il Xanu’cpr\’é %‘i"i‘&ﬂé twayeformi andi 9. 4;
Fig.6 is a graph jllustrating an AC input current waveform and harnonic
current corfRIHRoRIC cuFreat sampoRerhrentamed s this AG nput waveens waveform e
circuit shown in Fi 4, Fig.7 is acircuit diagramillustrating

anot her exaligbting crouityfia capventional inafrtantype fhudresceny fembl hipriggerat | anp
i ncorporating the power factor inproving circuit of the present Invention;

Fig. .8 is aiguipbornfiguratioatdsithowh gugu-t current waveform and harnonic
current conponent contained in this A |nput current waveform V\,hen

connecting a fl ;mg%gql%rkm&&%g}g St eQJ.m ﬂaob?a@hﬂ g;g uleng an

circuit shown i I rcult I agram

exanpl e of g 5% I?ﬁverter-type fluorescent lamp incorporating the power factor

improving circuit of the present invention;

Fig.5 is a schematic graph illustrating waveforms of AC inx;ut voltage
e, AC input current I and texminal voltage Ve of a smoothing capacitor C1
in the circuit shown in Fig. 4;

Fig.6 is a graph illustrating an AC input current waveform and
harmonic current component contained in ghis AC input current waveform in
the circuit shown in Fig. 4;

Fig.7 is a circuit diagram illustrating another example of a lighting
circuit of an inverter-type fluorescent lamp incorporating the power factor
improving circuit of the present invention;

Fig. 8 is a graph illustrating an AC input current waveform and
harmonic current component contained in this AC input current waveform
when connecting a fluorescent lamp of an input power of about 78 W in the
circuit shown in Fig. 7; ’

Fig9 is a circuit diagram illustrating an example of a DC-DC

converter provided with a power factor improving circuit of the present



tonverter provided with a power factor inproving circuit of the present
-6- invention; Fig. 10 is a circuit diagramillustrating another
exanple of a lighting circuit of an inverter-type fluorescent lanp .
incorporating the power factor inproving circuit of the present invention;
Fig.11 is a graph illustrating an AC'input current waveformand a harnonic
current conponent contained in thiS AC i nput current waveform when
connecti ng ﬂ“%h58EEScent | anp of an input power of about 85 Win the
circuit shown 1n Hg. 10; Fig.12 is a circuit diagramillustrating
an exanpl e of application. where the r factor .i nprovi circuit. of the
i nvention shownpf’ﬁ' gﬁds ai‘@“?“ﬁ%ﬁ@’d%ﬁ?’??ﬁﬁ@”%l %"éé‘épq%mfa\) @ng00- v
systemof the lighting circuit; Fig. 13 is a circuit diagram
i || ustratirrenibofan mventardype fludrpsgent dgmp incorperatingathe power dactioype
fluorescent |anmp provided with the power factor inproving circuit of the
present i nviemgroving circuit of thegprebént tavengioaph il |l ustrating an AC i nput
current waveformand a harnonic current conponent contained in this AC
| nputcurrent weRie{ DI 18 a\HRPhCINRERIIA o ACIRIRRCAHrehPHRAveforad aln@Pat
power of about 82 Win the circuit shown in Fig. 13; Fig. 15 is a
circuit di Lib | t e of: i ] r
At Ui ot Hin® e el incihis A cifffehe &Mﬂ%@%‘aby an

factor inproving circuit o |nvent}onhshﬁmmh sha
. I ) v e : : o0 . iy
16°1's a i reuet ety £¥foleRtRl TR o iR AN S Tin the "

circuit shown in Fig. 10;

Fig.12 is a circuit diagram illustrating an example of :«;pplication
where the power factor improving circuit of the invention shown in Fig. 10 is
shared by an input voltage 100-V and 200-V system of the lighting circuit;

Fig.13 is a circuit diagram illustrating another example of a lighting
circuit of an inverter-type fluorescent larﬁ*p provided with the power factor
improving circuit of the present invention;

Fig. 14 is a graph illustrating an AC input current waveform and a
harmonic current component contained in this AC input current waveform
when connecting a fluorescent lamp of an input power of about 82 W in the
circuit shown in Fig. 18;

Fig. 15 is a circuit diagram illustrating an example of application
where the power factor improving circuit of the invention shown in Fig. 13 is
shared by an input voltage 100-V and 200-V system of the lighting'circuit;

Fig.16 is a circuit diagram illustrating another example of the power

factor improving circuit of the present invention;



factor inproving circuit of the present invention; Fig. 17
Is acircuit diagramillustrating further another exanple of the power
factor inproving circuit of the present invention; Fig. 18 is a
Circuit diiagramillustrating further another exanple of the power factor
inmproving circuit of the present invgntion; . Fig 19 is a circuit
diagramillustrating further another exanple of the power factor inproving

circuit of the p |nvent is a aph sC ically
'l ustrating mvﬁ%e%s b ierpm illuptratit i ther aehor BRRmalh §

I[err], a current l[err f|OWI ng through the first LC filter, and a
current I[ePP‘]"e¥f@ﬁﬁﬁ”hgm”iﬂvé%@ﬁlr@‘h’é@éb%ﬂ@ﬁ.egtﬁnwf&#omn t he power factor

i nproving circuit shown in Fig. 19; and Fig. 21 is acircuit
diagramillustr aFlgadSaswarq)imdmgmmp[ﬂuswatmg farthexr andthep ex@inpledf thie

I mproving circuit shown in Fig. 19 is shared by an input voltage 100-V and

200- V' syst epower FAXRGAIhHHS B o Opresdhit iGN Fig. 4

illustrates an exanple of a lighting circuit of an |nverter type

fluorescent |anpppy %iﬁ&%ﬁ&ﬁtﬁ%&@ﬁﬂ?%&t& R ie of¥he! e

present invention. I ght1 ng cifcul e |nver#er type
fl uorescent . ower f.act rrprow ng circuit 9 of
t he |nvent|8n&|g€fag:?ow vi %ﬁ%‘gﬁ H#g ﬁfﬁSSHP%Yedcbh(ﬁ’ a singl e-phase bridge

rectifier 3 co Si di ode 1, 02, and 4 which converts AC voltage
havi ng been entrrgi“{gj 253.6 ﬁ Eematlcallstr)allustratmg waveforms of an AC mput J

| voltage e, an AC input current Iy, a current I1 ﬂowmg through the first L.C
filter, and a current Iz flowing through the second LC filter in the power -
factor improving circuit shown in Fig. 19; and

Fig. 21 is a circuit diagram illustrating a éxample of application where
the power factor improving circuit shown in Fig. 19 is shared by an input

4

voltage 100-V and 200-V system.

DETAILED DESCRIPTION OF THE INVENTION

Fig.4 illustrates an example of a lighting circuit of an inverter-type
fluorescent lamp provided with the power factor improving circuit of the
present invention.

In the lighting circuit of the inverter-type fluorescent lamp shown in
Fig. 4, the power factor improving circuit 9 of the invention is provided
between the output side of a single-phase bridge rectifier 3 comprising diodes

D1, D2, D3 and D4 which converts AC voltage having been entered from AC

input terminals 1a and 1b and passed through a high-frequency filter 2 into



fnput termnals la and | b and passed through a high-frequency filter 2 into
DC vol tage, on the one hand, and a known hal f-bridge-type inverter 4 having
two ONOFF switch transistors 20a and 20b whi ch converts DC voltage into
hi gh-frequency AC voltage, on the other hand. The ot her conponents are the
same as those of the lighting circuit of the conventional inverter-type
fluorescent |lanp shown in Fig. 1: a fruor escent |lanp 6 is connected to the

out put s of | f-bridge-type,inverter 4 w an el ectronic ballast 5 on
one of theﬁgﬁ‘fogﬁgfef ?ﬁé@g%%ﬁgﬁiq %@H@%%%&Hﬁh@ﬁpmxegﬁ% g
hal f - bri dge- lhverter 4; further, a starting capacitor 7 is connected
to the flgc}?“‘é?s@i‘ﬁ@ﬁp s¥rfcly transistors 264 and Rk whigh eanviemsr BG vajtageriotot 9 of
t he present invention conprises a discharging diode D5, a snoothing

capaci t or dughdrenuenexAf moltage,dn the ether hardi The othér cnnponeaitsaré the di odes
D6 and D7, a high-frequency capacitor C2, and a hi gh-frequency choke coil
L1, and addmsenidshthodd ob-thef lightingc virbyitast thapasiivedtioB® inverter-tyH&

di schargi ng di ode D5 and the snoothing capacitor Cl1L are connected Tn

series; an fadscenbbing ShéwAdh Fig2 196 AlGredbSRNBRG) Wisdédh?%gg{aotoa{?ﬂe a plus

pol e term nal 14a of the snoothing capacitor O are connec each
ther. F i i ' ' i t Cl
oget her - amepu TR ARBESLEyR; B5rtlt £31uh HE SRR TR PR O o1
[ it 3 wi d . inal 13b of, the disch ' di ode D5
and a m ndt ereutPul AarcoRgee the insseem datih Scpidtbe elbbpeger vel y

type inverter 4; further, a starting capacitor 7 is connected to the fluorescent

lamp 6.

The power factor improving circuit 9 of the present invention
comprises a discharging diode D5, a smoothing capacitor C1, a discharging
half-bridge rectifier 10 comprising two diodes D6 and D7, a high-frequency
capacitor C2, and a high-frequency choke coil L1, and added with a high-
frequency bypass capacitor CO.

The discharging diode D5 and the smoothing capacitor Cl are
connected in series; an anode iﬁput terminal 13a of the discharging diode D5
and a plus pole terminal 14a of the smoothing capacitor C1 are connected to
each other. Further, the discharging diode D5 and the smoothing capacitor
C1 together are connected in parallel to the single-phase bridge rectifier
circuit 3 with a cathode output terminal 18b of the discharging diode D5 and
a minus pole terminal 14b of the smoothing capacitor C1 res’pectively
connected to a plus output terminal 12a and a minus output terminal 12b of

the single-phase bridge rectifier circuit 3.



eonnected to a plus output termnal 12a and a minus output term nal 12b of
t he singl e-phase bridge rectifier circuit 3.

-9- A plus output term nal 15a of the charging half-bridge rectifier
10, i.e., an output terminal of the diode D6, is connected to the plus
term nal 14a of the snoothing capacitor 1 and a m nus out put term nal
15b of the charging half-bridge rectlfle an i nput term nal of

i.e.,
capaci tor o1 APSREGEIREHARA %%*@éf@%é“?ﬁ%%ﬁr@m‘);“' "
hal f D7,
and abil)ﬁﬂie{l.ow&p*@%ﬁx e#thqéwﬁafﬁ%%aﬁé@ﬁﬂﬁpéﬁeév%@éﬁm Ob in

the hal f-bridge-type inverter 4, the_high-frequency capacitor C2 and the
hi gh- f r equethe) serqakhingoicapaditerr £1, candcd t minus, adpubderminak dbhi ofiithe7a of
t he hi gh-frequency capacitor C2 is connected to the input termnal 16, and

the other tehangnag halfkbridge bectifiexhl0, ife.cgneanput demaimalaf the diode DE is

term nal 18a of the high-frequency choke coil L1 are connected to each
other, and gdimeetdieto theraima pdlgl@eﬁﬁlﬂahqzﬂm dfh;he shiAbRIFCoApabRbeCa0i | L1 is
connected to the connecting point . hus, there is forned a

doubl e-vol tage rBfévh{)éneéJé %&-mqﬁaméwbheclg,sfggggﬁmn& ohiaggipyl no

i nput fromthe half ype I nverter 4 an put to
capact 10 Gl Y kU GRALRA P AR Ahodd B RO TAGREL SRS Tole
2 20,101, VOIS TR CARe St St D o R Bl e
single- phase %rel ﬁgg}ex-fgtae;&égc;rec;pggtgrub2 and the high-frequency choke coil L1 are
connected in series; one terminal 17a of the high-frequency capacitor C2 is
connected fo the input terminal 16, and the other terminal 17b of the high-
frequency capacitor C2 and one terminal 18a of the high-frequency choke coil
L1 are connected to each other, and the other terminal 18b of the high-
frequency choke coil 1.1 is connected to the connecting point 19.

Thus, there is formed a double-voltage rectifier circuit of a high-
frequency AC voltage having input from the half-bridge-type inverter 4 and
output to the smoothing capacitor C1 by the configuration of the high-
frequency choke coil L1, the high-frequency capacitor C1 and the diodes D6
and D7, and there is also formed a partial smoothing circuit by the
connection of the discharging diode D5 so as to ensure a flow toward the plus

‘pole of the single-phase bridge rectifier circuit 3. ’
The high-frequency bypass capacitor CO which absoi'bs high-frequency

noise to prevent flow thereof onto the AC power supply side is connected in



“The hi gh-frequency bypass capacitor CO whi ch absorbs hi gh-frequency noise
to prevent flow thereof onto the AC power supply side is connected in
-10- parallel to the single-phase bridge rectifier circuit 3 with its plus
pole termnal 1la and mnus pole term nal 11b connected to the plus output
termnal 12a and the m nus output term nal 12b, respectively, of the
single- phase bridge rectifier cilf%uit 3. In the lighting circuit

13 Al A PSR s Y AT
G ode Db. " eEmaR iR cam gRineckplerfeyiah 3B Capnepial to ¢h¥ Rlue HgEs. The

hal f-bridge-type inverter 4 starts oscillation by the voltage charged in

t hi s hi gh- ftezminakl2bapd $be suipasionsputotermingl 48k, respectivalyofcheaingler C1 i s
charged via the high-frequency choke coil L1, the high-frequency capacitor
C2 and t he pghaddwid¥e soetifief cirbuit!® charging half- bridge rectifier 10,
i.e., via the high-frequency doubl e-voltage rectifier circuit, only for a

period T[err], iInfthe IfHting Skcut PE6ViAEd Mith the ﬁée‘d'véﬁfab&ﬁ- infprovinpdiraat t age -

avai [ abl e through full-wave rectification by t si ngl e- phase Dbri dge

rect if1er e ol nbou ARG 4 BRBuNBLRBEPAS) X Ucbaihed Shofd, dliEng

snoot hi ng capacitor e chargrng tage o 'S sHDo
capacitor CL. i.e. he rm nal ol tage VIerr] thereof~, vari.es with the
value of i Mt AR el R nodie c4nfFiES p 4 Harithatbdd

hi gh- frequency, choke cail L1 or .exanpl e e he inductance vaJ ue of
the high-fr qﬁ%&ﬁc awegtépd@%ﬁ, Sy Gaechighefroguendy bypass capcttor

CO is charged. The half-bridge-type inverter 4 starts oscillation by the

voltage charged in this high-frequency bypass capacitor CO, and the

’smoothing capacitor C1 is charged via the high-frequency choke coil L1, the
high-frequency capacitor C2 and the diodes D6 and D7 of the charging half-
bridge rectifier 10, i.e., via the high-freque};cy double-voltage rectifier circuit,
only for a period T}, i.e., only for a period during which the DC cutput voltage
available through full-wave rectification by the single-phase bridge rectifier
circuit 3 is higher than the terminal voltage Vcl of the smoothing capacitor
C1.

The charging voltage of this smoothing capacitor C1, i.e., the terminal
voltage Ve thereof, varies vﬁth the value of inductance of the high-frequency
capacitor C2 and the high-frequency choke coil L1. For example, when the
inductance value of the high-frequency capacitor C2 is small and the
inductance value of the high-frequency choke coil L1 is large, the charging

voltage becomes lower. When an appropriate value of impedance is selected,



I nduct ance val ue of the high-frequency choke coil L1 is large, the charging
vol tage becones | ower. When an appropriate value of inpedance is selected,
-11- the charging voltage is increased to about 85% of the nmaximum val ue
of DC output voltage. By using a capacitor and a choke coi

having a serial resonance frequency equal or close to the oscillation
frequency of the half-bridge-type Lpyerter 4 as the high-frequency

capaci tor lygh- fr equenc hoke |l , 1t is possible_t
performc hgﬁ1 S Iad%%r%ﬁﬁgt ﬂ%%o‘&ﬂﬁ?&%%ﬁ%@t?% g@ﬁ qﬂ}i&g m%*‘l“?%‘?‘e‘f‘?ﬁ?‘? .0? D¢
During the %i?d 2 shown in Fig. 5, after the |apse of the period T[err],
the chargi rfﬁ‘ BFV9088% [ err] of the charged snoothing capacitor C becones
hi gher than the instantaneous val ue of DC output voltage of the :

si ngl e- phase bBYgwing & ichpacitar atideaackakeu coil davingr gyserinlt fmsonsmes hi ng
capacitor O is therefore supplied to the half-bridge-type inverter 4 via
the di schafgéquenctieapel 05 .cldder tonhet dicillation Sebglidncy of ¢his MRAM-bFHEgNEypt O t he
si ngl e-phase bridge rectifier circuit 3. That is, the AC input
current |[ anvértbt @V €Y NighUfrbQled I capakitor! CH £id ]ﬁ%? fhi%é-?ﬂﬁ&eﬁc;{ ggzéﬁé ant

current by the addition of current I[érr] to the

I nverter 4 | ] | Q- I tor and

current 1 [ SO Rppilgeh pbiBihlcthetra®or iR o Scieat CTmBRe

wavef or m %ﬁiggﬁﬂ% in Fig. 5. Fig. 6 illustrates an observed
I'n . '

waveform o Ut current in the

During the period Ty shown in Fig. 5, after the lapse of the period T;,
the charging voltage V¢ of the charged smoothing capacitor C-l becoines
higher than the instantaneous value of DC output voltage of the single-phase
bridge rectifier 4. The accumulated energy in the smoothing capacitor C1 is
therefore supplied to the half-bridge-type inverter. 4 via the discﬁarging
diode D5. During this period Ts, no currenthows into the single-phase bridge
rectifier circuit 8.

That is, the AC input current L. flows only during the period Ty,
forming a resultant current by the addition of current I; to the half-bridge-
type inverter 4, charging current Iz to the smoothing capacitor C1 and
current Io to the high-frequency bypass capacitor C0, and takes a waveform
as shown in Fig. 5.

Fig. 6 illustrates an observed waveform of AC input current in the
circuit shown in Fig. 4 and a harmonic current component contained in AC
mput current.

As shown in Fig. 6, AC input current has a waveform similar to the



circuit shown in Fig. 4 and a harnonic current conponent contained in AC

| nput current. As shown in Fig. 6, AC input current has a waveform
simlar to the -12- current
wavef orm shown in Fig. 5, and the harnonic current conponent of the AC

I nput current is largely reduced as conpared with the harnonic current
conponent of AC input current in the comdntional circuit shown in Fig. 1,

as represen ar moni+&. di.st ont THD r.educed,to a half .into
55, 060 bRl WAL ?ﬂ%‘%r‘n Fie; 1 ol ﬁ“\%&h RREROPE R GPapqtipnt of; o
cal cul ated foll ow faornmul a; to be about 0.873, which
shows an i éﬁm rlsfléﬁgfﬂy Wﬂuﬁéfeﬂstﬁ% apesbsvith 4he kermeonine
power factor of 0.665 |n the conventional circuit shown in Fig. 1.

Accor di ng t@urert guopendrdafakCiinpubourmgnt in ¢he cosvesitianad circaiteshown in

I nvention, as described above, it is possible to achieve a high power

factor t hrEiwfl, as eopisdrteabbye al topalohfimonhicalistortionPHD Fedaicod t6fa hilE

lighting circuit of an inverter-type fluorescent |anp having a

si ngl e- phasigtbsed®es. rectifier circuit 3 by only adding a few el enents
bet ween t he known single- phase bridge rectifier circuit 3 and the

hal f - bri dge-t ypep fé@&filefacﬁor BF in the TightRe RS of gt £8 EABYRLA BP Bhe

circuit shown |n

following formula;
PF=— ("‘ :
\/1 +{THD
) (2)

B J17 +(0.56)°

to be about 0.873, which shows an improvement of power factor of more than
20% relative to the power factor of 0.665 in the conventional circuit shown in
Fig. 1. -t

According to the power factor improving circuit 9 of the present
invention, as described above, it is possible to achieve a high power factor
through a considerable improvement of the power factor of the lighting
circuit of an inverter-type fluorescent lamp having a single-phase bridge
rectifier circuit 8 by only adding a few elements between the known single-
phase bridge rectifier circuit 3 and the half-bridge-type inverter 4.

Furthermore, in the conventional circuit shown in Fig. 1, charging
current several tens of times as large as the rated value, i.e., a rush current
flows for the smoothing capacitor C1 upon power-on. Consequently, when a

device having a power of at least several tens of watts is connected as a load,



current several tens of tinmes as large as the rated value, i.e., a rush
current flows for the snoothing capacitor Cl upon power-on. Consequently,
when a device having a power of at |east several tens of watts is
connected as a | oad, -13- it is
necessary to connect a rush-current preventing circuit 8 which, in order

to prevent such a rush current, conprléés a resistance and a trlode AC

or ovi ng. e BRFosarefs phithect addish-ibERE P enPe LRt & WhIFhOM TR 1 o

three tines as | arge as. the_ rated current, continues only for several
cycles, it #%pwntr@@bsgaqulx euEreBt.s CURPEISeS Shresistaage andwetripdy AC cuit,
resulting in a nore conpact and | ess expensive circuit lighter in weight

with a snaldwitchvdBy nsbre a tightingheiradh iecorparading thghpower ficteriithproving
Fig. 7 illustrates a lighting circuit of an inverter-type fluorescent |anp

i ncor por at loamﬁaetdfafheqme@hmmm‘on; e witiéRra E@bAt tWioQhired tihés pst Of
the present invention. The power factor inproving circuit 21 of the

nvention Naged s $R°ratel Gtk WhiiBlded by B LBRerPUGIdeaGole LD OVI NG

circdit 9 of e I nvention own in Fig excep érglng

resi stance t rgi,.n Term nal s
22a and ZZb&o%F g?#g%gﬁ?ragéi'%g ‘?'@f% ?léﬁ% t pkhx‘?%é%ﬁ ﬁ‘gl& ge&“{‘é;nﬁﬁn&'n’&&& nput
termnal 1la and,a gat hode out put. 13b. qf th di schar di ode
D5, r espect%%‘f‘t eﬁ? Frapens, ‘8‘?7‘6‘6%211@ ’é 1 Fe tha s, &?ﬁ? ng
circuit shown in By the addition of the charging resistance

Rc in par amhépt{bsqongenfa%%lﬂwlgmgc’a e D5, as descri bed above I[err]

which is a part of the charging
Fig. 7 illustrates a lighting circuit of an inverter-type ﬂuorescent lamp

incorporating another embodiment of the power factor. improving circuit of
the present invention.

The power factor improving circuit 21 of the invention has the same
circuit configuration as the power factor inﬁproving circuit 9 of the invention
shown in Fig. 4, except for a charging resistance Rc connected in parallel to
the discharging diode D5. Terminals 22a and 22b of the charging resistance
Rc are connected to an anode input terminal 11a and a cathode output
terminal 13b of the discharging diode D35, respectively. The other
components are the same as in the lighting circuit shown in Fig. 4.

By the addition of the charging resistance Rec in parallel to the
discharging diode D5, as described above, Is’ which is a part of the charging
current I necessary for charging the smoothing capacitor C1 flows through
the charging resistance Rc to the smoothing capacitor Cl. The high-

frequency current Is supplied from the half-bridge-type inverter 4 is



current I[err] necessary for charging the snoothing capacitor Cl flows
through the charging resistance Rc to the snpothing capacitor Cl. The

hi gh- frequency current I[err] supplied from the half-bridge-type -
i'nverter 4 is therefore calculated by the following fornula (3):
I[err] =1[err] - I[err]" (3) -14- Accordingly, it is possible to
reduce the charging current I[err] by an anount equal to the charging

current I[e whi ¢ t h the, hargi resi stance Rc, and thus
to prevent g’%@%?@&?@%%%‘@ﬁ Y]e 'ﬂg(ﬁgat generation of the

OV OFF swi tch tr§n5|st9rs 2@2 and 20b in the half-bridge- type inverter 4.
Because the chargi ng?réki stance Rc operates only during charging of the
shoot hi ng capacitor Cl and the discharging diode D5 operates during

di schargi ng, no Accozdingly,aifsisdpossible to Feducesthe ichergingeauraentAls bypan
current waveform and a harnonic current conponent when connecting an

i nverter-tyamouhtieqaal tothd ahrgingfcurtenti IZpwhiqiofiews thredghithe’ Shi¥ging

As is clear fromFig. 8, the harnonic current conponent satisfies the

regul ati on ¥aigt8ned RehandEhus! 6CpAdeBt 3 ddcrelibd tn 2FEGEALY 9@&@&”1& heat

distortion of 74.28% resulti ng in a power factor of about

Accor di ngl Ve 11668 b he F@? F h%ﬁ%g%ngg(ferﬁ oh A 20b ix?ﬁéé %%%—e%r&if%ét or

prevents a ecrease I n e | CI ency y IerrOVGS

dl t t hat it bl t |1 t
bover 1 act ot iR RRR 4 "Hodalibe e, sRaRESE rtBtddts RE dbeEatte (T FERE. once
Rc,

charging of the smoothing capacitor Cl1 and the discharging diode D5
operates during discharging, no loss is caused. . ‘

Fig. 8 illustrates an AC input current waveform and a harmonic
current component when connecting an inverter-type fluorescent lamp 6 of
an input power of about 78 W.

As is clear from Fig. 8, the harmon?c current component satisfies the
regulation value of the JIEC (IEC-1000-3-2), with a total harmonic distortion
of 74.28%, resulting in a power factor of about 0.8. Accordingly, the power
factor improving circuit 21 of the invention prevents a decrease in efficiency
and largely improves the power factor.

It is needless to mention that it is possible to achieve a more excellent
power factor by appropriately selecting values for the charging resistance Re,
the high-frequency capacitor C2 and the high-frequency choke coil L.

Fig. 9 illustrates a DC-DC converter provided with a pov;rer factor
improving circuit of the present invention.

In the DC-DC converter shown in Fig. 9, the power factor improving



the hi gh-frequency capacitor C2 and the high-frequency choke coil L.

Fig. 9 illustrates a DC-DC .converter provided with a power factor
i nproving circuit of the present invention. In the DC-DC converter
shown in Fig. 9, the power factor inproving circuit 27 of the

I nvention is provided between the Qﬁ%gut side of the single- phase bridge
rectifier circuit 3, on the one hand, and the known bridge-type inverter

26 having t E.sw.tch trangi stors,..24a/24h and 5a/.25p. The
o1 dge. {ype oSl 2T O R inShIuSHE BRGARTBRRYRFD e Briit it Batomely
hundreds of MWatts.. ._The power factor inproving circuit 27 of the

i nvent i on cBARSY E’é rectifiengirgih g em she ops hand; sad: thedgnavap beidgertype, a
charging brjdge rectifier 28 conprising diodes D8, D9, D10 and D11,

hi gh- f r equeprexpdei hasringdre sebsd o QEE mwifichf trageistons Rdai2dboasd L2a
and L2b, and hi gh-frequency bypass capacitor CO for absorbing

hi gh- f r eque®&a/2hbi Thetlridgatype inveetera®® haisr @ veldtomily hightsutphe ofovapver
supply side. More specifically, a plus pole termnal 14a of the

snoot hi ng cegveeal RindfedsdfWate! us output term nal 29a of the charging
bridge rectifier 28 are conmon-connected to one output termnal 12a of the

oot hi ng- capaci | oy PAYRE b infbiotiig citputt 21 B R A Geh Gl B For | dge
S B B W S el
AR TR AR R
and C3b, and high-frequency inductors L2a and L2b, and high:ﬁ'equency _
bypass capacitor CO for absorbing high-frequency noise to prevent.the same
from flowing onto the AC power supply side.
More specifically, a plus pole terminal 14a of the smoothing capacitor
C1 and a plus output terminal 29a of thg charging bridge rectifier 28 are
common-connected to one output terminal 12a of the single-phase bridge
rectifier circuit 3. A minus pole terminal 14b of the smoothing capacitor C1, a
minus output terminal 29b of the charging bridge rectifier 28, and a cathode
output terminal 13b of the discharging diode D5 are common-connected, and
an anode terminal 13a of the discharging diode D5 is connected to the other
minus output terminal 12b of the single-phase bridge rectifier circuit 8
High-frequency capacitors C3a and C8b are connected in series to
Input terminals 30a and 30b of the charging bridge rectifier 28, resi)ectively,

and high-frequency choke coils L2a and L2b are connected to these high-

frequency capacitors C3a and C38b, respectively. Further, these high-



H gh-frequency capacitors C3a and C3b are connected in series to input
termnals 30a and 30b of the charging bridge rectifier 28, respectively,
and hi gh-frequency choke coils L2a and L2b are connected to these high-
f'requency capacitors C3a and C3b, respectively. Further, these high-

-16- frequency choke coils L2a and,}t2b are connected to connecting points
of the two sets of ON OFF switch T+&Rsistors in the bri dge-type inverter

Cr ansi st or SsaP S I0Sh B9 dnd 28 0§ BpRBhels St potilalcthe,

OV OFF switch trans] 25a_and 25b. . The hi gh-frequency bypass
capaci tor C¥9 §eté&2m@é§iswi¢§rt§ﬁmst% ipghe @F‘il@'gﬂ‘%ﬁ&é’é F‘iQt%gbeﬂ &etifier

circuit 3; a plus termpnal 1lla and a mnus__termnal IIb are connected to a
pl us out put2 cenneding point Sdofond sefsof tha GIN/ORF switeh trapsistorsi4a and
si ngl e-phase bridge rectifier circuit 3, respectively. In the DC-DC

converter 24bviael avicohnédting guint 3R tofr anobhesvsatg of cthec ON/OFF oswittle
i nvention having a circuit configuration described above, operations

simlar to grhnsetcrs I5acampyss. factor inproving circuit 9 in the 1ighting
circuit of the inverter-type fluorescent |lanp shown in Fig. 4 are carried

cul ™ ! . o anp s g .
out € PRYRI H—ﬁ%ﬁ&én&%‘@é&‘éb QgP&&E&F’Cé ige dI, {é’hﬁ%%%eg gb gyfme .

sui table for inprow%g power tor acircuit to

el ativel y Suptd o S Biheh SoGARAP Gt B BRI takRRLE" 1AM b thight oV
terminal 11b are connected to a plus output terminal 12a and a minus
output terminal 12b of the single-phase bridge rectifier 'circuit 3,
respectively.

In the DC-DC converter provided with:the power factor improving
circuit 27 of the invention having a circuit configuration described above,
operations similar to those of the power factor improving circuit 9 in the
lighting circuit of the inverter-type fluorescent lamp shown in Fig. 4 are
carried out.

The power factor improving circuit 9 shown in Fig. 4 is suitable for
improving power factor of a circuit to which a load of a relatively small
output is connected. The power factor improving circuit 27 shown in Fig. 9 is
suitable, on the other hand, for remarkably improving power factor of a
circuit to which a high-output load is connected.

It is needless to mention that the power factor improving circuit 27

shown in Fig. 9 may have a charging resistance connected in parallel to the

discharging diode D5. In this case, as in the case of the power factor



suitable, on the other hand, for remarkably inproving power factor of a
circuit to which a high-output |oad is connected. It is needless to
mention that the power factor inproving circuit 27 shown in Fig. 9 may
have a charging resistance connected in parallel to the discharging diode
D5. In this case, as in the case of_jhe power factor

-17- inproving circuit 21 in the lighting circuit shomn in Fig. 7, the

char gi ng ot hi n ci.t or. I S re arount
equal to t h%ﬁf’ﬁo[ﬁl?g ‘{i'ﬁ ﬂﬁﬁﬁggh‘ar%ﬂscéf’wa 1rne gv @é’ Nt he
power factor ng CIFQUIt 27 ,of the present |nvent|on prevents a
decrease in uré'FH?Ef é%&%@%ﬁbé’é@ Cﬁl}a%@&'tébéﬁﬁ?@%qeé PYotn emouny egual $oithe h
transistors in the bridge-type inverter 26, and |largely inproves power
factor. currentiftpwing thrbugh riﬂmeehagmgna'esxstmqm T'hois, tthe power fhetokor
improving circuit of the present invention used in a lighting circuit of
an invert erimyyosing | cieguds cZhtof! €@ .present invémtiéheprevehtd 0 ddersaset iRf the
i nverter-type fluorescent lanp showmn in Fig. 10, the power factor

i mprovi ng céffeidnicy 23uséd wﬁeaag@ﬂsrwenmné ON/OFR sw@ﬂcﬁ%‘i’éﬁ&b&gesh @H& D5 a

smoot’hi ng capacitor O, and a charging resistance Rc I's provi

out put sid JGlve | further, a
hal f-bri dggbl'?ége fdnvertgtﬁéy?%g g& lg%%ti)reg’%:ge‘}rﬁ% o%é'ﬁ'é&%g a load are
connected to th ut,. si.de of t power .fac r ov cjrcuit 23. The
ot her conponents %t &4 flustzgtes anqthe h ’Er?é‘aﬁ%}ﬁt?fl élecpggﬁrtfag%rtmpromg
conventional. i, nvgrter type.fluorescent, | anpp_.shown in Fig. 1. In the
pover fact dir§ tk%gr%ﬁl’e inventonopsedin aﬂxgémrrg)ﬁrcmh of an mverter-type

fluorescent lamp.

In the lighting circuit of the inverter-type fluorescent lamp shown in
Fig. 10, the power factor improving circuit 23 of the invention comprising a
discharging diode D5, a smoothing capacitor C1, and a charging resistance
Re is provided on the output side of a sing'ie-ﬁhase bridge rectifier circuit 3;
further, a half-bridge-type inverter 4 and a fluorescent lamp 6 as a load are
connected to the output side of this power factor improving circuit 23. The
other components are the same as in thé lighting circuit of the conventional
inverter-type fluorescent lamp shown in Fig. 1.

In the power factor improving circuit 23 of the invention, the
discharging diode D5 and the smoothing capacitor C1 are connected in series
through connection of an anode input terminal 13a of the discharging diode
D5 with a plus pole terminal 14a of the smoothing capacitor C1; and they are
connected in parallel to the single-phase bridge rectifier circuit 3, in which a

cathode output terminal 13b of the discharging diode D5 and a minus pole



di schargi ng di ode D5 and the snoot hing capacitor ClL are connected in series
t hrough connection of an anode input term nal 13a of the discharging diode
D5 with a plus pole term nal 14a of the snoothing capacitor O ; and they
are connected in parallel to the single-phase bridge rectifier circuit 3,
in which a cathode out put terninal_f?p of the discharging diode D5 and a
m nus pol e termnal 14b of "The snoothing capacitor Cl are

connect ¢4t gerkniBl 348UHAHp ook S ka8t ol AU a bLIbARH120 O

t he singl e-phase bridge rectitier” Ci respe

di schargi ng, di o IS gonnected so as ta e e flowjtopard a _plus pole

of the si ngf® B%%ggéﬁr? & TRy} PPEE’“%F‘?”PHF‘PT ?%n?ft the ﬁ‘é‘gggﬁgﬁﬁﬁ bridge

snoothing circyjit., The charging resistance Rc is connected in

paral | el to“t"ﬁ’geai"?é’ﬁﬁr%irﬁgpe@w@bé D5; one terminal 22a is connected to a

serial -connection common termnal of the discharging diode D5 and the

snoot hi ng capaci The dischargiag, diade D ixleonmmeivd te msitoadnsiBe flokw téveard a

di scharging diode D5 or a plus ternmnal 14a of the snoothing capacitor Ci,

and the ot hplustpolaiofathe2sihglesphanbeitlgd redtifier RIS did Rirnd sr%aﬁm 13b
ypass

of the discharging di ode D5. Further, the high-frequency
capaci tor (FnbsthiRspReaRd in parallel between the output terminals 12a and
12b of the single-phase bridge rectifier circuit 3. In the lighting

Lo o 0, T i B TR M AR AR R
diode D5; one terminal 22a is connected to a serial-connection common
terminal of the discharging diode D5 and the smoothing capacitor 61, ie., an .
anode input terminal 13a of the discharging diode D5 or a plus terminal 14a
of the smoothing capacitor C1, and the other terminal 22b is connected to é
cathode output terminal 18b of the discharging diode D5.

Further, the high-frequency bypags capacitor CO is connected .in
parallel between the output terminals 12a and 12b of the single-phase bridge
rectifier circuit 3. |

In the lighting circuit of the inverter-type fluorescent lamp provided
with the power factor improving circuit 23 of the invention having a circuit
configuration described above, when a fluorescent lamp 6 of an input power
of about 85 W is turned on, as shown in Fig. 11, there is obtained a total
barmonic distortion THD of 68.80%, resulting in a power factor of 0.845.
And, the harmonic current component satisfies the value set forth in IEC-
1000-3-2.

In the lighting circuit shown in Fig. 10, since rush current caused by



configuration described above, when a fluorescent lanp 6 of an input power
of about 85 Wis turned on, as shown in Fig. 11, there is obtained a total
har moni ¢ distortion THD of 63.30% resulting in a power factor of 0.845.
And, the harnonic current conponent satisfies the value set forth in | EC
1000- 3- 2. In the lighting circuit showm in Fig. 10, since rush
current caused by -19- -19- charging of

roei ot ance ETERE G ke (hpdlifiyy %*Sﬁé?%ﬂgdli.dpgﬁ bSHettbn HCURSRR Byjfthe | ¢
Cor oo SoebimsiaPiad Tt SXobithct e s et e Hevon £ FAg posc bl e

to considerably inprove power factor. Even when the power factor

i nprovi ng % Bekinecessasy. Thus,i by enly Wlngth@rm&dqwcyrbmwcagam
circuit shown in Fig. 10, the decrease in efficiency is smaller than the
decrease i ©Gfthe dusnhaygﬂigrhu@@%ramtthw&éngﬁﬁgteswtambe Regitriy pobsiblato act i ve
filter circuit as described above, thus permtting naintenance of a very

excel | ent ebhsiderably improve powédfaclor. i1l ustrates an exanple of application
where the power factor inproving circuit of the invention is shared by an

| put voltage 18ReN @hén tB8GoledVBLART Blpdind LRBLI"A 6f 19&*;# velifpiid N Fi 9.

10. he power factor “i nproving ci I ng CIrCUIt

sover { act 5%19%%%3?%592“% SO BTR 1 i e delreRed fp ey |1
%g?r?%egiﬁ)l A ﬁI %ﬁe l&ecpezas\évlh e c%envégr };hmxgud ng?aarc I ggﬁl%éz(?qgsth%;a and

conventional active filter circuit as described above, thus perm1tt1ng
maintenance of a very excellent efficiency.

Fig. 12 illustrates an example of application where the power factor
improving circuit of the invention is shared by an input voltage 100-V and
200-V system of the lighting circuit shown in Fig. 10.

The power factor improving circuit 23 in the lighting circuit shown in
Fig. 12 is a double-voltage rectifier circuit provided with two power factor
Improving circuits 23 shown in Fig. 10 for lighting a fluorescent lamp 6 of
about 62 W to 102 W: two discharging diodes D5a and D5b, two smoothing
capacitors Cla and C1b, two charging resistances Rca and Rcb, and a high-
frequency b@ass capacitor CO are respectively connected. |

An anode of the discharging diode D5a and a cathode of the
discharging diode D5b are connected to each other; the smoothing ;:apacitor
Cla is connected in series to a cathode of the discharging diode D5a; and the

smoothing capacitor C1b is connected in series to an anode of the discharging



capacitors Ca and b, tw charging resistances Rca and Rcb, and a high-
frequency bypass capacitor CO are respectively connected. An anode
of the discharging diode Dsa and a cathode of the discharging di ode D5b
are connected to each other; the snoothing capacitor Ca is connected in
series to a cathode of the di schar&ng di ode D5a; and the snoothing
capacitor Cb is connected in seri®S to an anode of the discharging

-20- di ode e Ml | nect ed
n sert es, Sl THEE 1At RUSHANCRTHATI SR Bty bihopted 51
serial connectin | nt of .the dischargjng,.di odgs D5a and b, these being
connect ed | §PFFAr a?%}‘ﬁﬁh?osetr}?é ?H@}ﬂ‘fg'%‘gi Hg‘”&i thezreo %%H&eﬁﬁg%‘? & 5eBR vel v,
The hi gh-frequency bypass capacitor CO is_connected in parallel to these
char gi ng r econaegipgspoint of t Gﬂhycmlh%ghode%daéﬁcyni)yﬁﬁbs thegmdieing QO i s
provided to reduce the nunber of elenents, and this capacitor CO has a

di el ectri c commeoigdhint paradledto thieghisclsargiag ditsled DHa tand D&bg resgpientivelyo
capacitors. The high-frequency bypass capacitor CO may be connected in
paral | el bernedfighifidytentR Hipass TapfEitéh €05id8brendebad n 5 dralie] 6 cthiehd er
circuit 3. The charging resistance Rc, as well, may be reduced-to

one by di redfkthiGesconnecting term nal between the connecting point
of the two charding resistances Rca and Rcb and t he connecting point of

the two dischargj i an . C | ovi ng
(he Lo sehar gy 0,4l e LA comaitor O AOVBIsd 45k S
| proves pol\ll\lkllalglb{alg 6 &Qxﬂe%téi, an &L.{Is tcaggc\:/iwtgcs has a dielectric strength twice as

high as that used in the case using two capacitors. The high;ﬁ'equency
bypass capacitor CO may be connected in parallel between output terminals
of the single-phase bridge rectifier circuit 3.

The charging resistance Rec, as well, may be reduced to omne by
disconnecting the connecting terminal bet?ween the connecting point of the
two charging resistances Rca and Rcb and the connecting point of the two
discharging diodes D5a and D5b.

The power factor improving circuit 23 shared by 100-V and 200-V
systems of input voltage also improves power factor in a circuit having a
rectifier circuit as in the power factor improving circuit shown in Fig. 10, and
gives an efficiency and a light emitting ability similar thereté. In addition,
occurrence of switching noise onto the AC power supply side is less frequent.

Fig. 18 illustrates another example of a lighting circuit of an’inverter-
type fluorescent lamp provided with the power factor improving circuit of the

invention.



rectifier circuit as in the power factor inproving circuit show in Fig.

10, and gives an efficiency and a light emtting ability simlar thereto.
In addition, occurrence of switching noise onto the AC power supply. side
i's less frequent. Fig. 13 illustrates another exanple of a'lighting
circuit of an inverter- type fluorescent |anp provided with the power
factor inproving circuit of the imedntion.

-21- In the,lighting circuit of.the inverter-type tluorescent |anp
shown in  Fig. 1atbe FERGRE ot inyerierhape oneacons 1m showmmiRnt | on
is provided on__ the output side of a single-phase bridge rectifier circuit
3 conpri si nigdl8die powsr fagtor ipwrawingvircuih @3f the imeention isprovidedeon T
conprising a primary wi nding nl1 and a secondary w nding n2, an auxiliary
char gi ng sithgl aiphbisile ofta sigte-phasé bridige Iéctifiapcirenit § cimpesingldiodsd 4, D15
and D16, a di scharging di ode D5, a diode D12, and a snoot hi ng capacitor
Cl, with fDLhBR, DNagh-D4, dtideoRpEised YD dfetnsIRaér TOfoniPrising a primMBy €
specifically, a mnus pole termnal 14b of the snmoothing capacitor 'Cl and

2 nus oulpidihe Rl o k&brlar) hindlghe: BRAAIRE Kol AP LISPREL Ul | 3

are connected to each other, and the prinmary w ndi ransf or mer
T is conne . S.t.erm. f L SND I.ng ,.capacitor C
and a pl us%ﬁ%{%%%%sﬁa@%égg%ﬁ(g&sﬁig @%h@?g %‘f@ég’ grdégﬁfq:rgg}g
circuit 3. ,. The. di rgi di ode.D5 and .t he_ di od 12 are _connect ed
in series; d&““c%&u@@%ﬁﬂﬁﬁ@@ﬂ FRRH# o@f’aY’ét%c&%%’é@t adught ual |y,
and they arge conn%cted in parallel to the primary wi nding nl of the

t r ansf or meréguency bypass capacitor CO.

More speciﬁcally, a minus pole terminal 14b of the .smoothing
capacitor C1 and a minus output terminal 12b of the single-phase bridge
rectifier circuit 3 are connected to each other, and the primary winding n1 of
the transformer T is connected between a plus terminal 14a of the smoothing
capacitor C1 and a plus output termina& 12a of the single-phase bridge
rectifier circuit 3. |

The discharging diode D5 and the diode D12 are connected in series; a
cathode 13b and a cathode 35b thereof are connected mutually, and they are
connected in parallel to the primary winding n1 of the transformer T.

On the other hand, AC input terminals 86a and 36b of the auxiliary
charging single-phase bridge rectifier 84 are connected to the secondary
winding n2 of the transformer T. A plus DC output terminal 37a and a minus
output terminal 37b of the auxiliary charging single-phase bridge re;ctiﬁer 34
are connected to the plus pole terminal 14a and the minus pole terminal 14b

of the smoothing capacitor C1, respectively.



On the other hand, AC input termnals 36a and 36b of the auxiliary
char gi ng singl e-phase bridge rectifier 34 are connected to the secondary

wi nding n2 of the transfornmer T. A plus DC output term nal 37a and a-m nus
output termnal 37b of the auxiliary charging single-phase bridge rectifier
34 are connected to the plus pole jermnal 14a and the mnus pole term nal
14b of the snoothing capacitor respectively.

paral el to JQGTQE%Q&W%Q%%S% BoREOr oY% ?'%%%eé?ﬂﬁﬁééﬁeﬂ%%sl 1a
Connected | BREChRARRAIgh T e‘?wﬂr’cﬁ&%ﬂ%&?“ “ad Ahatber PrBRATo) ¢

term nal 14b_of the snoothing capacitor , _respectivel In this
pover fact ol1b abthahigh-equericy kypass camlmmarmom tiora @ithode 13b t he
primary w nding nl and the secondary winding n2 of the transformer T are
connect ed aef thesdisclragiabhdiode IISiapdta fainns pble wearindbl 4b of tht s@oothihg

rectified by the auxiliary single-phase bridge rectifier 34, then the DC

out put  powsdpdciter €1, Qgg,lfdaﬁg,ggs t he sm)othl ng capacitor C conplenentarily.
Mai n chargi ng of the snoothing capacitor I's acconpl i shed via the

gt whgd;rﬁnﬁghwwongfgag%ﬁww%c@g@g e
i D16
T o R RS o o e A 11

efficiency ,},or are E:Qz?ngéterag gzls Elegcnbed above. Output from the secondary wmd.mg n2 is

rectified by the auxiliary single-phase bridge rectifier 84, then the DC output
power therefrom charges the smoothing capacitor Cl1 complementarily.
Main charging of the smoothing capacitor Cl is accomplished via the
primary winding nl.

Accordingly, power loss comprises'sonly a core loss in the primary
winding nl and the secondary winding n2 of the transformer T and a loss
caused by the diodes D13, D14, D15 and D16 in the auxiliary charging
single-phase bridge rectifier 34, and thus, the efficiency for the circuit as a
whole is improved by about 8% as compared with the circuits shown in Figs.
10 and 11.

The power factor improving circuit 33 shown in Fig. 13 is suitable for
Improving power factor of an appliance giving an output power of at least
100 W, '

Although the diode D12 suffers from power loss because of the flow of

current from the single-phase bridge rectifier 3, it is possible to further



whol e is inproved by about 3% as conpared with the circuits shown in Figs.
10 and 11. The power factor inproving circuit 33 shown in Fig. 13 is
suitable for inproving power factor of an appliance giving an output power
of at least 100 W Al t hough the diode D12 suffers. from power |oss
because of the flow of current fre&3the singl e-phase bridge rectifier 3,

It is possible to further -23-

i mprove ef f%%%%iﬁ&e Bp of Ltlé? WrbuftSata WAL ShBE théReisCavlabigid alks 2

nore remar le effect o ficiently taking out energy on the secondary .

winding n ' t rrangd ormer T and: auxi | iar ' f

snoot hi ng 21@%%%#’(&) E%%t of%u%mer@ﬁ% ﬁa)&%@n%lﬁaéﬂerggpéstgxg%e%ﬂ'a%ﬁ?%w %{ﬁ% I nput

power of about .82 in the Jighting cjrcuit sho in Fig. 13, as_shown in

Fig. 14, a rg%v&;&ef cthe teamstormer (L and apeiliato, charging,oph thi Smeptiang

distortion THD of 60.75% satisfying the regulation value of |IEC 1000-3-2.

Al t hough t eapacasfdsner T used in the case has a capacity of only about 5

Wthat is the sanme capacity as that of the choke coil used in the

convent i onal chdWaennmihg tayfleorescenti lampSweraxt aAgiutrpower ofrgbomte82 W) imor e

than 10% Fig. 15 illustrates an exanple of application where the

power fact ofhe Lightify citduit! sHowhi iBFi®f 13, shvvemtin Wigus4ta gawtebqaétbﬁhfi ng

circuit showmn in Fig. 13 is shared by input voltage 100-V and 200-V

syst ens. 3 ' ' | i ' EhON i N
0.86 is a‘taﬁyea\@m Eﬁ&%} gapz% Wi @istdrtiod THIB0L£60.75%, sRMERihS

the lighting ‘circurt shown i conprises a transtormer T having
primary w nlﬂa'enﬂesgulation value of IEC-1000-3-2. Although the transformer T used in

the case has a capacity of only gbout 5 W that is the same capacits; as that of .
the choke coil used in the conventional choke input type circuit, power factor
_is improved by more than 10%.

Fig. 15 illustrates an example of application where the power factor
improving circuit 38 of the invention used in the lighting circuit shown in Fig.
13 is shared by input voltage 100-V and 200-V systems.

The power factor improving circuit 38 of the invention in the lighting
circuit shown in Fig. 15 comprises a transformer T having primary windings
nla and nlb and secondary windings n2a and n2b, an auxiliary charging
single-phase bridge rectifier 34, two discharging diodes D5a and D5b, diodes
12a and 12b, and smoothing capacitors Cla and C1b.

The discharging diodes D5a and D12a, of which each cathode is
commonly connected, are connected in parallel to the primary windfng nla of
the transformer T, and the discharging diodes D5b and D12b, of which each

anode is commonly connected, are connected in parallel to the other primary



nla and nlb and secondary w ndings n2a and n2b, an auxiliary charging
si ngl e-phase bridge rectifier 34, two discharging di odes D5a and D5b,

di odes 12a and 12b, and snoot hi ng capacitors Ca and Clb. The
di schargi ng di odes D5a and Dl12a, of which each cathode is. comonly
connected, are connected in parallel-to the primary wi nding nla of the
transforrrer T, and the di schargl ng24t odes Ds5b and Dl 2b, of which each

anode is ¢ n re cognected in parallel to the other primary
-24- wi ndi nm#ééé‘ﬁ% %ﬁ?iﬁﬁf@ O’B A pI us DC terminal and a

m nus DCtermn auxi liary chargln se,  bridge rectlfler
34 are connecte EHQJsteﬁBP@l pednfnEings ]5 %% S’taﬁ é%tp%?é’Fl

and a m nus pole term nal of the snoothing capacitor Clb respectlvely
Further, tehargite fsingleehaye bhridgs reatifier t 34 s21@0 sommett@bhtoame plenmudet ed i n
paral eI bet ween output term nals of the single-phase bridge rectifier
circuit 3. terminal df thw s@bothing @apavitérc Ti1adanl armines poleCtorinifigl vEehe | Nput
vol tage 100-V and 200-V systens Is provided between an input term nal

bet ween t hesmeuthsies cdpacitad b, kbsgeefivelyngl e- phase bridge rectifier circuit
3, on the one hand and a connecti ng p0|nt bet ween t he snoot hi ng

Facior i mprovi ngeerad; G ERTRhialy Tirhce capaciichdOBY jalg Oe aBP! o

in the pOWecr(m‘;%&tearm gRraﬂi/el %%t%eéﬁ lguttpu tngalé of the single-phase bridge

rectlﬂer circuit 3.

A switch S1 for switching over the circuit between input volt.:age 100-V
and 200-V systems is provided ‘between an input terminal between the
diodes D2 and D4 in the single-phase bridge rectifier circuit. 3, on the one
hand, and a connecting point between the smoothing capacitors Cla and C1b,
on the other hand. )

The 100-V/200-V power factor improving circuit 38 of the invention
shown in Fig. 15 as well, as in the power factor improving circuit 33 shown in
Fig. 13, largely improves power factor.

Fig. 16 illustrates another example of the power factor improving
circuit of the invention.

The power factor improving circuit 48 of the invention shown in Fig.
16 is provided between the output side of a known single-phase bridge
rectifier circuit 3 and the input side of a monolithic DC-DC converte’r 54, and

comprises a discharging diode D5, a smoothing capacitor Cl, a charging

resistance Re, a smoothing inductor L4, and a half-wave rectifier with a fly-



Fig. 13, largely inproves power factor. Fig. 16 illustrates another
exanpl e of the power factor inproving circuit of the invention. The
power factor inproving circuit 48 of the invention shown in Fig. 16-is
pifovi ded between the output side of a known single-phase bridge rectifier
circuit 3 and the input side of a nggﬁgithic DC-DC.converter 54, and

conpri ses a discharging diode D5, a pot hi ng capacitor Cl, a charging

resi stance Rhoed aRd Wl High.eholruol bp el LG (ORI LBl @

fly-

hi gh-frequenc s capacity C0 s .cqnnect LN aral | el between out put
terninal s 1?3%!2%%%8’%? ‘{‘ﬁgug tergruals fﬁ“&gl&lb of &‘ﬁ( 2t ‘?‘Pgﬁ‘ﬁ‘%ﬁﬂd@.

More specifically iin this case, the discharging diode D5 and the snoot hing
capaci tor crecit ¥t By connected in series through connection of an
output termnal 13b of the discharging diode D5 to a mnus pole term nal
14b of the snoot Marg speeHidallyr iCithisroaseothe oddischargipardibde | D5 haidvabe t he
pl us output termnal 12a and the mnus term nal 12b of the single-phase

bri dge rect sinoethiagicapatited C1 are muthallyiosnBeteddsi kR ¢ H Sorfifdetigat €d in
parallel to this discharging diode D5 through connection of termnals 22a

and 22b of bhenChatit @rulifsl I8BNGE RS ﬁ&}{gzgid%%det o5 [nélii%saﬁ&et h?n

output termnal 13b)of the discharging di« , respective

e o sl L4 e b B e Rl A,
between the plus output terminal 12a and the minus terminal 12b of the
single-phase bridge rectifier circuit 3. | |

A charging resistance Rec is connected in parallel to this discharging
diode D5 through connection of terminals 22a and 22b of the charging
resistance Rc to the input terminal 13a and the output terminal 18b)of the
discharging diode D5, respectively. ”

In the half-wave rectifier with a fly-wheel diode 49, D19 is a half-wave
rectifying diode, and D20 is a fly-wheel diode. Respective anode input
terminal 50a and anode input i;erminal 51a are common-connected.

This half-wave rectifier with a fly-wheel diode 49 is connected between
a drain terminal of a transistor 52 in a monolithic DC-DC converter 53 and
the minus pole terminal 14b of the smoothing capacitor C1.

In addition, a smoothing inductor L4 is connected in series between an
input terminal of the half-wave rectifier with a fly-wheel diode 4§9, ie., an

input terminal 50a of the half-wave rectifying diode D19, and the minus pole

terminal 14b of the smoothing capacitor C1.



term nal 50a and anode input term nal 5la are conmon-connect ed. Thi s
hal f -wave rectifier wwth a fly-wheel diode 49 is connected between a drain
termnal of a transistor 52 in a nonolithic DC-DC converter 53 and the

m nus pole termnal 14b of the snoothing capaci tor CI. : I n addition,
a snmoot hing inductor L4 is connectedjgl series between an input term nal
of the half-wave rectifier with a fly-wheel diode 49, i.e., an input

terminal 50a of Sigechlhd nyzﬁlv)ﬁtnﬁcwtmmeova&tﬂ& §99s pROFdEE Svith Uiy Rl

term nal 14b of the snoothing- capacitor
- 26- 3 ded th I
one  transtEESIEs o g@%gh&&ggﬁ&ﬁ&;@g&%&# ey intyargd = Y

i ncorporate ower factor, CJ rcuit he | nvent i on '
has high i %A’R&V&rq‘gﬁ%s&maxp‘ﬂa& ‘H&"ﬁ? esthS 94@90114 edanget chi ng
on, and thus the power factor |nprOV|ng circuit 48 of the |nvent|on
reduces har MBARCSYEshiag off apdnisopperabls enlymmpencswitching omcand thuerthen a

circuit having a nonolithic DC- DC converter 53. Fig. 17
i |1 ustrat espawer Iﬁmtoem;prbvunglbn'omttlt&obthmmvbatxbnrrednmsohamonmIduewﬂt of
the present invention. The power factor inproving circuit 39 of the

i nvention sbemponent-igd improves gowet faetbrosvenhin 8 ¢ireuit BaHBed ndnolithic
si ngl e-phase bridge rectifier circuit 3, and has an inductor L3 having a

m d- poi nt t HG-DT bRreptassg hal f-wave auxiliary rectifier 40 conprising
di odes D17 and D18, an auxiliary snoothing capacitor C4 having a | ow

el ect 10 St el P Aol L0 Bn At bodinfonl R Eh0 el RSk LrShng ™ 2

paral | el -resonant
circuit of the present invention.

The power factor improving circuit 39 of the invention shown in Fig.
17 is provided on the output side of a single-phase bridge rectifier circuit 8,
and has an inductor L3 having a mid-point tap, a two-phase half-wave
auxiliary rectifier 40 comprising diodes D17 and D18, an auxiliary
smoothing capacitor C4 having a low dielectric strength and a large capacity,
a smoothing capacitor C1, and a parallel-resonant capacitor C5 parallel-
resonating at a frequency twice or near twice as high as the source
frequency.

A minus pole terminal 14b of the smoothing capacitor C1 and a minus
output terminal 12b of the single-phase bridge reci:iﬁer 3 are connected as
common terminals, and the inductor L3 is connected between a plus pole
terminal 14a of the smoothing capacitor C1 and a plus output terminal 12a
of the single-phase bridge rectifier circuit 3. Two input terminals of the two-

phase half-wave auxiliary rectifier 40, i.e., an anode input terminal 42a of



resonating at a frequency twi ce or near tw ce as high as the source
frequency. A mnus pole termnal 14b of the snoothing capacitor Cl
and a mnus output terminal 12b of the single-phase bridge rectifier 3 are
¢onnected as common termnals, and the inductor L3 is connected between a
plus pole termnal 14a of the snoothing capacitor Cl and a plus output
termnal 12a of the single-phase br-2dge rectifier circuit 3. Two input

term nal s Ghel Bfde 7 2§H%1§£1 Ralolie Wt bt ihAl U35C6F ithé Hiodd D18 Sare 2N

anode input termna -27-

t he di ode D17_and node..i npyt manal 43a.g9f.the diode DL ar

connect ed tcgnpﬁgteggﬁ]%%ggﬂbFRaﬁé’tfﬁhﬁWqﬁ?gi 1. 2 ge‘[’%ﬁ'“ﬁ?réa ﬂ’ig 4nd a
term nal 41b, respectively. The auxiliary .snoothing capacitor C4 is.
connect ed itﬁr@éﬁlﬁsleél%et’\'ﬁéwq i gmf-ﬁ)l 135 ofmeeidung; geanasitor 3C4nds a

cat hode common terminal in the two-phase half-wave auxiliary rectifier 40,

i .e., the cennhectedoin peties deiwveen $he 2nidpdintatap of Shecindretor, L3fandier di odes
D17 and D18; in Fig. 16, its mnus pole is connected to the md-point tap

and its pleathgdd eomhmonoiepmihaldin thd tweo-phhbe halfowave aukiiaryrettifier 40,
Further, the parallel-resonant capacitor C5 is connected between the

i d- poi nt  tian, fHe EiihodBBiRPAL térinBidds 49D PhAY3IBOkBspcRtiveRAlof khe dbdéde

snoot hi ng capacitor. This capacitor C5 serves al so as a capacitor for hi gh-
dueney DIPRaR s in i, 6 AL A8 cHRARSEL O kBB A A
14b of the it?snBRfsrBngis connected to the cathode common terminal.

Further, the parallel-resonant capacitor C5 is connected be-tween the
mid-point tap of the inductor L3 and the plus pole terminal 14a of the
smoothing capacitor. This capacitor C5 serves also as a capacitor for high-
frequency bypass.

And, a load 44 is connected to an 'g)utput terminal of the two-phase
half-wave auxiliary rectifier 40 and the minus terminal 14b of the smoothing
capacitor C1.

In the power factor improving circuit 39 of the invention having circuit
configuration described above, AC voltage generated at the both ends of the
inductor L3 having the mid-point tap is two-phase half-wave rectified
through the diodes D17 and D18 of the two-phase half-wave auxiliary
rectifier 40. Then, DC voli‘.age is generated by the auxiliary smoothing
capacitor C4 having a low dielectric strength and a large capacity: and this

DC voltage is applied in series to voltage Ve of the smoothing capacitor C1

and supplied to the load 44 such as an inverter. To reduce source impedance



capaci tor CI. In the power factor inproving circuit 39 of the

I nvention having circuit configuration described above, AC voltage
generated at the both ends of the inductor L3 having the md-point tap is
two- phase hal f-wave rectified through the diodes D17 and D18 of the

t wo- phase hal f-wave auxiliary rect28ier 40. Then,. DC voltage is generated
by the auxiliary snmoothing capacitor C4 having a |low dielectric strength

and a | ar getodhedoad i4, angeddnce offhe parhHakrésdnanptaptitor Chinsestddants! t age
V[err] of the snoothing capacitor C1 and supplied to the |oad 44 such as

an i nvert erthoTEiaYbise 199 WCthd HEMADF L3 and the plb8 febfihfRd4dor kPedance

of the parallel-résonant capacitor C5 inserted | -point tap of

t he i nduct . erm t. ot by apacitor Cl is
made equal %‘%@R@?ﬁ%@éaﬁé’? ](,)is #anga%%ue%\?\no%%? ﬁﬁ‘%e@?%ﬂ‘ﬂg&@?mg and a
frequency of. 100 u full-wave rectification (J the case of a, power
suppl y of t )m@'r'zl"tﬂgg‘%' 388 al-gg‘i'éelg’e‘ll 00 ,zt"'ﬁ’ﬂg‘(flﬁ‘ﬂk‘f’ﬁ\ﬁe re tiop{in t o
easily obtain an efficiency of 92% and a power factor of 90 to 95%

Thus, accort@errgse of apewessawplnef 89 Ha)or avand08iHz is selegeds thussmakingnt i on
shown in Fig. 17, it is possible to achieve a circuit of a high power
fact or and ib pesgiblectd pasilinobtain aonefficietynef 32% eandeh qrosversfactor of 90 £6 g. 18
il lustrates anot her enbodi nent of the power factor inproving circuit of

t he present9f%venti on. In the power factor inproving circuit 45 of
the invention shown in Fig. 18, a secondary winding n2 is added with the

same core to theHydusdeBidibg td the power factor improving circuit 39 of ‘the

invention shown in Fig. 17, it is possible to achieve a circuit of a l;igh power ‘
factor and a high efficiency by only adding a few elements.

Fig. 18 illustrates another embodiment of the power factor improving
circuit of the present invention.

In the power factor improving circuif 45 of the invention shown in Fig.
18, a secondary winding n2 is added with the same core to the inductor L3 in
the power factor improving circuit 39 shown in Fig. 17, and an auxiliary
capacitor C6 is conmnected in parallel between the output side of this
secondary winding n2 and a minus output terminal 12b of the single-phase
bridge rectifier circuit 3. In Fig. 18, a plus pole terminal 47a of the auxiliary
capacitor C6 is connected to an output terminal 46 of the secondary winding
n2, and this minus pole terminal 47b is connected to a common-terminal of
the minus output terminal 12b of the single-phase bridge rectifier circuit 3

and a minus pole terminal 14b of the smoothing capacitor C1. The other

components are the same as those in the power factor improving circuit 39



the power factor inmproving circuit 39 shown in Fig. 17, and an auxiliary
capacitor C6 is connected in parallel between the output side of this
secondary w nding n2 and a mnus output termnal 12b of the single-phase
bridge rectifier circuit 3. In Fig. 18, a plus pole termnal 47a of the
auxiliary capacitor C6 is connected_to an output termnal 46 of the
secondary winding n2, and this n noé pole termnal 47b is connected to a
common-t er ngliggén & Fig.lkg. m nus out put term nal 12b of the single-phase
bridge rectifier circuit 3 and a minus pole termnal 14b of the snDothlng

capaci tor Cl. Thpphohbger ﬁ&@%ﬁ%ﬁn@r&&ﬁt@ﬁ AFEh&Intditidh hivineci

factor inproving circuit 9-
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contai ned in_DC out vol e and qbtains a high power factor.
And, a par aY‘?lFﬁger%%‘g n%ﬁé’é%i‘?ﬂ?’ebga Gt8% be inserted between a cat hode

comon termnal in the t wo- ;l)hase hal f -wave auxiliary rectifier, i.e.

cat hode out put tAndi aaparmdleleesonaat gapseiton Cormay che verrted thetweerrari naI
42b of the diode D17, on the one hand, and a common terni nal of t he m nus
out put ter mathbde)bomhmnsﬁengnlimlﬁlnaﬂm tiwrd-plyeser balfwdverawdiliary reclifiendi.¢.he

m nus pole termnal 14b of the snoothing capacitor 'Cl, on the other hand.

By connecta agthiode opdp@d teRmingE481n6f teodiode D8 6:5a shthode Dulpat tergiinah
| ower - cost capamtor can be used Further, a resistance r may be

connect ed | 4pP6f fifsiibllo Y, BA'dhl i haﬂcﬁ%‘i‘i&?&‘koxﬁ?xﬂﬁﬁérﬁﬁn@ofﬁ{édmiﬁ‘uéh's

case, is p055| Juce
output terminal of the single-phase bridge rectifier circuit 3 and the minus

pole terminal 14b of the smoothing capacitor Cl, on the other hand. By
connecting the parallel-resonant capacitor ‘C5 at this position, a lower-cost
capacitor can be used.

Further, a resistance r may be cofinected in series to the parallel-
resonant capacitor C5, and in this case, it is possible to further reduce the
harmonic current component contained in the input current waveform.

Fig. 19 illustrates another embodiment of the power factor improving
circuit of the present invention.

In fig. 19,.the power factor improving circuit 55 of the invention is
provided between the DC output side of a known single-phase bridge rectifier
circuit 3 and the input side of a DC/DC converter or a DC/AC inverter 56,
and has auxiliary rectifying diodes D22 and D38, a first LC filter comprising
an inductor L5 and a capacitor C7, a second LC filter comprising an inductor

L6 and a capacitor C8, and a discharging diode D21.



har moni ¢ current conponent contained in the input current waveform

Fig. 19 illustrates another enbodi nent of the power factor inproving
circuit of the present invention. In fig. 19, the power factor
iTproving circuit 55 of the invention is provided between the DC out put
side of a known singl e-phase bridge rectifier circuit 3 and the input side
of a DC/DC converter or a DC/ AC invert€3066, and has auxiliary rectifying
di odes D22 and DRgored Eézﬁ%&ll*ﬁi:hﬂsfcﬁée QR8T ASlefhasdbridpdyetGfiot ciréiid 32

capacitor C7, a secon LC filter conprising an’inductor L6 and a capacitor
C8, and a dipggh

- 30- Ilbt)%rgbﬁg%ec | cgglet)lllgl (#dpharsy g%usseou ué; tselrﬂlg %1 %%%s%ndo ﬂl%id%mus
rectifier circuit 3 ha n addition to th ordln L t erm nal
12a and the® H&H Etlzk’eraﬁ aurilissy outp ﬁygﬁ‘gt%g? nfTA% 2585

taken out froma comon terninal of the di odes D and connected to the
AC input t eépwmen terminaleof the dipdesc handAd rvanne«vteénthﬁerACnmut
termnal of the diode D1 and a cathode output term nal of the di ode D3,
and further téxasinad 1aquei, a apynectigg tetminal ] ard dinotlekiepub tiérrh i of thermon
termnal of the diodes D2 and D4 connected to the AC input termnal Ib,
i.e., the Cdibli%CDllﬂﬂldieiﬂHoﬂ@b uBteraiingt of thvdidderD3,nald fifrthéehgls age D2
and a cat hode out put “term nal the di ode D4. - The anode i nput

termnal of 4 meﬂnm B85 takenidift ARRAS cddifitn %&mnaﬁ'of%et he

auxi liary di ode D 2 are connected, respectively, to the -auxiliary out put

termnal 58%;3d B End J.:dxﬂ{e\éte%opéﬂe A€'iHb AR terdiRaP1b! €, the connecting

terminal of an anode input terminal of the diode D2 and a cathode output

terminal of the diode D4.

The anode input terminal of the auxiliary diede D23 and the anode
input terminal of the auxiliary diode D22 are connected, respectively, to the
auxiliary output terminal 58a and the auifiliary output terminal 58b of the
single-phase i)ridge rectifier circuit 3. An input terminal 59a of the inductor
L5 is connected to the common terminal of a cathode output terminal of the
auxiliary diode D23 and a cathode output terminal of the auxiliary diode
D22. A plus terminal 60a of the capacitor C7 is connected to an output
terminal 59b of the inductor 15. A minus terminal 60b of the capacitor C7
and a minus output terminal 12b of the single-phase bridge rectifier circuit 3
are connected to each other. With such a configuration, a first L.C filter is
provided via the auxiliary rectifying diodes D22 and D23 between the
auxiliary output terminals 58a/568b and the minus output terminal 12b of the

single-phase bridge rectifier circuit 3.



Si ngl e-phase bridge rectifier circuit 3. An input term nal 59a of the

I nductor L5 is connected to the common term nal of a cathode out put
termnal of the auxiliary diode D23 and a cat hode output term nal of the
auxiliary diode D22. A plus ternjnal 60a of the capacitor C7 is connected
to an output- termnal 59b of the inductor L5. A minus terninal 60b of the
capacitor C7 "and a m nus output tergilral 12b of the single-phase bridge

CiEi : ! ) . _
Cont i gur at s on. e FO ARREaE povilelIeinBbi the plli Bubplty *.e%w:?leé%?f ying
di od D22 . t.he . ichi gry out gut .fern s. 58a/'58b and t he
s out pulthd ShEriRES USENC BEmiRi ok he SR dleintast BridBedodtifor Ghedth ¢ 5.

I
-31- A second LC fi r i.s, proyi ded_between :t he plus:- output term nal
12a and th@?ﬁm&“fomﬂiéfwﬁshgl ser Leand aqlus grte terminal 12&tifier
circuit 3; an input termnal 6la of the inductor L6 and a plus output
terninal 128re egnnegtathte each ptheraand @t tnus terminal 62 ofethe caplacitdb @8 t he
capacitor C8 and a mnus output term nal 12b are connected to each other.
And,  a di scéoad gimipusi adpubDicdrminap 12V iagde doisdcted bo aactnothiehj Ng out put
termnal of the first LC filter and a snoothing output termnal of the
second LC fil t%nd,%dﬁaﬁd&in@ﬂiﬂdébﬂﬂ@ﬁfoﬁﬂéﬂBeﬁ?ééipﬂgnfwﬂﬁﬁ?otgg%ﬁ% nal of

the discharging diode D21 are connected to the output term na of the
i nduct L ; | ' ] f the
 ouctor L gehuihdFof e ek £ b PhadEbrhBSIHE Bl e e Sorbile
1 ohi NG 1ol . for. L ehi na- : bi
capaci tor (0 ‘HsAHaEk dfdls ABRF shRhital BRE o ritogB ot et o the” "

discharging diode D21 are connected to the output terminal 59b of the

inductor L5 of the first LC filter and the output terminal 61b of the inductor
L6 of the second LC filter, respectively.

Further, a switching-noise absorbing capacitor C9 and a switching-
noise absorbing capacitor C10 connected in series to each other are provided
to the input side of the first LC filter and the input side of the second LC
filter, respectively. By the use of these switching-noise absorbing capacitors
C9 and C10, switching noise generated from the DC/DC converter or the
DC/AC inverter 56 is absorbed, and thus an adverse effect on the AC input
si.de can be eliminated.

In the power factor improving circuit 55 of the invention to which
these components are connected as described above, a first rectifying and
smoothing circuit is formed by the diodes D3 and D4 of the sin'gle-phase
bridge rectifier circuit 3, the auxiliary rectifier diodes D22 and D23, the first

LC filter and the switching-noise absorbing capacitor C9. A second rectifying



t'o the input side of the first LCfilter and the input side of the second
LC filtér, respectively. By the use of these switching-noise absorbing
capacitors C9 and C10, switching noise generated fromthe DC DC converter
or the DO AC inverter 56 is absorbed, and thus an adverse effect on the AC
i nput side can be elimnated. “In the power factor inproving circuit
55 of the invention to which these-8@ponents are connected as descri bed

above, a fi R AV ' | 1 Coi L TS rged epdiodes D3
and D4 of tPad eiehinkd BcRtLs, GERRN UG diSHs DI D' DB R 4 B b
rectifier di.odes P22 anqd D23, .the.fitsy LC filter dth wi t ¢chi_ng- noi se
absor bi ng cHb& T?M‘gﬁe. - G ’y‘ihf‘i"gsec‘m& i’C. ter and the switching

-32- and snmoothing gircuit is forned by the diodes D1, D2, D3 and D4 of
the singlBolgerabsoxhing gapaditari ¢1@ Currentiof the firsterectifijng ard smpothingnd t he
swi t chi ng noi se- absorbi ng capacitor Cl10. Current of the first rectifying
and snoot hi eigeuit cand wurrentd of thee sécond réetifyireg nthd eidothingy chredits a@et hi ng
circuit are synt hesi zed by the di schargi ng di ode D21. In this

power fact ogyrthpsiavd by the desthiarging)dioddP24al ue of inductor L5 and the
capacitor C7 of the first LCfilter in the first rectifying and snoothing

Pt T e . " ™
circuit, i.e., theihs ﬁd%&eergfaeédrﬁgn%%ﬁﬁ]cﬁ@uﬁ G} %gﬂrﬂe\égzhgl? G i8Rl €

LC integration of theinductor e capaci e the second LC
LS L7, WL SR AR D 08 RSRIDRIL gt i e Shabafond e
L L0t eB o b LA LS 6 o AR S e ™
current | O(Tlfe Lbe{nrt!egr;t{o[neéfr t]h)e inductor L6 and the capacitor C8 of the -second 1.C .
| filter in the second rectifying and smoothing circuit is set to a relatively
small value such as one smaller than several fractions of the L.C integration
of the first LC filter, for example, a tenth. As a result of setting these L.C
integration values as described above, Ac input current Io(= I + Ip)
produced by current I; and current Iz flowing through the first LC filter and
the second LC filter respectively take a waveform close to a sine wave.
Moré particularly, the first LC filter having a large LC integration in
the first rectifying and smoothing circuit requires a relatively long period of
time T for charging the capacitor C7. The second LC filter, on the other
hand, having a smaller LC integration value in the second rectifying and
smoothing circuit can accomplish charging of the capacitor C8 in a time T2
shorter than the time T). ’

In a conventional LC filter type rectifier circuit, ie., a rectifier circuit

provided with a single LC filter, with current from the single LC filter circuit



produced by current I[err] and current I[err] flowng through the first LC
filter and the second LC filter respectively take a waveformclose to a

si ne wave. More particularly, the first LC filter having a large LC
integration in the first rectifying and snoothing circuit requires a
relatively long period of time T[err] for charging the capacitor C7. The
second LC filter, on the other hand, haggng a smaller LC integration val ue

el he e ool {*ﬂ’n?@fwé{”%%‘fz qskg%téﬁ‘*'?#ea#%"%ess?ng Wty 19,

'-"a

conventi onal Cfl f|er circuit, i.e., rectifier_circuit
provi ded vm?x?'n ’sﬁﬁ#‘@"l&g awmcmwmmemﬁ@ WQP@YL@ the t er
circuit -33- alone; the AC

i nput cur r PAWERfAster improvied girduiti 5 of tlne mvarttéons  asedesevibed atmej the s
difficult to inhibit harnonic current conponent sufficiently. In the power
factor inprAC mputi cemretit Ib iefbriolght leser| tontha sine wivdr dg shathesizide AC

i nput current I[err] is brought closer to the sine wave by synthesi zi ng

current | [ eqirketf It dfahbifirgt TcChltel b8d ARt T, Fthe!de8bhid 145 Hltes nageand LC

filter havi ng deV| ating tine axes, thus permtting considerable reduction

of harnmoni ¢4 rl%m Hﬁ%&?%]_& permi mg\hédr%ﬁférggl@ei‘eé@cﬁo " of fnadillc O- 75

i's avallable e conventi onal case, e power
factor can Qﬁ g l$ i nproved to nore than about 0.9 in the power
factor inproving Ci @O&%‘t‘% of the invention. . _ In a conventional LC

filter type reCt\’VEule a %o(w%lxj'lftactor of a Iocuril; t}g }soz;x(;ialllable from the single LC
filter in the conventional case, the power factor can be remarkably improved
to more than about 0.9 in the power factor improving circuit 55 of the
invention.
| In a conventional LC filter type rectifier circuit, in which the total
current of load passes through the smootﬁing.inductor of the LC filter, the
self-capacity (v01t~ampe;-e) of this smoothing inductor should be at least 20
volt-ampere per 100 W DC putput (corresponding to 10 W as converted into
transformer capacity), and the smoothing DC output voltage at this point is
from 85 to 90 V per 100 V AC input. | |
In contrast, in the power factor improving circuit 55 of the invention
shown in Fig. 20, for example, when obtaining an input power factor of about
90%, 60% and 40% of the load current flow through the inductor L5 of the
first LC filter and the inductor L6 of the second LC filter, respecti:vely. It is
therefore possible to reduce the self-capacity of the inductor L5 to about 12

volt-ampere per 100 W output, and the self-capacity of the inductor L6 to a



current of | oad passes through the snoothing inductor of the LC filter, the
sel f-capacity (volt-anpere) of this snpothing inductor should be at |east
20 volt-anpere per 100 WDC out put (corresponding to 10 Was converted
into transformer capacity), and the snoothing DC output voltage at this
point is from85 to 90 V per 100 V AC i nput. ~ In contrast, in the
power factor inproving circuit 55 of +3-invention shown in Fig. 20, for

The Toat cureEnt “rm, nf W 98 %n At Ay REY 100 W 100! ot ana”

the inductor, L6 of the se Cfilter, respectively. It is_ therefore
possi bl e t o (fEeRROndiRE i%ﬁ&%cd@ta% copvested fato & fransiormey eapagifa) becpuse

vol t-anpere per 100 Woutput, and the self-capacity of the inductor L6 to a
-34-  very $havpluefonshe indnetor b6 ivsmaller thamplaatfop the et 5 doinpkte
(corresponding to 1.25 Was converted into a transfornmer capacity) because
the val ue f éhe cherdingdiheTsishoiter $hah lthe chhaginglthhe o) a BRowAdu ®igr 20,5 t o
make the charging tine T[err] shorter than the charging tinme T[err], as

shown in Fi gndXRither ehde fislh{ﬂﬁﬂaﬁlbﬁrt&hﬁ{rléﬁﬁid SBbstahe DT duBfitWolgage B0t hi ng
DC out put vol tage of from 115 to 125 relative to a power factor of 0.9

at an AC i Nptm 91548925V relative méﬂ%&f&%@bdﬁ%a\?g C%m'%f [ qEPyovi ng

circuit 55 of the present Inventi n rgelry I hprove

efficiency and p (g or, as _co red with the. conventiopnal LC filter .
type rectifier c%\régéﬁdf@% - the p%e&/v%g) O REHTRPNE f?ﬁ‘éﬂrggtqf?% presentt ¢
havi ng an i nductor inserted.therein, on the entry_side, and does not
generate nolSERtPn sROWR, i ﬁi‘aﬁ%ﬂé?r%ampme eﬂfm‘?ﬂ"é{.mﬁlpﬂ“’?{u&@ﬁbes an

exanpl e of appli catign where the power factor
as compared with the conventional LC filter type rectifier circuit or the

known choke input type rectifier circuit having an inductor inserted therein
on the entry side, and does not generate noise in the radio frequency band.

Fig. 21 illustrates an example of application where the power factor
improving circuit 55 shown in Fig. 19 is siared by input voltage 100-V and
200-V.systems.

In the power factor improving circuit 63 of the invention shown in Fig.
21, each two of the components in the power factor improving circuit 55 are
connected; a first-a LC filter comprising an inductor L5a and a capacitor C7a
and a first-b LC filter comprising an inductor L5b and a capacitor C7b are
connected via auxiliary rectifying diodes D23a, D23b, D22a and D22b to
auxiliary output terminals 58a and 58b of the single-phase bridge rectifier
circuit 3. ’

A second-a LC filter is formed by an inductor L6a and a capacitor C8a,

and a second-b LC filter is formed by an inductor L6b and a capacitor C8b.



I-mproving circuit 55 shown in Fig. 19 is shared by input voltage 100-V and
200-V systens. In the power factor inproving circuit 63 of the

i nvention shown in Fig. 21, each two of the conponents in the power factor
iTproving circuit 55 are connected; a first-a LC filter conprising an

I nductor L5a and a capacitor C7ra and a first-b LC filter conprising an

i nductor L5b and a capacitor Crb are_ggonnected via auxiliary rectifying

di odes D23a 2 i nd 58b
of the sing 31'22%‘%3@9% Feitetand, 8§ oo ﬁé%ufi?yéﬁ“ Bt obfidBRA bREeh 3
filter is fo b anlndu L6a and a capacjtor a second-b LC
fiter is 1aMBABRGIHaasIgn aawanaseagra § bl 126" 1 SRS

-35- The second-a LC filter and the second-b LC filter are connected '
between a phase buidgatrectifien einguit Ba and a m nus output termnal 12b of the

single- phase bridge rectifier circuit 3. And, the discharging
di ode D2la is codask; tthd disthaegimgadiodC DRkapist conrertadnbétweient dxe AIG patpw LC
filter, i.e., an output term nal of the inductor L5a and an AC out put

terninal of téAfikR GftHe Firbf-a Ti¢ Fter, i.eS an AltpaYitptthiriadlofithe indeétot Ba
I nductor L6a. The di schargi ng di ode D21b is provi ded between an AC out put

termnal of by A@& Qu‘t@eﬁhﬁfa@ lof the ?eco]p 0y 05 by, QL A ehtRlt teb@inal

i nduct or L5b and an out put term na the second-b LC filter, i.e., an

AT o B Tl e D A

output terminal of the first-b LC filter, i.e., an output terminal of the
inductor L5b and an AC output terminal of the second-b LC ﬁlt;-er, ie., an -
output terminal of the inductor L6b.

Further, switching-noise absorbing capacitors C9a and C9b are
provided on the input side of the first-a LC filter and the input side of the
first-b LC filter, respectively. Switching—ngise absorbing capacitors C10a and
C10b are provided on the input side of the second-a LC filter and the input
side of the second-b LC filter, respectively.

Between the AC input terminals, there is provided a switch S2 for
switching over the circuit to correspond to input voltage 100 V or 200 V.

A switch S8 for selecting connection/disconnection of the dis.charging
diodes D21a and D21b depending upon 100-V or 200-V system is provided on
the output side of the inductor L6a of the second-a LC filter. In the case of an
input voltage 200-V system, the circuit is switched over by this switch S3 to
cause operation by any of the discharging diodes D2la and D21b, thus

making it possible to reduce harmonic component contained in the input AC



provi ded on the input side of the first-a LCfilter and the input side of
the first-b LC filter, respectively. Sw tching-noi se absorbing capacitors
ClCa and C b are provided on the input side of the second-a LC filter and

the input side of the second-b LC filter, respectively. . Bet ween t he
AC input termnals, there is provided a_switch S2 for swtching over the
circuit to correspond to input vol tage‘:i@t) V or 200 V. A switch S3

for selecting copnectikon/di sconnection of the discharging diodes D2la and
D21b depend?‘gﬁeﬁgg'ﬁvfg’ﬁpv or 200-V systemis provided on the output side
of the inductor a,of the second-a LC filter. In E}Be case of an input
vol tage 200-V sy<spembasicrpezatiens of the eqmperanfsarethgysamg as pithe powsr o
cause operation by any of the discharging di odes D2la and D21b, thus

maki ng it plastéimprovingcincwt barsowincincBigodBent contained in the input AC
-36- current waveform The basi c operations of the conponents are
the same as in tPhisppower faRtr0impip¥itg oircaitr 681 whith sisown eXariplp of9.
This power factor inproving circuit 63 which is an exanple of application

of the inveghhlchtidh Srtheiavestioy t&QQ'sHafé@bQQ@OW%hath%gg@? gﬁi«fg v and

doubl’e-vol tage rectifier circuit for an input voltage of 1

as a single; i Ve, R Lf v 1 ' [ ] or an
Mpat volt s ap ahlstiafi i eBRr e chiiht WAl UV 1B bl
efficiency just .as,in, the.power factor i oving ,circuit. 55.shg in Fig.
T, 2 BorRElPhace fAlllpavemos reckibing and Hroootnng S, for Ao
detail, there is provided a_novel wer factor inproving cirgcuit Wnéch
permits rediPutoreliage o 200 V to 230 V, and gives excellent power factor an

efficiency just as in the power factor improving circuit 55 shown in Fig. 19.
According to the present invention, as described above in detail, there
is provided a novel power factor improving circuit which permits reduction of
harmonic current contained in AC input current, and provides excellent
power factor and efficiency, with a simple circuit configuration, at a low cost.
It is needless to mention that the present invention is not limited to

the foregoing embodiments, but various forms are possible in details.



harnoni ¢ current contained in AC input current, and provi des excell ent
power factor anﬂ HEi Wad,N @ sinple circuit configuration, at a | ow
cost . I t mlmﬂﬁmmmﬂ ntion that the present invention is not
I'imted to the foregaing e ments, but various forns are possible in
details. : 3 -37- WHAT IS CLAIMED | S:
1. A power factor inmproving circuit ,7'provi ded between a rectifier circuit

whi ch conveWﬁAgngg*‘%glg@I? E%,o DC voltage and a hal f-bridge-type inverter

whi ch converts o hi gh-frequency AC vol tage, conprising:

a di schargipg di pde, a . snoothing capacitor, a. I ng hal f-bridge .
rectifier, g hi g‘ﬁPPWéﬁLfé?fey 1 gww%eprmﬂce@haﬂ%w%%mﬁm&@w
wher ei n sai d_di scharging diode and sai d snoothing capacitor .are connected
in series twhichceonyents G/wnléagmwtotla@evql@gecM@ch@&bndggmplmwertbu ween
output termnals of the rectifier circuit; a plus output term nal
and a m nuswhidhpeonveetsiD Galoliake iatohiphafraquencyh&Civobimigd geomprisingt er ar e

connected to a plus pole and a mnus pole of said snoothing capacitor,

respectively; ang discharginp2dibdel @ shicOtMRBCYaaRRRE] hOthaBths® Half bridge

hi gh-frequency i nductor are connected in series to each other, which are

toget her CORRRRLEth hiliofkhRinc\SipEAR: Und AL KRIHnB) iffuctghd_char gi ng

hal f-bridge rectifier [1ng point-o ransistdrs of said
hal f-bridge-type jnverter. .. 2. . A power fact | prLoOVI N L Lcuit
provi ded betwee et e’f’eé%tﬁaf"ii&ls‘&%wg %c@@gﬁg‘{e rsf%%,&%n\ﬁ)g?’éﬁ%lg rnf%e DC

't d_a brjdge-type i ter, havi i
voltage an cq%ne&eglgﬁl sdties to each o her?\%hr}gh are together connected in parallel

between output terminals of the rectifier circuit;

a plus output terminal and a minus output terminal of said charging
half-bridge rectifier are connected to a plus pole and a minus pole of said
smoothing capacitor, respectively; and

said high-frequency capacitor and "said high-frequency inductor are
connected in series to each other, which are together connected in series
between an input terminal of said charging half-bridge rectifier and a

connecting point of two transistors of said half-bridge-type inverter.

2. A power factor improving circuit, provided between a rectifier circuit
which converts AC voltage into DC voltage and a bridge-type inverter having
a plurality of sets of transistors which converts DC voltage into high-
frequency AC voltage, comprising: ’ |

a discharging diode, a smoothing capacitor, a charging bridge rectifier,

a plurality of high-frequency capacitors and a plurality of high-frequency



a plurality of sets of transistors which converts DC voltage into high-

f
frequency AC \Jw Immmlmg a di schargi ng di ode, a snoothing
capacitor, a i [ ctifier, a plurality of high-frequency
¢apacitors and a plurality of high-frequency .

-38- inductors; wherein one tergipnal of said snoothing capacitor
and one output termnal of said charginhg bridge rectifier are connected in
comon to an out put termnal of said rectifier circuit; t he ot her

t er i nal ofm‘éﬁ‘i’tﬂr%rmothi ng capacitor, the other output terninal of said
charging bridge rectifier and one term nal of said discharging diode are
connected in coiffhareim opgcterminal of said smoathing wapacitomand|ond oufput

di schargi ng diode is connected to the other output term nal of said
rectifier derminal;ofssadd chargingdnddgé reectifierphrs ebntected ihinhosduairy
capacitors and one of said plurality of high-frequency inductors are

connect ed ioxtpet te2mihal 6osaid ebdisfier civhiligh are together connected in series
bet ween one input termnal of said charging bridge rectifier and one

o1 Gge- type. | vels ek laPihd bl kel ST (EATRE M o Bhlimt.

bri dge-type inverter, a of sal
capaci tors  and. t he ot her, said plurality.of high-frequenc | nduct.ors are
connect ed it%mé ﬁqeggt%algagﬁafﬁl"fgr,g Fcﬁeéﬁert H&t® %Sfﬁé%?‘le(?? F?f‘dseri es
bet ween t he.other. i n(ﬁu((i term nalm(gisaid ngégi ng bridge rectifier and the
ot her conngé‘?c&‘ﬂb‘g‘ﬂgi pde,arg epnnectadain eammOEndeRaclOtReL, s st ors i n sai d
bri dge-type inverter.

the other terminal of said discharging diode is connected to the other

ocutput terminal of said rectifier circuit; and

one of said plurality of high-frequency capacitors and one of said
plurality of high-frequency inductors are connected in series. to each other,
which are together connected in series between one input terminal of said
charging bridge rectifier and one connecti;g point of said plurality of sets of
transistors in said bridge-type inverter, and the other of said plurality of
high-frequency capacitors and the other of said plurality of high-frequency
inductors are connected in series to each other, which are together connected
in series between the other input terminal of said charging bridge rectifier
and the other connecting point of the plurality of sets of transistors in said
bridge-type inverter.
3. The power factor improving circuit according to claim 1 or 2, vs;herein a
charging resistance or an impedance element is connected in parallel to said

discharging diode.



3.  The power factor inproving circuit according to claim1 or 2, wherein

2al gha(rjlgisgﬁa; Sslrlﬂmnmelm“ﬂm“medance ‘el enment is connected in par al_ ISSI tZ.

A power factor ihprovitng™cifcult, provided on the output .side of a
rectifier circuit which converts AC voltage into DC vol tage, conprising:

a di schargi ng di ode, a snoothing capacitor, and a chargi ng resistance;
wherein said di schargi ng diode and sai d snoot hi ng capacitor are connected
in series to each other, which are rﬁﬁ%ther connected in paraIIeI bet ween
out put ter naI of sald rectifier circujt, and said char re5|stance
i s connect ipap‘ypr drctop Imnravimes eWerl; mgouﬂséeon the 5>u

fact or |nprOV|ng circuit according to claim4, wherein an |npedance

el ement i s recfiexcizcuit wlpclac@mtsACdvdtweng@wkagm@emanMg‘ A power
factor inproving circuit, provided on the output side of a rectifier

circuit which Carﬂﬁsehai'gﬁfg tiode g emiodtleiniapatitor andcd GRirtgih# gesistance; a
transfornmer having a primary wi nding and a secondary wi nding, an auxiliary

charging rectif ivfereth @i BEMaRgind dilkie And 858 sARGtANSBAIfitRY are
capaci tor; wherein a m nus pole of said snoothing capacitor 1s
connect d {8nfected in series to each other, which are together connected in parallel

between output terminals of said rectifier circuit, and said charging

resistance is connected in parallel to said discharging diode.

5. The power factor improving circuit according to claim 4, wherein an

impedance element is connected in place of said charging resistance.

6. A power factor improving circuit, ;rovided on the output side of a
rectifier circuit which converts AC voltage into DC voltage, comprising:

a transformer having a primary winding and a secondary winding, an
auxiliary charging rectifier, a discharging diode, a diode, and a smoothing
capacitor; |

wherein a minus pole of said smoothing capacitor is connected to a
minus output terminal of said rectifier circuit;

said primary winding is connected between a plus pole of said
smoothing capacitor and a plus output terminal of said rectifier circ’uit;

said discharging diode and said diode, of which the cathodes are

connected in common, are connected in parallel to the primary winding;



m nus output termnal of said rectifier circuit; said primry
winding is Tﬂnmmlﬁ"ﬁ a plus pole of said snoothing capacitor and a
pl us out put l wmuﬂ rectifier circuit; sai d di schargi ng

di ode and sai'd 8i ode,* ofs which the cathodes are connected in common, are
connected in parallel to the primary avl ndi ng;

- 40- an AC term nal of said aUXI I ary chargi ng rectifier is connected

to said secondagy A€ il of said audilthry dasineGdoFEl Mborbdted & siid DC
termnal of said auxiliary <charging rectifier are connected to the plus

pole and th said snoothing capacitor, respectively. 7.
A power fac%%?h ﬁgr§®+ng%berU|t provided between an output side of a

rectifier circuit verts age i DC vol t age and an, i nput
side of. a rronol‘?‘t&hacc%é tesmiea é P@Huﬁghgrt&?@&néagﬁ? 7R out put

power, conpr.i sing: a di schargi ng diode, _a snoothlng capaC|t
char gi ng r echarging eectifier are fonnaeted rf@tﬁ%,\ecﬂ lus pede andibe- mines paleto fsaeri V\Ath
a fly-wheel diode; wherein said dischargi ng di ode and sai d snoot hi ng

capaci t or asmoot&xmg\eapwﬂtdrnrmec@selyo each other, which are together
connected in parallel between output termnals of said rectifier circuit;
said charging resistance is connected in parallel to said discharging
di ode; and said half-wave rectifier with a fly-wheel diode and said
smoothing 7. A power factor improving circuit, provided between an output side of a
rectifier circuit which converts AC voltage into DC voltage and an input side
of a monolithic DC-DC converter which generates stabilizing i)C output
power, comprising: |
.a discharging diode, a smoothing capacitor, a charging resistance, a
smoothing inductor, and a half-wave rectifier with a fly-wheel diode;
wherein said discharging diode and said smoothing capacitor are
connected in series to each other, which are together connected in parallel
between output terminals of said rectifier circuit;
said charging resistance is connected in parallel to said discharging
diode; and
said half-wave rectifier with a fly-wheel diode and said smoothing
inductor are connected either between a collector terminal of said monolithic
DC-DC converter and a minus terminal of said smoothing capacitor or

between a drain terminal of said monolithic DC-DC converter and a minus

terminal of said smoothing capacitor.



I nduct or nnected either between a collector termnal of said

nonol ith“iil ﬁmer and a minus terminal of said smoothing
capaci t ot ;Org M5 Mrain termnal of said nonolithic DC DC converter
and a minus termnal of said snoothing capacitor. :

-41- 8. The power factor inprovinggpircuit according to claim7, wherein
an .inpedance elenent is connected in place of said charging resistance.

9.  The p8wer Thepower dpetor improvingutireuit accatiding to claim Fneheireinl aiins 1 to
8, wherein a high-frequency bypass capacitor is connected in parallel to

sai d rectimpedamerelembnt is cobBected inplace bbedidrchaf@ing wesigtandecui t, provi ded
on an output side of a rectifier circuit which converts AC voltage into DC.
vol t age, conpri sing: an i nductor having a m d-point tap, a two-phase
hal f-wave auxiliary rectifier, an auxiliary snoothing capacitor, a

paral | el r beonapiboy8fydor BkRyide o EEMCAMAL PR R e W dmat toe

e Connect BavBEMIn highSTHNey hRass GROAHIT i Gennested 16 pecalielto s | o
I nductor is connected between the other termnal of said snoothing
capaci tor ractliensirsiier out put termnal of said rectifier circuit;
each input term nal of said two-phase half-wave auxiliary rectifier is
connected to each end of said inductor;
10. A power factor improving circuit, provided on an output side of a
rectifier circuit which converts AC voltage into DC voltage, comprising:
an inductor having a mid-point tap, a two-phase half-wave auxiliary
rectifier, an auxiliary smoothing capacitor, a smoothing ‘capacitor, and a
parallel resonance capacitor which parallel-resonates at a frequency twice or
near twice as large as the source frequency:
wherein one terminal of said smoothing capacitor is connected to one
output terminal of said rectifier circuit;
said inductor is connected between the other terminal of said
smoothing capacitor and the other output terminal of said rectifier circuit;
each input terminal of said two-phase half-wave auxiliary rectifier is
connected to each end of said inductor;
said auxiliary smoothing capacitor is connected between the mid-point
tap of said inductor and a cathode common terminal in said two-phase half-

wave auxiliary rectifier; and

said parallel resonance capacitor is connected between the mid-point



connect ed bet vveen the m d- poi nt

-42- tap of said inductor-and the othm-term nal of said snoothing

capaci tor. 11. The power factor inproving circuit according to claim10,
wherein a te@oafredid induichel oyl the oklwedetrminaliof saidismbothing cdpacitauxi | i ary
capacitor is connected in parallel between an output side of said
secondary wi nding and one output termnal of said rectifier ci rcuit

12. The power factor In‘pI’OVI ng circuit according to claim 10 or

wher ei n saiﬁ_parrﬂ#é ﬁJ)W tvvo p&ﬁge hagléﬂﬁuﬁ SccRBRECES a.@ﬁ:xt |er gﬁﬁcgt hode

conmon term nal sal f-wave auxi |ary rect one

out put ter CI I Qwer fa

i mprovi ng ger@%dgyaccocﬁagﬁé g"&fﬁuﬁo& %édfﬁ‘ XP‘%‘I%?'

resi stance i s con ect ed eries to sai d rall el, resonance apac

14. . A po/onoe lsbﬁeﬁjv%ﬁnrmpvtptbtrﬁaﬁaéaa%seo?ﬁn #rp Hindingca "2

si ngl e- phase full -wave rectlfler circuit which converts AC voltage into DC
vol tage, comerouipng terminal of said rectifier circuit.

said auyili ' capacitor is connected between the md-point tap
of sai d |! ‘@ i at hode comon termnal in said two-phase hal f-
wave au ; and said parallel resonance capacitor is

12. The power factor improving circuit according to claim 10 or 11,
wherein said parallel resonance capacitor is connected between the cathode
common terminal of said two-phase half-wave auxiliary rectifier and one

output terminal of said rectifier circuit.

13. The power factor improving circuit according to any one of claims 10
to 12, wherein a resistance is connected in series to said parallel resonance

capacitor.

14. A power factor improving circuit, provided on an output side of a
single-phase full-wave rectifier circuit which converts AC voltage into DC
voltage, comprising:

a plurality of auxiliary rectifying diodes, a first L.C filter having a
relatively large LC product, a second LC filter having a relatively small LC
product, and a discharging diode;

wherein said single-phase full-wave rectifier circuit has a plurality of



a plurality of auxiliary rec'tifyi ng diodes, a first LCfilter having a

relatively m , a second LC filter having a relatively small
LC productnmmmla“nwﬁ mwl ng- di ode; wherein said single-phase
full -wave recti¢fi br ®irtui*t has a plurality of .

-43- auxiliary output term nals taken out fromcomon termnals of its

di odes, as well as an plus output t'e‘PrrT_naI and an mnus output termnal;
each of t haugilisrgloutyuidfertiinalsitakyn out ftdm commotpteimisahafificdioded, asan AC
i nput term nal through which an AC input is to be provided; “said

first LC figelieds &ﬁp%&'ﬁ&?h@?eﬁ(%ﬁg&?ﬁdﬁd‘ﬁﬁhﬁé buffutitmihghy rect!fying

di odes bet w.eenI the pluralit 1 arly out put” termnal's and t _he m nus
cai 0 second Lo P SPbfe BdshE: BEARE Atk B ehiillals ool e ang

t he m nus ut .term nal, of gaid.single;phase full-wave rectifier

circuit; a%gfi%puttengg} th?%‘@i’awgfci’gagi&g“m%“&m 8 RreWdeEi ween a smoot hi ng
output termnal of said first LC filter and a snpothing output termnal of
said second Lo fixst LC filtesis copmecteddn the mluralitynf svxilianyi nectifiting
according to claim 14, wherein a sw tching-noise absorbing capacitor is
added t o ediidestbetweemphe Hiekdityf ofS ausiilisfryrauutpua€ tbihiredds and the nripus si de
of said second LC filter. - :

output terminal of said single-phase full-wave rectifier circuit;

said second LC filter is connected between the plus output terminal

and the minus output terminal of said single-phase full-wave rectifier
circuit; and

said discharging diode is connected between a smoothing output

terminal of said first LC filter and a smoothing output terminal of said

8

second LC filter.

15. The power factor improving circuit according to claim 14, wherein a
switching-noise absorbing capacitor is added to each of an input side of said

first LC filter and an input side of said second LC filter.



