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1 DESCRI PTION POWNER CONVERTER Technical Field
[ 0001] The present invention relates to a power
converter for stepping down and 5 converting
alternating current to direct current. Background Art
[ 0002] For exanple, in the cake of air conditioners
and the like, while the power supply voltage of the
outdoor unit is three-phase alternating current of
200 V, the power suppl &%gcgl%mni cation systemin
the-in?80r unit and the like may require direct 10
curren BROONVERTERs case, the t hr ee- phase
alternating current of 200V needs to be converted to
di r ect Tedhpicalfieldf 60V for supply to the conmunication
system [0003] Fig. 24 is a circuit diagramof a
[Q06hY e nThe presers oneentivoniedateseta al povdni ®npervaer for stepping down and
converter, alternating current supplied froman AC
cpuwgingsakieplayingScuriant togdirdck ceterind  second i nput
connections Ti and T2 is stepped down and hal f-wave
recti fBadgtoondliAriect 15 current, and then supplied to
| oads (not shown) through first and second out put
[060PNecidronampe, @ dhd 4asd 08#] cdAAlINRER dacihbi NGt vAIR the power
second i nput connections Ti and T2, a step-down
s | Bd16486 Of tHel dutdddr R lis el | Y
urpggy: st?rgs, a di ode Dll,yggg@gﬁ%sgggéﬁ%%g %1161“5?1;200 Vs the power
o i . : h . . the . .
P R R0k Bk e a5 RO R BBl B wBfire aivec
j [ 0 .0 [.S.f the first..i t
cHpiene ol 60T U gikey 8% hecrplisSe ab I Gt or 208V nceds 10 be
conRBRGE ! £1%0‘ET%IFS Fﬁr?‘eéri:)g foa ?%ﬁ)gg (%B{_?[ tigmg*fulﬁcation system.

Seri es-conne
[0003]  Fig. 24 is a circuit diagram of a conventional power converter. In this power
converter, alternating current supplied from an AC power supply S through first and
second input connections T1 and T2 is stepped down and half-wave rectified to direct
current, and then supplied to loads (not shown) through first and second output

connections T3 and T4.

[0004] ‘Between the first and second input connections T1 and T2, a step-down

resistance unit RU including a plurality of resistors, a diode D11, and a capacitor C11 are

~ interposed in series in the order described from the first input connection T1 side. The

forward direction of the diode D11 is from the first input connection T1 side toward the
second input connection T2.  Further, a plurality of series-connected Zener diodes ZD11
to ZD13 are connected in parallel to the capacitor CI1. The forward direction of these
Zener diodes ZD11 to ZD13 is from the second input connection T2 side toward the first
input connection T1. Further, a resistor R11 for discharge of the capacitor C11 is

connected in parallel to the capacitor 11.
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to ZD13 are connected in parallel to the capacitor
CGl. The forward direction of these ~Zener diodes ZD
11 to ZD 13 is fromthe second input connection T2
side toward the first input connection Tl. Further,
a resistor Rl11 for discharge #f the capacitor Al is
25 connected in parallel to the capacitor 11. 2

0005] The first output connection T3 is connected to
[@005dnnEhe fiesh ovtput epanedionsk is sannestadetoiaconhectivbn onaheldownstream
direction of the diode D11, and the second out put
sigderin dlee faowamdirestion of thecdied: Dd 11 hel tecenshd appit connection T4 is
connection T2. [0006] More specifically, for exanple,
conmegietl éo frmtsecmpdvinpitagencofio?TD. V (peak value) is 5

applied fromthe AC power supply S to the first input
[@096h e chiopnspEiifishlly) foedQnRIS antaictitng ﬂ@mletdf@boqf (Peh value) is
second i nput connection T2. Then, this voltage is

apyflied € dn thel AC oFeLbupPBLS tovlk Fiddenh cBfhe¥tion T1 with feference to the
Corresponding to this, the resistance unit RU

pEERiA e thelsord inpRTbAtRAGE TY Al Tﬁi:/rﬂ RS TDRdE it erﬁ;relgﬁ into a direct

down alternating current of 200 V'to diréect cur

*Slase S ¥, T ARG, © Kl 65 AGAIBE LALTE Uy s
rQispERECallOhA08RP Lo 800 Youh QBTG k138 28 NP LB Burent of
o7 NEPTHE PRy BAHIEQLSRALE Y gty U i tes 2011 0
ZBT8 8 Rve fzgmas™og $20Vol 1 age of 60V to the

100RE'T Tt e ietralie vhags Shiplied oors e exCapowenrapply S i stepped

curyent changes of each conponent on the circuit of

dasyyby she repisiace i RUnbalf-wave regtifiedosy thacligdet Rel, stabilized by the

potential change of the first input connection Ti
cappatior (dleandribe Zeweridiedes ZD11 to ZD13, and outputted as a direct voltage of

60V to the loads.

[0008] Here, Figs. 25 and 26 are waveform charts respectively illustrating potential
and current changes of each component on the circuit of Fxg 24. A waveform WD11 in
Fig. 25 shows the potential change of the first input connectioﬁ T1 with reference to the
potential of the second input connection T2; a waveform WD12 in the same figure shows
the change of voltage across the resistance unit RU; and a waveform WD13 in.the same
figure shows the potential change of the second output connection T3 with reference to

the potential of the second input connmection T2. During the positive part of the

~waveform WD12, joule losses occur in the resistance unit RU.

[0009] A waveform WD14 in Fig. 26 shows the change of current flowing from the
AC power supply S to the first input connection T1 when the direction of current flowing

from the first input connection T1 toward the AC power supply S is the positive direction.



potential of the se-cond I nput connection T2; a

waveform WD 12 in the sane figure shows the change

of voltage across the resistance unit RU, and a

wavef orm WD13 in the same 2Q figure shows the

potenti al change of the secotnd out put connection T3 ‘

' K t : ' Lh e i nput.
A walksbitn \SORE T Re hmd $8RE S8k e ShshE JREFRE stRKlied to the
 capadiBy & Pf W j 0hO ' BubRsie! i
capacill BBl WHEE8ay R Eon 3T OB Mouiry BB RACHE, B Mode D1-

towar§ A8 aQpakiteuChant thbQyasievd HRELAJIE A AfaRRYYR VIDRB! M tRe same
to the first input connection Ti when the direction

“figure adhodsr thendhangevefrgurreth flowing thiehd ZeRér didaeE ZD11 to ZD13 when
~ connection Ti toward the AC power supply S is the

the dipsdioni ofecuttrant dlowdmg ir8 theAfovevaed dlirechithil of the Zbhaesditeles ZD11 to
figure shows the change of current supplied to the

ZD13 iafrecpesitivecditedtiosn t he direction of current flow ng
through the first diode D11 toward the capacitor Cl1

[0010] Onenef prrrart fechmiquas o stabiliziag ée termimale/dliagenf a smoothing
same figure shows the change of current flowing to o

capacfinp iy il depcsthed PoRatany dastmnsieh ok Heednraduli-wavef rectifying

. .current flowng in the forward direction of the Zener

Circuityi odes zD11 to ZD13 is the positive direction.

oo}, PGk Ry 8Pt BRI RA0OE L3RERAG pC8 264720
; @ﬁ%elgﬁﬁgrdfkﬂ‘?%hi\fénﬂéﬁem docunment 1 for use in a

-wave re ying circuit. [0011 ] Patent

[001 25%%@% é'dnvéﬁﬂéﬁﬁ%fov&?r‘ SiHveiBPshE@hi iR F:é%?ﬁj u%?% gheé\%sista hce

84729 Disclosure of the I nvention

unit RUYor SRSpLang dewal thB QRhgs ORY ;cﬁﬂe w8 dBuFirftheX4sistance unit

uses the resistance unit or stepping down the

 RU, andl thagethd effigiericoub dovo BeeileaC the Use &g higistapadiBLeresistance
unit leJrjlvtrhich is expensive and large in size, has problems in terms of efficiency,
cost, device size, and the like. |
[0013] Embodiments of the present invention seek to provide a power converter that
achieves high efficiency, low cost, size reduction, and the like.
[0014] A first aspect of the invention provides a pbwer converter for stepping down
and converting alternating current (AC) voltage (S) to direct current (DC) voltage, the
power converier comprising first and-second input connections (T1, T2) for inputting
the AC voltage; a first capacitor (C1) and a second capacitor (C2) interposed in
series on a first electric connection line (L1) betweén the first input connection (T1)
and the second input connection (T. 2) in order from a side of the first input
connection; a first diode (D1) interposed between the first capacitor and the second

capacitor on the first electric connection line so that its forward direction is toward the

second input connection; a



RU, and thus, the efficiency is | ow Besides, the use
of a high-capacity resistance unit RU, which is
expensive and large in size, has problens in terms of
efficiency, «cost, device size, and the like. .[0013]
Enbodi nents of the present #nvention seek to prOV|de

oo BRI P e 8 n B o el SRR e 2t v
U g S o
connécﬁg}] lY\%l dARckimy 4 Bo g‘pﬁi g:lg%eéﬂi{s eﬁrtst %Qé%%lgoﬁ aérﬁ:ﬁ&?t $42€ diode on

converter co

 the f|ﬁ§i"’l§]§@ﬂ'tboébﬁqrﬂe-5hoﬁg Oéncjﬁ @Wé‘téécegd lhgﬁt %M@%t@?eé fifst output

first capaC|tor a secon acito

connddiibAT(T8$ @6k bikpus OF itRS I vaIthé, S\th%h%tddrﬁle%wﬁégwégh the first
line (L1) between the first Tnput connection

diodeamd theesexondrshpachol of ahe Gedtiaicttid Shnné&ticl RiS: £ 66601 output
side of the first input connection; a first diode

conngcthah (Td) doposipat tuﬂttheeilretdne:ufnens,twmapamdcmne@tt!ﬂ td ¢he second
second capacitor on the first electric connection

input conpedtiont And ai thirdfeapasitdr, dineeend ohwhishtiswwandetied between said
second i nput connection; a 4 second di ode (D2)

first C?Pﬂ‘%‘i%@’é‘é‘oﬁ% figst<diedsm @ncsand first eledrin sonneetian hre, (are) the other
15:?' verse direction is toward the second
end OFWB ‘EGHHE%?'[P RO SBkkSeEaPk] %”tﬁqcbonconnectl on _
o015}, ARERRER T eitghclnBRlsor PRdiemian. dhe.peme: CBumtet may furher
: first
compl 08 2Bl 1 S0t b%r%%n%%%%a S RARTT ana
the sé&nﬁoaﬁ@ﬁi %%n?ﬁ&ﬁ@'?n{lﬁg?fth%ts ts 1AhO4R @Pg#qtﬁl ﬁeﬁﬁ%}g the first

capaci tor rrc connec

Outpugs&gg{&t,gHt put connection (T4) for output of the
direct current, which is connected to the second

[0016] According to embodiments of the invention, the power converter may further
comprise a resistor (R) interposed on the first electric connection line (L1) on a side
closer fo _the first input connection than a position of connection with the second
electric connection line (L2).

[0017] According to embodiments of the invention, in the power converter, the
resistor may be a thermistor.

[0018] According to embodiments of the invention, the power converter may further
comprise a third capacitor (C3) connected between one end of the resistor (R) and
the second input connection (T2). |

[0019] According to embodiments of the invention, in the power converter, the one
end of the resistor (R) may be the end on lthe side of the second input connection

(T2).



I nput connection; and a.third capacitor, one end of
which is. connected between said first capacitor and
said first diode on said first electric connection.
line, and the other end of, which is connected to
sai d second i nput connectléﬁ [ 0015] According to
enbodi nents of the invention, the power converter may
further conprise a Zener di ode (ZD) interposed

[0020@%&.’8 %tﬂ& efrﬁtfrftflm%H Puf tlfe‘%ﬁg&'éﬁﬂbr? nin(t-lqé) tﬁ{?éjr cér“%rter the one

econ tput connec I on t'hat

‘end ofjiHe%Els%} (E? nh&YBE Ghd Bﬁdfdnr hk s&d’é’&%b ﬁ?@ﬂ'ﬂgﬁf b(?ﬁhectlﬁn ().

0016] According to enbodi nents of the I nvention
[ooz1pmebrdm@V@émbdmnf%Ldfttﬁ@ inveR €8N, ihdBe %oW'céhOértélR)
I nterposed on the first electric connection |ine (L1)
on a side closer to the first input connection than
a position of connection with the second electric
connection line (L2). [0017] According to enbodi nents
of the invention, in the power converter, the
resistor may be a thermstor. [0018] According to
enbodi ments of the invention, the power converter my
further conprise a third capacitor (C3) connected
bet ween one end of the resistor (R) and the second
i nput connection (T2). [0019] According to
enbodi ments of the invention, in the power converter,
the one end of the resistor (R may be the end on
the side of the second input connection (T2). 4a
[ 0020] According to enbodi ments of the invention, in
t he power converter, the one end of the resistor (R
may be the end on the side of the first input
connection (Ti).



[0021] According to enbodi ments of the invention, in
t he power converter, 5 a capacity ratio of the first
capacitor to the third capacitor nmay be set to about
1:1. 6 [0033] According to.enbodi nents of the

i nvention, alternating cur rant supplied through the

o capl 3R ST bBBH PG SRRy L e oot 11

rectified to direct current by the first diode,

- snoothed by the second capacitor, and supplied to

the | oad side through the first and second out put
connections. [0034] In this way, the voltage drop is
caused not by a resistor but by the capacitor. This
may be highly efficient because no joule | oss occurs
during the voltage drop, and thus, there may be no
need to consider a counterneasure agai nst heat for
peri pheral conponents. Al so, there may be no need to
use an expensive and hi gh- capacity step-down
resistor as in conventional techniques, which results
in cost reduction. [0035] Further, the unnecessity
of using a step-down resistor, which is often |arge
in size, may allow a reduction in the nounting area
of conponents and in the size of a device
configuration such as a printed circuit board, which
I's advantageous in ternms of structure and cost.

[ 0036] According to enbodi nents of the invention, the
Zener di ode may enable the output of a stable direct
vol tage. [0037] According to enbodi nents of the
invention, a resistor such as a therm stor



may al |l ow effective control of- rush current flow ng
on the first and second electric connection |ines.

[ 0038] According to enbodi ments of the invention, it
may be possible to control _overcurrent on the first
el ectric connection |ine, vhich is caused by ripples

oosef B BTGB b, FORTRORL e cEggs: suppie
. i . 7

oo 89S S 100 DA e LS gprg o b

e 56BN 3Bkl cap A8 IS B LAESy B HR oot

by the @BESR capadiftR, ahdSLBBRSE t@thd IRl Si8e Whrdulf the fi
Y al ternatifr)]g current.BFCl)O4O] Accordi ng tro gnt;[o iflr';isa‘tn?gd second

outpub€onrectiongenti on, it nmay not be necessary to
increase the rating of the resistor even if the

[0034] e dhisveay, die volipde siray ist terusaict motrat & ngsisionbue By the capacitor.
~ high. L_OO41] According to enbodi nents of the ,
This maydst highly effisiant dwcatisamejreds frsp otouremiuringatheheottage drop,
Zener di ode can be suppressed even if the ripple
and taug| theirianay hensoanged hatgangides @ oepntermealsole aganst heat for
. times the direct voltage to be outputted. [0042] _
periphgral,tINRENSYS cAfsed ithRiRt B2y e AR Nerddntussnan enpensiyatand high-

lternating curyent can effectively be divided and
capacly P SSHPIRECES dhrGBNENBINE HECHT eSS cGRatS in cost
reducﬁg‘,pacitors. [0043] These and ot her objects, features,
aspects and advantages of the present invention wl|

0095 ESARE B rARERLEe L B Beb LAY AEE B o troe in
size, RAPIAMBEL A A8 MDA ihHRe ACGHIRRYLRG UMBIHERts and in the size of a
device configuration such as a printed circuit board, which is advantageous in terms
of structure and cost.

- [0038] According to embodiments of the invention, the Zener diode may enable the
output of a stable direct voltage. | |

[0037] According to embodiments of the invention, a resistor such as a tharmistor

may allow effective control of rush current flowing on the first and second electric

"~ connection lines.

[0038] According to embodiments of the invention, it may be possibie to control
- overcurrent on the first electric connection line, which is caused by ripples of the
élfernating current. Especially in the case where the Zener diode is adopted, the

thermal load of the Zener diode can be reduced.



Brief Description of Drawings [0044] [Fig. 1] a
circuit diagram of a power converter according to a
first preferred node of the present invention; [Fig.
2] a waveformchart ill ust r?ti ng the potential change
of each conponent on the circuit of Fig. 1; [Fig. 3]

[0039?[&%}5%% Flch} @Eh&s&; E'!ngﬁtnzﬁx C[I'?@?iﬂ? ﬁéns&# (5!‘:’1 3%1 CR series

connectron on

c1rcmtqforrﬁb3 -of the E‘:Fétgb ALitGr %\?(%ﬁ‘fé’FéQl&B@Hay' éfld’éﬁ%ﬁ%ﬁ\%ﬁﬁﬂ%l of the

change of curren I'n onent

influefde &f @pplds of ﬁ‘lélalte':rhaﬁn@ b@ﬁ@nﬁhow ng the
characteristics of the power converter according to

[0040] Pecbiding tor efmbotrdendst theiiveilon i9TARY ridioME Nkcessary to
the characteristics of the power converter according :

-increase tée raling fafrthe rpsisfarraven imiae fregbiegcy oF ripp@saphthe alternating
showi ng the characteristics of the power converter
currerddebigi.ng to the first preferred node; [Fig. 8] a
ph show ng the characteristics of the power
[00411?61%@@@ ta sbdraglimgnisoof thet inwentiprs therfisive of sansoessary current

a ci rcw t diagram of a power converter

to thea{ed’@rf £8N PeseRimasteeen ddhefipple amnlifideptiventlternating
currergEsZ\s é‘lt'tgtp‘{o '&'T‘@g 8&"?\% ‘%:5‘%8\2‘ téc@% &éﬁt&gccor di ng
[0042] According to embodiments of the invention, the input alternating current can
effectively be divided and rectified to direct current by the first and second
capacitors.
[0043] These and other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description of the
present invention when taken in conjunction with the accompanying drawings.

Brief Description of Drawings
[0044] [Fig. 1] a circuit diagram of a power converter according to a first preferred
mode of the present invention:

[Fig. 2] a waveform Vch'art illustrating the potential change of each component
on the circuit of Fig. 1; | |

[Fig. 3] a waveform chart iliustrating the change of current fiowing to a first
input connection on the circuit of Fig. 1; |

[Fig. 4] a waveform chart illustrating the change of current in each compbnent
on the circutt of Fig. 1; |

[Fig. 5] a graph showing the characteristics of the power converter according
to the first preferred mode;

[Fig. 6] a graph showing the characteristics of the power converter according

io



10

15

20

25

to the second preferred node; 10 [Fig. 11] a graph
showi ng the characteristics of the power converter
according to the second preferred node; [Fig. 12] a
graph showi ng the conparison of the characteristics
of the power converter betwsen the first preferred
node and the second preferred node; [Fig. 13] a graph
sgovvi ngfth(ff characteristics of the power converter
the e partrged 7990 t he second preferred node; [Fig. 14]
a graph show ng the characteristics of the power
converl ¥ 7ha empbishevingshe eharacseristids pf be @owercomwerter according to
[Fig. 15] a graph showi ng the conparison of the
the iy peefemedmodes of the power converter between the
first preferred node and the second preferred node;
20 [ Filbig. 86} geapbishowing thii cigraveristicaopihepowenmmesrted according to
according to a third preferred node of the present
the five prafemcd fnbidgy. 17] a graph showi ng the
characteristics of the power converter according to
t he t IfiFigd9pa efreuit &dgBOE a pdwa- cohBirtdt BERRIME IH AW preferred
the characteristics of the power converter according
m&&e 6fahé pRséhinnibef erred node; 9 [Fig. 19] a graph
showi ng the characteristics of the power converter

accor @Fi%gl()]t 8 ngaEJﬁ shBivind (R @lﬁﬁ'ﬁ&@ﬁ’stﬁ? %? ﬁhg[ﬂr?gx\%é rchQx]ert@r according

graph showi'ng the characteristics o

to%@&@ﬁm%%g%dgg to the third preferred node;

[Fig. 11] a graph showing the characteristics of the power converter according

to the second preferred mode;

[Fig. 12} a graph showing the comparison of the characteristics of the power
converter between the first preferred mode and the second preferred mode;

[Fig. 13] a graph showing the characteristics of the power converter according
to the second preferred mode;

[Fig. 14] a graph showing the characteristics of the power converter accérding
to the second preferred mode;

[Fig. 15] a graph showing the comparison of the characteristics of the power
converter between the first preferred mode ahd the second preferred mode;

[Fig. 16] a circuit diagram of a power converter according to a third preferred
mode of the present invention;

[Fig. 17] a graph showing the characteristics of the power converter according
to the third preferred mode;

[Fig. 18] a graph showing the characteristics of the power converter according

to the third preferred mode;
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5 [Fig. 21] a graph showi ng the characteristics of

t he power converter according to the second

preferred node; [Fig. 22] a graph show ng the
characteristics of the power converter according to

the second preferred node; [Fyg. 23] a graph show ng

the conparison of the characteristics of the power

10 converter between the second preferred node and

the t hikFig PHef gmpleshavidg the dhatpcte?idlicsaofcthe puivtr cind@ft@Maccording
of a conventional power converter; [Fig. 25] a

tovthedhiod prefdreadtméodd; ust rati ng t he potential change of

each conponent on the circuit of Fig. 24; and [Fig.

26] a [Myel@ragrapiasiowihy gt dhatacigistidieofai@Be®eOfonverter according
current in each conponent 15 on the circuit of Fig.

t@the thded prefdeebd thede; Carryi ng Qut the Invention [0045]

First Preferred Mode Fig. 1 is a circuit diagramof a

pover [(RAVAN beraRf SRkhd thel Baclelibids FRE g&%&dcontqglgeg according

of the present invention. This power convérter S

tFO¥RedRE e dRYE] f18de:20 alternating current supplied
from an /RC power supply S to direct current for

t putgid t | el . Sh in Fig. 1 .
19 :Jrg? [ghéd 22%%%28‘ | npwn%{gl%ncgc thﬁghcflo(%\éﬁedp‘*ﬁerf% verter according
td BRPYecoRE sk Lyg current, first and second output
glgn I%%ngn

connec S T4 for output of . direct current,
first and cond ,capacitars C and .. first and
sec ono[% G gg & %f‘%%“ﬁ% %eac%’fllﬂﬁ”é?? they chaggrierisipn b the power
ZDI t D4, and a therm stor TH. 25 [0046] The first
oSl P b P eEe anelecmd dbetbind pesiposbmone
series._on first 10 )
SA[F1g. 22] a circuit diagram of a conventional power converter;
[Fig. 25] a waveform chart illustrating the potential change of each component
on the circuit of Fig. 24; and
[Fig. 26] a waveform chart illustrating the change of current in cach component

on the circuit of Fig. 24.

Best Mode for Carrying Out the Invention

| [0045] First Preferred Mode

Fig. 1 is a circuit diagram of a power converter according to a first preferred
mode of the present invention. This power converter steps down and converts
alternating current supplied from an AC power supply S to direct current for output. Its

components include, as shown in Fig. 1, first and second input connections T1 and T2 for

_ input of alternating current, first and second output connections T3 and T4 for output of

direct current, first and second capacitors C1 and C2, first and second diodes D1 and D2,
a plurality of Zener diodes ZD1 to ZD4, and a thermistor TH.

[0046]  The first and second capacitors C1 and C2 are interposed in series on a first
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el ectric connection line LI which connects the first

i nput connection Tl and the second i nput connection

T2, in the order described fromthe first input

connection side. The first capacitor C is provided

for a voltage drop using vol tygge division, and the

second capacitor C2 for snoothing. For an effective
voltage drop in the first capacitor G, the 5
elegpyigctompedtionilinedi] whizhfdonsécts: the kst mpuiGonnectidAel'l and the second
second capacitor C2 is set to, for exanple, 1:1000.

0 43dncTtien fT2; &t theti @der M¥scfiyd hadf thaaitet M6t bdine@tdnOfide. The
is interposed between the first capacitor C and the

fse capatitonQack pesvided R at Wetabd Bedp RIBEVEkdze CRASBAL AfNthe second
line LI so that its forward direction is fromthe
capaditorof? thesnidotiiihg.l NMPManCIRBAEEE | | i

gécond 10 i nput %onnection T2.b?%ﬁ%gfhgﬁgﬁgg%%ﬁﬁpmmnrCI’ﬂm
caia0Rerddd drsh® H icAptithPC1db Sih @88 0f at:fg&‘ {3? E{.I:et to, for example
capacitor O and ‘interposed on a seg%n electric i
190pmection line L2 so that its reverse direction is

toward the second input connection T2, the second

(PRSP i SARDRERI9 ) B GARSEHRRIA B B e

the first
and t he .second

i ' i. [ LI,
R LR oSSR Pl BE A TR s

.connect t.on . T3.i s connecte et.ween the first diode D1
i RAWRRLGiretrip R is Fomabr e ‘%Itgfbﬁlsﬁ Pyt icprreclpr il ripward the second

. connection_|lI, and the second output connection T4
mipgt‘togﬂ?f‘é’@f’é'é'to the second input connection T2. ,
h%ﬁ%)ng] The plurality of Zener diodes ZDI to ZD4 are

r posegeond diede &8 teprpiidad foredisctargs o theofitsp oapacitor C1 and
. connection T3 and the second output connection T4 so
injgrpascd pajarsependeleeiric gpnusstion lise AR softhatritst feeersé dizectfon is toward

the second output connection T4 toward the first

the segand inp@roapedtion T23.the second electric connection line connecting a point
between the first capacitor C1 and the first diode DI on the first electric conpection line
L1, and the second input connection T2.
[0049]  The first output connection T3 is connected between the first diode D1 and the
first capacitor C1 on the first electric connection L1, and the second output connection T4
is connected to the second input connection. T2.
[0050] The plurality of Zener diodes ZD1 to ZD4 are interposed in series between the
first output connection T3 and the second output connection T4 so that their forward
directions are from the side of the second output connection T4 toward the first output
connection T3.
[0051] The thermistor TH. is for controlling rush current and interposed on the first

electric connection line L1 on the side closer to the first input connection T1 than a

position of connection with the second electric conmection L2. While, ‘in the
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[0051] The thermistor THis for controlling rush
current and interposed on the first electric
connection line LI on the side closer to the first
i nput connection Ti than a 25 position of connection
with the second electric conngction L2. Wiile, in the
11 configuration of Fig. 1, the thermstor THis
i nt erposed _on the second input connection T2 side of
c?’?’éﬂ”é%’&&ﬂft g letthe thermigjorpeH iy interpospddorothetsheonid insut connection
| nput connection Ti side of the capacitor C 1.
coB At thepapacituiC lbofit mebe brigpawdian thé firsténmit comtiettion T1 side of
shown in Fig. 1, at least the first and 5 second
thgicepeattopCland D2 and the Zener diodes ZDl to ZD4 may
be integrated in a single hybrid circuit (HOQ).
[([05@5 3] Hévbr et 9p ehei doingminknts of theipoivshiowe® VB! Erat least the first and
converts an alternating voltage of, for - exanple, 200
sedofidpdmdes/Bl und DI theeBerfer di@d&i‘lEDA\@o E@ﬁha}SHd)ﬁkégra%cd M a single
a direct voltage of 60 V. For exanple, with t

hyteiiasiduit IC). connecti on T2 kept at a ground
potential, an 10 alternating voltage of 200 Vis

[oBep] i Qﬁoﬂeospﬁffiﬁc:ﬁllf s pBiet c&ﬁf@ﬂ&c&dlﬂfgﬁ;_ %? aitgl‘gléélg voltage of, for

Corresponding to this. for exanple

Ve)&ngf%?&nggg gfe@halg gﬁlgi@eﬁ@gﬁéﬁaﬁ%mﬁge %gg;z?wer%ﬁpég %hfg ascgrceghgoltage of

d
60&2’2?%& 9% fe, i ﬁ'léa @(ﬁ%gﬁéélyt & ]Li]ﬁanﬁ.fe{? grqund potential, an

oA Y TRE a0 aapﬁlafsﬁ%%eaﬁ%f e Tionipr ¢

d 1 A res ve 005 In order to obtain
[ogSH), Zap FreRRfingdo Sﬁ%f Sxinth 166 Bt CRRAgItOn&] hata gapacity of 0.47

our, seri.es-connect. ner 8 D1 to ZD4 each
{r:1aV| I Basigpey PogmiEs] 8 V8 3@515%5 % hile gheagecond capacitor C2 has a

ser.j es n ted Zener di odes, each having a Zener
cag@c‘llgpra&%ﬁg(? ;lg aga ﬁayn@gn@g)e@enmsmble voltage ng 100 V. Further, the

maximum permissible voltage and current of the first and second diodes D1 and D2 are,
for example, 600V and 1 A, respectively.

[0055] In order to obtain a direct voltage of 60 V with stability, we use the four
series-connected Zener diodes ZD1 to ZD4 each having a Zener voltage of 15 V, but
three series-connected Zener diddes, each having ra Zener voltage of 20 V, may be used.
Here, the description is given of the case where the alternating voltage supplied from the
AC power supply S is 200 V (peak value), the present invention is also applicable to the
case where Thc? alternating voltage supplied from the AC power supply 8 is 283 V (peak
value), i.e., the effective value is 200 V.

[0056] As the thermistor TH, for example, employed is a thermistor that has a
resistance value of not less than 3.73 Q and not more than 47 Q within the operating

ambient temperature limits (e.g,, -20°C to 70°C), and more specifically, it is for



10

15

20

25

Here, the description is given of the case where the
alternating voltage supplied fromthe 20 AC power

supply S is 200 V (peak value), the present invention

is also applicable to the case where the alternating

vol tage supplied fromthe ACqgower supply Sis 283 V

(peak wvalue), i.e., the effective value is 200 V.

[0056] As the therm stor TH, for exanple, enployed is
ezarppler apsidoct mhmifattadsby Mesits ManéictaingeCaf LAt prb@s& number:
than 3.73 Q and not nore than 47 0 within the
NijPey72000BMB26  dthisi lewer lignpef 3178 € ik Mkdefmitied Svith red®ence to the
Cto 70'C), and nore specifically, it is for 12
neaxAitilecof s b@eE ttharRak foagirUi GbwaY-olY Uit @e current resistance of the
Manuf acturing Co., Ltd., product nunber:
it P 2208:VBEdesT A by, | ket witfer $indB of 4750 fis the value that is

determined with reference to th magni t ude of rush

n&gHei i@ borhPatd 6RR tRCHed@iceRFHRE éagﬂcaitog? g(]j téag& l.J;n ,n%Et_ead of the

resi stance of the I'rst and secon
thEBE; |i Ad i gyt ue that is 5
SamETED artEhe: Fertid®e B A KBNS (e
ciy QLS n . O, ipstead of the thermstaqr
(0B ST SpRBRtof priniinte b B B5nE' embfugred depotisd; In broad
xt, the operation principle of this powe Qnverter
°‘.N§“%é‘§ FRIONE YOltaBF steplice e fhé. A& pose! SRl Hyough the first and
vol { age, suppl i ed 0 e AC.power supply S through
scffiad RS SO RREF oS bb A 1A 5o CeGHhGiappeh Govm) Bndhoris gnd second
di vi ded (st%) ed down) by the first and second 10 :
capapies (drapd &2, gpehified to dateet qureeat by thy fiest dioda D lesmoaothed by the
the first diode DI, snpothed by the second capacitor
segond gapacikerppl. andt suppliedy asuarpouipubvoliage (660VMleftretli yethe Zener
by the Zener diodes ZD1 to ZD4, to the | oad side
dip@gsotighta BB4S for e leasldside thoougzhotht finst and se@at i cwgsut Ednnections T3
and T4. [0058] In nore detail, when the AC power
andilfbl y S has positive polarity to the first
[0058]  In more detail, when the AC power supply S has positive polarity to the first
input connection T1, current (charge) flows on the first electric connection line L1
through the first capacitor CI and the first diode D1 toward the second capacitor C2.
Thereby, both the capacitors C1 and C2 are charged so that their first input connection T1
sides are higher in potential than their second input connection T2 sides. At this time,
the capacitor C2 is charged to a voltage defined by the Zener diodes ZD1 to ZD4. Since,
as above described, the capacity ratio of both the capacitors C1 and C2 is set large, for

example, to 1:1000, the first capacitor C1 can sufficiently step down the voltage, and the

second capacitor C2 can secure a voltage of 60 V.

. [0059]  Here, Figs. 2 to 4 are waveform charts illustrating the potential and current

changes of each component on the circuit of Fig. 1. The value of each component takes

the above exemplified value. A waveform WD1 in Fig. 2 shows the potential change of
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15 input connection Ti, current (charge) flows on the

first electric connection line LI through the first
capacitor O and the first diode D toward the second
‘capacitor C2. Thereby, both the capacitors G and C2

are charged so that their firgd input connection TI

sides are higher in potential than their second input
connection T2 sides. At this time, the capacitor C2

the figti anpy ¢ormection 31l { ageveti @by thieudefigiredhoos she change of
ZDl to ZD4. Since, 20 as above described, the

vodipge adryssrthe ficst ofipabindhC t;hmd cawadiforad WIS 1natﬂig shrle ifiure shows the
set large, for exanple, to 1:1000, the first

rotgmiiel thang€lofctha ssedrd eutpat bonretesh FOWNHERE (NOMASRm WD?2 is
and the second capacitor C2 can secure a vol tage of

pobitive WHASAE firkrifputfdo@ifiectidntPl 4id@li§ YL {OpLARA theh the second
illustrating the potential and curren changes o

BAL BoLINGNENLiden the circuit of Fig. 1. The val ue of
each conmponent takes 25 the above exenplified val ue.

[@gé@?veﬁ\%mem WhFidFig?23 %H&w@ﬂfew m&m%htf ﬁEa” m the AC

the first I nput connectl 0 a wave
' f olta .
rofel M S BRI G0 e B9 fmﬁmscwm Tovin
t.enti al
ﬁ?@?&%%{@ﬁ{’ pu;JSlil g%l%nec d; fl-,g?s‘% co?l}?gg%nggfs ﬁPV@E"e direction.
mo%la %'e\%év% B B T o A% e
c on T2.si de. 0060 A vvaveform\/\D4 in Fig. 3
G%t“B’fo CHFBREOWIng R PFwa et of the first diode

Dﬁ M%Hi S to the first input connection Ti when
H ROs Vedihfeﬁtflmb urk Weﬁ)ﬂﬁvbﬂ’%@ inthesamenBeune showethe change of
S toward the first input connection Ti is the
CWt arang ity dg pesend dioleDR whem thef direvtivD®fi aurieng flowing in the

shows the change of current flowing to the first 10
reyeksel directionfdhe sdeendiidiode D2ois thé pasitiveaditecfibwi Agvaveform WD7 in
the forward direction of the first diode
the same figure shows the change of current supplied to the second capacitor C2 when the
direction of current flowing from the first diode D1 side toward the second capacitor C2
is the positive direction. A waveform WDS8 in the same figure shows the change of
current flowing to the Zener diodes ZD1 to ZD4 when the direction of current flowing in
the forward direction of the Zener diodes ZD1 to ZD4 is the positive direction.
[0062]  First, Fig. 2 is explained. Hercinbelow, for the sake of simplicity, the forward
voltages of the diodes are ignored. As shown by the waveform WDI, the alternating
voltage outputted from the AC power supply S fluctuates with a period of T, taking a

voltage value of 0 at time t0 and taking the maximum value at time t1=t0+1/4 .

- [0063] At time tl, a voltage of 60 V is supported by parallel connection of the

series-connected Zener diodes ZD1 to ZD4 (hereinafter referred to generically as a Zener

diode ZD) and the capacitor C2. Thus, the diode D2 is not conducting due to



10

15

20

25

Dl is the positive direction. A waveform W6 in the
sane figure shows the change of current flowing to

t he second di ode D2 when the direction of current
flowwng in the reverse direction of the second di ode
D2 is the positive directionl4A waveform WD7 in the
sane figure shows the change of current supplied to

t he second cap acit en_the 15 direction of
I%Fﬂ’r"ﬁé 0 ?{?\Xfﬁ@"? 0%8%.@@@%{ 13ge paros§ faecmﬁa@roCI is 140 V
t he ond ca acut}{&) C2. is the positive direction.
a%Ag\? i PBVeTATR fED3 ghiimeith | Eha i s anede prigntid OﬁftheledEDI
current flowng to the Zener diodes ZD to ZD4 when
istfeVdirection of current flowing in the forward
direction of the Zener diodes ZDl1 to ZD4 is the
[0964] t i Theregiften dhe arpde[mosnial pf thst diodd 1 decremses with a reduction in
expl ai ned. Hereinbel ow, for the sake of sinplicity,
cingiingyaltage outpotitdfyers thé Ahpovdircdmsly 8; end thediwid.D1 becomes
As shown by the waveform WD, the alternating
nomsbbdgtivautlpubateasd, there ihiro 'ﬁﬁlhpbmﬂ{e cippgitor A to discharge, so that
fluctuates with a period of T, taking a voltage

the ainbde pbtetlidl dfithe diddeaDt coatinig tbhRcidBe Wil tH@WIRagd across the
time tl =tO+ T/ 4 . [0063] At tine tl, a voltage

caphcifi® O kept St MOV ed hlyisPaiihd Bl tﬁ@é‘ﬂ&%éﬂ’ﬁ 2d Eheéhe diodes D1
seri es-connected Zener diodes ZD | to

andiT87 Slehdtif finchb&hRfingd to generically as a Zener 25
di ode ZD) and the capacitor C2 Thus, the diode D2 is

[0095] Candh Clh O Uste (Ej&n%xé 'd‘r‘o%‘s't8r148f ru‘%r‘{ee %{1 ¢, diode D2

vol'tage of 60 V, an age acr oss he cap

be?ﬂmlesc‘cc;]nﬁgcf‘th - gﬁ%g‘%ﬂ‘g %IE tc{?: O\PIaYIE'LLOOfr tg% g\Dé %fl 1s; s Eyreduced to
o T M BESER RSB Sy S vy
pa.g%%g F:g:?:gc{g%h 8? H?qu% glg:tgp@ g&gﬁ%‘g}lérh HAC O\é\ﬁe: diode | is still
m%?@%}eagg ghe xtggl%{) o ang (s)ta eat h[‘hfu(s) revterrl] ?f t%g F;ia@tgrlntzﬁtt?rig \cf:(l)ltatgg drops later
on, as long as the diode D2 is conducting, the voltage across the capacitor C1 continues to
coincide with the alternating voltage outputted from the AC power supply S and becomes
—200 V at time t3=t0+3T/4. All this while, the anode potential of the diode D1 is
Zero.

[0066] Thereafter, when the alternating voltage siarts to increase from the time 3, the
anode potential of the diode D1 increases with the voltage across the capacitor C1
maintained, and the diode D2 becomes nonconductive.. Since the diode D1 is also
nonconducting, the voltage across the capacitor C1 is kept at ~200 V.

[0067]  Then, when the alternating voltage increases to ~140 V at time t4, the anode

potential of the diode D1 becomes (—140) —(—200) =60[V] since the voltage across the

'capacitor C1 is maintained at —200 V, and thereby, the diode D1 becomes conductive.
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the anode potential of the diode D continues to
decrease wth the voltage across the capacitor C
kept at 140 V. That is, during the time between tl
and t2, the diodes DD and D2 are both nonconducti ng.

10 [0065] Then, when the aItEEpating vol tage drops to
140 V at tinme t2, the diode beconmes conducti ve.

Ther eby, the anode potential of the diode DI is '
Biatispthy dietts Dchndd? aderbost narebaduding daHing thelthfe between t3 and 4,
cat hode potential of the diode D1 is kept at around

bi0the diydetIhebecpaies bbiluctana®e tingi40f the capacitor C2
and the Zener diode ZD, the diode D is still

[0G98)t ailRedaften, tHe alBRRAMROUSTA0R Garil ﬂfeevolﬂ:%esacrtﬁ%/%e icga%acitor Cl
t he alternatlng vol t age drops later 15 o

niditaih DfEfetddod Sf APPBEEIdeR thent DSHMALL 39S Cr OSS t he

capac:ltor C 1 continues to coincide wt

[@69? r NB{ i3 Weh%w%%“@g4 %ﬁoq{g nécﬂﬁg/'\%kﬁgﬁf Viluesy the diode D1

supply S and becomes

ISIZ Ee]drr%lu% %gjl R»Q-Eegraig g ﬁé%%ﬂ% ac%lﬁgﬁtat gngd(ﬁ&cg{/la? 18 g‘gnductlng
3

T Y S b e S e e

R SR S T T R S5 B some

duct | tage across the capacitor d is
oRgook: B Bsosert qlomBArC oAt o didend lanbiatiunghei pedks ar

vol % increases to -140 V at time t4, the anode
¢ i’ﬁg 3 thegungtipn ofiteridempisioedéhes (- 140) - (- 200) =60[ V]
since the voltage across the 25 capacitor C is
[99ePht a¥inesicuarent Howsvn thengverie disbytiont dfethel Zoner dibde ZD (waveform
becones conductive. 15 That is, the diodes D and D2
WS west fis supdddiec thenipadsirdongedidie thirbogh bigd i@ nadd3 sapdd output
t4, but the diode D 1 becones conductive after tinme
caniections T3 and T4, in Fig. 4, current supplied to the second capacitor C2 (waveform
D7) is shifted to the negative side of current flowing to the diode D1 (waveform D5).
[0071]  If the diode D2 is not provided, the diode D1 will not become conductive after
its anode potential becomes 60 V. This is because, since there is no path for the
capacitor Cl to transfer its stored charge and thus the voltage across the capacitor Cl1 is
maintained at 140 V, the anode potential of the diode D1 transitions between --340 V and
60 V. In this case, there is also no path for chérge of the capacitor Cl1, so that the
voltage supplied to the loads will decrease.
[0072]  On the other hand, the presence of the diode D2 allows the capacitor C1 to be
discharged without drawing the charge of the capacitor C2 and further to be reverse
charged. This reduces the voltage across the capacitor C1, allows the conduction of the

diode D1, and makes the capacitor C2 chargeable.

[0073] As so far described, according to this preferred mode, the voltage drop is
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[0068] Thereafter, the alternating voltage and the

vol tage across the capacitor U nmaintain a

difference of 60 V between themuntil time tO+ T. 5

[0069] In Fig. 3, when the waveform W4 shows

positive current values, theld#i ode DI is conducting;

and when it shows negative current values, the diode

D2 is nducting. ..Iln Fig. 4, .the wayveforns W5 and
cff0 Bt et it it B i e ppieitor K- pdbisup eehlirffcient because no
.§g%itive current values of the waveform WD4. Both the
] P51 PREVEH BWiRso s VoMage sHemt anchthush ghese s moofieed to consider a
conducti on of the diodes D and D2, but their peaks
coprgermegsg Ag3inY hed fpyparipberlisampansnist  Ahso, theey isinstneed to use an
TH. [ 0070] Since current flows in the reverse
CYRenEi¥eiapd yehonapacity réep-diivod eesion awmire Conventitiie ) teatmitjues, which
is supplied to the | oads connected through the first
regalls meosirddetioput  connections T3 and T4, in Fig. 4,

current supplied to the second capacitor C2 (waveform

[U97%] | Fusthief,tthel uhnectisity rod gainiy eestsp-dewn fresistbs, &@Hich is often large in
flowng to the diode D (waveform D5). 15 [0071] If
sizd)alldivedere@iction inahe Plotifithestea bh CorlpOetRAisDAndWh!the §9L of a device
beconme conductive after its anode potential becones
cdiffighratibhistcH & PPEAES Gircifit Hsaed.t id g&ﬁ&"

cagaci tor C top{ir ansfer its ’svflgglgaéidﬁgl% angi%méﬁfstrucum
arld®@sivol t age across the capacitor C is naintained at

140 V, the anode potential of the diode D1

NS ik : n_this.case
G Ftu!rt‘ﬁgﬂs, ﬂ%&@?&oﬁé?@ e\éaﬁl@gthe%%fp\(? Rié a statle éiilrfacgtrvo&aj,ge.

there is also no pat or charge o (
8P kb 0 S AR e Ay v o
o e A S e B bt R PR SHibe o e
10521 £ubire S he Py et oG S aamictpr €1 1 eissvand eapacitor

he conductiqQn .of the diode D1, and nmakes the .
Cﬁc Eﬁﬁ’{:ﬁoﬂéfo%%fﬁ%?lﬁ @ligymating current can effectively be divided and rectified to
direct current by the first and second capacitors C1 and C2.
[0078]  Second Preferred Mode .
As above described, the change of the alternating voltage supplied from the AC

power supply S through the first and second input connections T1 and T2 causes

~ fluctuations in the voltage across the capacitor C1. Thus, even with the occurrence of

large ripples of the above alternating current, the charge and discharge of the capacitor C1
are caused, and large current ﬂpws to the Zener diode ZD. This may increase the
thermal load of the Zener diode ZD and lead to thermal breakdown.

[0079] For example, it isr assumed that, in the first preferred mode, the alternating
voltage inputted from the AC power supply S rapidly increases from around 200 V. In

this case, since the voltage of approximately 140 V across the capacitor C1 is maintained,
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25 [0073] As so far described, according to this

preferred node, the voltage drop is 16 caused not by

a resistor but by the first capacitor . This is

highly efficient because no joule |oss occurs during

t he vol tage drop, and thus, agere IS no need to

consi der a counterneasure agdi nst heat for

peri pheral conponents. Al so, there is no need to use
tidNandé RGP oRIHE dibd I3RS i‘&tp‘,’(dlﬁ ifRReAeNnf G SR BF becomes
i n conventional techniques, whic 5> results In cost
chdtiefilid. ONMFhel {Aettih] FEYLE BE% on ??#@lﬁ&ﬁ)glsﬁ Ei.?éﬁ Qlfxes I&L‘;ﬂé&?ﬁ Ptential of

step-down resistor, which is o rge

- iRwe 19% QAUER 11Ot alifkdt € idTRARE HDIHAT S ?ﬂg%ioglggﬁﬁgegﬁg)%e DI, is

and int sl ze of a device configura

oBFHBEESE b4cHAR VLG5 FRAEOLROCEN s coe s
PO B B F S S5

' trol of rush.current flow ng on the )
This SEhdgfen Bt ieeuf ool PRE 16 dhieieer ghers (s KEpatingqvaliage rapidly
. 77]. Furt her ince the capacity ratio of the first )
S o mind 308 oG el e Slpmio e oo apedesaitentish of the diode
:.1000, the input_alternating current can effectively
Déés weiererddo aver 6 ¥ thyftherpples- 15 direct current by the
first and second capacitors C and C2. [0078] Second
[U588F e rGanyerspiye thes phtnonende san iabrdoccthén ahsingtomfwltehe the anode
alternating voltage supplied fromthe AC power
peteppil yof She Wicglegi1 tdnepsf tor elown® Vs ednrch mpsituation where the anode
connections Tl and T2 causes fluctuations in the
potabtiah g€ tiecdiods Dl hepitispdeirdasts @ith aTiapis, droy e thd AlkerhdiBg voltage,
occurrence of 20 large ripples of the above
thal diedenBOi dir%:e(llhﬁcbﬂﬁﬁ cobhdiRtichargenand shorehsdiafiaplortiie diode DI
capaci tor

returns to 0 V by a phenomenon similar to the discharge and reverse charge of the

capacitor C1 during the time interval between t2 and t3. However, if the alternating
voltage returns to its original potential after the rapid drop, the anode potential of the
diode D1 rapidly increases and the diode D1 and the Zener diode ZD become conductive,
because of a shortage of divided potential supported by the capacitor C1.

[0081] Considering from a different point of view, since the anode and cathode
potentials of the diode D1 are clamped respectively to 0 V and 60 V, ripples of those
potentials cause pulsations of the charge and discharge of the capacitor C1, resulting in
the flow of unnecessary current to the Zener diode ZD.

[0082] Figs. 5 to 8 are graphs for explaining the above phenomenon. Figs. 5 and 6
show the characteristics of the power converter shown in the first preferred mode, with no
ripples of the alternating voltage. Figs. 7 and 8 show the characteristics of the powér

converter shown in the first preferred mode, with ripples of the alternating voltage.
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~are caused, and large current flows to the Zener

diode ZD. This may increase the thernmal |oad of the

Zener diode ZD and | ead to thermal breakdown. [0079]

For exanple, it is assunmed that, in the first -

preferred node, the alternati vol tage i nputted

fromthe AC power supply Sr dly increases from

around 200 V. In 25 this case, since the voltage of
Hpprtheifnsitoapacitbd CIVhaCH ogfckn of 072G, Qhe Sécohd capacitor C2 has a
mai nt ai ned, 17 the anode potenti al of the di ode DI

capasity b8 AT HF iaRg HIRoG8EmisRR T RR 13bQ8enivaRRGRTBS O |

conductive. The potential of the first output

. | . h )
800A°Cl 0BTkl £ SO0 1 bl oo
&ﬁ&d&%&é 9 g/ﬁ]eé %e gir&gﬁmq)f %}}ér?%%lﬂaﬁt%awgl:ge faetwggg d\{reggon of the

conducti on ener dio

' . . .ph i m| h h
REPUER 294 B SRR i 0o v

Thi.s QJhenaomenpn ccur not only jn the case where .
a2 1 R R e B0 s e rgmeq of hagdiovring i the second diode
ound, 2Q0 V. but. al so in .a situation where the anode

I s ha fires¥iop g cBireRid lovene F e demwad dieationcaydbe wgond diode D2
.by the ripples. [0080] Conversely, the phenonenon can

i the goge firechion, a1t RPRAAIER HER HothavaeformOWDS (in Fig. 4). A
potential of the diode DL drops to below O V. In such
vaveform VDo likisdhe waneformdoli®1 (poFign2), shows thehmtetitiabiehange of the
D rapidly decreases with a rapid drop in the

figgt drgprui geninagtionol 1. wing the caieodecrdhectiemaliag aokage employed has a
conductive. Then, the anode potential of the diode D

peakt valwssoff 2830V \4nldya freglemopmE50isi M kawefodmt W12 shows the anode
di scharge and reverse charge of the capacitor C

polentizl @f thtedibde® 1] WhthvadrreBRinde e a lddfabsteGf tHOWRME shown by the
if the alternating 15 voltage returns to its original

waedfenhd WDlahdewpDohe rapi d drop, the anode potenti al
of the diode DI rapidly increases and the diode D1

[o0Rd] t helHHERBE hotiHRWS, 4RoREGONBWENNHY Gldt Uhd second output connections

T3 and T4 is maintained at 60 V regardless of the presence or absence of ripples.

[0085] Figs. 5 and 6 show the same contents as Figs. 4 and 2, respectively, although
the alternating voltage has a different peak value and the positive and negative parts of
the Waveforlhs are converted. The waveform WD12 ranges between 0 and 60 V.

[0086] Figs. 7 and 8 illustrate the case where ripples with a peak value of 50 V and a
frequency of 1000 Hz are superimposed on the altematiﬁg voltage. The waveform
WDI12 in Fig. 8 shows that tlﬁe charge and discharge of the capacitor C1 are repeated.
As shown by the waveform WD80 in Fig. 7, current flowing to the Zener diode ZD also
has ripples, and it is clearly greater than that shown by the waveform WD80 in Fig. 5.

[0087]  Thus, a second preferred mode provides a technique for reducing the amount of

- increase in the current flowing to the Zener diode ZD even with the occurrence of above
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because. of a shortage of divided potential supported

by the capacitor C. [0081] Considering froma

di fferent point of view, since the anode and cat hode
potentials of the diode D1 are cl anped respectively

to O Vand 60 V, ripples of fiBose 20 potentials

cause pul sations of the charge and di scharge of the
capacitor O, resulting in the flow of unnecessary
“Bﬁg?ent to the Zener diode ZD. [0082] Figs. 5 to 8

@rg graphs for explaining the above phenonenon. Figs.
[8985hd T2 Shisw et (iipgiamep gt Paseerofonvpiserpenserding to the second
converter shown in the first preferred node, with no
Pefgspdanodst ofttheprepens inventiony vbhis agwer deinyerter is endigBred such that a
show the characteristics of the power 25 converter
resismR [snenepieyed; insitachoEthertherthistod €H nithdrpowgpdoasertdr according to
the alternating voltage. 18 Here, the first .
thedjrsigirtferreddnotia sind thoa paapdojtonC30s ddded whithhie ce@eRRd between. on
capacitor C2 has a capacity of 470 ,F, and the : ,
ertdhelithe ssistor Rrbrhihs fiastig@it sbarcton T YRle@hd 2@ sebordddfR]connection
In these figures, a waveform WD80 shows the change of
Tzurrent flowing to the Zener diode ZD when the

direction of current flowng in the reverse direction

[008%} P%eﬁar&.@ﬂ&r ofGh& Ehaéltbr &3 hldReP AR Her )Sgtgl%hﬁﬁ)?? n'?he transfer of

and it is of opposite sign to the wave
O A G b oo e o Rht B GO BREE ] PR e Zemer
_ : o . ; . ot .
WSS LOTT RO 18 b0 M 551 B0 Aledlf oo o e
. ' ' th f W6 (in Fig. 4). A
i ofRte B eRols ne Waverormvr (in Fig. 2).
he. pot ent ) al the 10 fi toi t

OB e dr e ekl e ioHe clioee ierace fe apRlhdrmolinge Vd of
. Vol I h k I f d
G LR O S—
potential of the diode DI, which corresponds to a
foythercapaiarcestalyes o bg crpaciiors ] ayl Chehe amount of charge transferred

from the capacitor C1 by the pulsations can be expressed as Ql=Cl-(Vd— Vd). Ifthis
amount of charge is covered by charge Q3 =C3-Vz that is accumulated in the capacitor
C3 by the voltage Vz, it is possible to reduce the charge transfer, i.e., current, through the
Zener diode ZD. Thus, the following should hold: C3>Cl1-(Vd—Vz)/Vz. That is,
if the capacitance values of the capacitors C1 and C3 are set to be approximately the same,
the flow of unnecessary current to the Zener diode ZD can be suppressed even if the
ripple amplitude of the alternating voltage is about two times the direct voltage to be
outputted.

[0091]  For example in the aforementioned example, ripples occur with an amplitude of
100 V. Thus, for adoption of the capacitor C1 with a capacitance value of 0.47 4F, the

capacitor C3 with a capacitance value of 0.33 4F can be adopted in consideration of a
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wavefornms WD1 and WD2. [0084] Although not shown, a
vol tage between the first and second out put
connections 15 T3 and T4 is maintained at 60 V
regardl ess of the presence or absence of ripples.
[0085] Figs. 5 and 6 shom1th? same contents as Figs.
4 and 2, respectively, altho éh the alternating

vol tage has a different peak value and the positive

séfwd ofegaicityespeafit&idafvaldeBe waveforns are converted.
The waveform WD12 ranges between 0 and 60 V. [0086]

[00923. WHRKLS rbdiliS R & Rol BReRAFR %}E{cﬁr{tiio? H&S%B%Itémenﬁo-ned

a peak value of 50 V and a 20 frequency o

P RS T b My LR B AL R 4l st currens,
EARPRE IS of HPUEIAEL Ble e b b BRARL By et 1R the i
P EATS, B 2afinbR e far i o By Wittt CRvipgoonstant.

1958301 g q e T iare Hanns, ir b eveihti oy mopower supply

dj crease in the current flowing to the Zener diode ZD
IEPEECTIR W NRPVEE c BRTVENIRTe 2610rdiBEy i ke spqopd| mesferfedogpyde.  The
Fig. 9 is a circuit diagramof a power converter

capa fEiiclh‘gartdoCiZ Heve dicosaic prnerkancevalisgas ai thaBrst preferred mode
present. invention. This power converter is configured

shoyanin Kigs. 2 to S fheseapaciter 63 dap aosapacitanes alde of 4 Fe 4F, and the
therm stor TH in the power converter according to 5

repiger | hasta rpsigtinpeveliemf 320 @nd Theatymbobay dei wawef&Ehsi #e common
added which is connected between one end of the '

- tortbeiesn diigsRS om 81 hEhd ivesdfoinmpstiovaninriigy. il 0And Il 1 siediadf ddentical to

the second i nput connection T2. [0089] The presence

thode (il Pigs apaai 6)dn thecas@ivith ndPie bud distoRdin ialthOPSwer converter
the transfer of

according to the first preferred mode.

[0094]  Fig. 12 shows a comparison of the waveform WD80 in the case with no ripples
of the alternating voltage and at an early stage of the period when the alternating voltage
is positive, the graphs L1 and L2 corresponding to the waveforms WD80 in the first and
second preferred modes, respectively. It can be seen that, even in the case with no
ripples, the current flowing to the Zener diode ZD is smaller in the second preferred mode

than in the first preferred mode.

[0095] ~ Figs. 13 and 14 illustrate the case where ripples with a peak value of 50 V and a

frequency of 1000 Hz are superimposed on the alternating voltage, which correspond

respectively to Figs. 7 and 8 in the first preferred mode. Although not shown, the
voltage between the first and second output connections T3 and T4 is maintained at 60 V
regardless of the presence or absence of ripples.

[0096]  Figs. 15 shows a comparison of the waveform WD80 at an early stage of the
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charge fromthe capacitor O, other than the paths to

the diodes DI and D2 and the Zener 10 di ode ZD. That

is, the voltage across the capacitor O can fluctuate
according to the ripples of the alternating voltage.

[0090] This is fornulated.as _follows. If we introduce

the anplitude voltage Vd of 2 ppl es and the vol tage

Vz supported by the Zener diode ZD and adopt the sane

SNE Qnen fileOKl e ARing ARRGIS RNRiNR!iH$5a0Y dnlS CARAG

I:)Cl and C3, the am%unt %f ?I;oalrge trass errec?’?%a&ra%%rﬁg and L4
bh&sp6ARALT {0 ;;H& Hghat n d
CRREEPRBRE, ©lhoqwaRaft WBERPL S (G af AL PMRred modes,

a anount
b = { t.1 | at. i
rERUALER, O SR el £ cupfpat 18Uk o 16F 2Rl SERGs 5 be mace
o SR e R 8 el BB i e e Bt oo o
? . d.- Vz. That is, if th it
[@%eglgfé%(ﬁger@g&%‘{{et ofs a aan:jSCS Iar e sgt c?gagle nee

approxi.mately the same, 20 the flow of unnecessary .

cur r entt'8t B tSifecisuihagin Bk a9 e somestist pesoeding i @ third preferred
if th ri pple anplitude of the alternating voltage

moge aﬁﬁmm@%ﬁ myveRiton; ) &higiposver coevertgyts differsat from that according to
outputted. [0091] For exanple in the aforenentioned
theysgersidepreterrp mosle iaghat the eapagitoraGp kird theeesistor ROfde Yonnected at a
Thus, for adoption of the capacitor  with a

~ digigpeae poiah c Momd specibtally, i qpaciton €3 i2Bomeptad bbioweefdne end of the

with a capacitance value of 0.33 pF can be adopted in
resstos Rdwr tht isevond fingmt 260mestiun T3 sidE aadh@Geédnd input connection T2.
speci fication values. [0092] Wile the resistor Ris

[0088] t dkgx 17nind 180416 ipttphakh®Rinkthé RaverbaheTPMe AABEHith no power
calculation, in practice it is desirable, in order to

supply Sishefich i eRAYovwdraloBvatd dddeiiflts” 83t Mird (rOfeAd®Rhode. The
a resistor of approximately one order of magnitude
saAPEAcAAS at ithe s&ohd Brdfbrr&} mode are adopted for the capacitors C1, C2,
and C3 and the resistor R.  The symbols of the waveforms are common to those in Figs.
5 to 8, 10, 11, and the like. The waveforms shown in Figs. 17 and 18 arc nearly
identical to those (in Figs. 10 and 11) in the case with no power supply distortion in the

power converter according to the second preferred mode.

[0099]  Figs. 19 to 22 illustrate the case where ripples with a peak value of 75 V and a

frequency of 1000 Hz are superimposed on the alternating voltage. Figs. 19 and 20

show the characteristics of the power converter according to the third preferred mode, and
Figs. 21 and 22 show the characteristics of the power converter according to the second
preferred mode.  Although not shown, the voltage between the first and second output
connections T3 and T4 is maintained at 60 V regardless of the presence or absence of

ripples.

[0100] Fig. 23 shows a comparison of the waveform WD80 at an early stage of the



10

15

5 preferred node, for exanple a resistor of 22 Q
thereby to increase a CRtine constant. [0093] Figs.
10 and 11 are graphs showi ng the waveforns with no
power supply distortion in the power converter
according to the second prefg{red node. The
capacitors Cl and C2 have th Zanme capaci tance val ues
as in the first preferred node shown in Figs. 5to

pBriod Wief FRAG L RAtine3dN@Se & hﬁﬁféi i‘iﬁ‘ig£ 193bUB 9f %gﬁlggf L5 and L6

,uUF, and the 10 reésistor as a resistance’va
8 EspBndifd EoSHEL QLS vef
ct hospeni nE1 Fiogs. 5at %fg{éi.lst he%mée%%@n%&éﬁoﬁm%%i%e%ned modes,

oAt 1608 B Yol AT R RS EADEU P e e
oS R o AR ) Pl L ELAL

RS P P00 R 0 ) BB B
S0 T P S L9 o S BB e

inthe first an second preferred nodes,
P?“E?’Ef‘gép?%‘%i?? 1n the sggong drefewed mede, Bather wordpdhe time constant of
wth no ripples, the current flowng to the Zener

a §iRo sraicpoirpuit &evmied f theycamaeitardeband Preaksistoe® eanddfectively control
than in the first preferred node. 20 [0095] Figs. 13
thenufluence pf tipplessefghe plécroatig onirene ri ppl es with a peak

value of 50 V and a frequency of 1000 Hz are

[BOREr i Mpwsed inntetrhe ofibtingingtdaven el pevge, rakg ©F the resistor R and
correspond respectively to Figs. 7 and 8 in the

reflucing thir Gfcof esnpondets, thetposieg Rofites AQWRding A the second preferred
vol tage between the first and second out put

mo08 ie@bicadeSirdble. aNThid 4 bezanRi lenefhsRE b&eh the capacitors C1 and
regardl ess of the presence or absence of ripples. 25

CB A336dh fhle 48si | t :
VD80 éal? an ésée}l?%%s]%%gﬁg?& k2 2‘§i%re@‘§re’ OfirefPHEWRIE the resistor

R can be reduced even with ripples with high frequencies.

[0103] While the invention has been shown and described in detail, the foregoing
description is in all aspects illustrative and not restrictive. It is therefore understood that
numerous modifications and variations cah be devised without departing from the scope

of the invention.



peri od when the alternating voltage is positive in
Figs. 7 and 13, the graphs L3 and L4 corresponding
to the wavefornms WD80 in the first and second
preferred nodes, respectlv% . It can be seen that
the current flowing to t heZZener diode can be nade
much smal ler in the secoqg referred node than in the
first preferred node Third Preferred Mode

L 8 o ) ARl R RGBSt o

voltagbnvem' on. This power converter is different from
that according to the second preferred node, in that

the capafd helvelBomtshdM®rm@Rigg;or R are connected at

a differeht point. Mre specifically, the capacitor

G s Gpored ssbdiff WBaNcARciBfs §br :hbemihg gaﬁfA@hﬂﬂtaBe

.on the second input connection T2 side and the second

i nput  eofimeechpacitofZand & 3288hd agacitdrintifoddd iy series on a first

graphs showi ng the waveforns in the case with.no
electriposmmectapding betstemrt saia finst trypuipoweection\ard said second input

according to the third preferred node. The sane
connespe; injarael How asideroftsad ﬁ@émt;@peﬂ@rﬁm nmode are

adopted for the capacitors d, and C3 and the

 resi stdfirgt dipde §ferpesed chetWﬁ@nvtaveﬁr@t gaPagitor ctheaid second
to those i_n Fi 15 5 t andthellke

Capac‘ffﬁ'éoﬁla‘iﬁé‘i‘ QF%'g%%PQWePF'% “”?ﬁ%&@t 1§ QP’éafHe‘é'ﬁ%?'On is toward

lcal to égose (in Figs. 10 and 11) in the case

Sa'dSW(P HE)UZ) GRER [ﬂﬂnly distortion in the power

fSBSS]r Bhodie Al i Bt o ?%9?'%8’8%@6&9&4@}%?%” ine so that
its re\fléég%’ cﬁ&%c%ﬁ Ns &Rk s\é?d 8cOhd inplt 88thétioh! %Qﬁ?éé’orﬁf electric

are superi rrpose on the alternating v

connektiff 1ind 2oLty a HdirtHevbEs sﬁﬂﬂ"r@?&&éécﬁﬂo‘r GRd@hi dc)t f‘r%t diode on

power converter according to the third preferre

said flrm%ctﬂ@doﬁh@ﬁ;eﬁlb@@ﬁd%@b@&bﬁ&ﬁlﬁgh%@fé@bh?t i cs of
t he power converter according to the second

pr ef era eftstrangpufAlcbhnaigiiomddr studpeit, of heaid dbCageltage, which is
between the first and second out put
connected between said first diode and said second capacitor on said first electric
connection ling; |
7 a second output. connection for output of said DC voltage, which is
connected to said second input connection; and
a third capacitor, one end of which is connected between said first

capacitor and said first diode on said first electric connection line, and the other end

of which is connected to said second input connection.



connections T3 and T4 is maintained at 60 V
regardl ess of the presence or absence of ripples. 25
[0100] Fig. 23 shows a conparison of the waveform
WD80 at an early stage of the 22 period when the
alternating voltage i s posé®®ve in Figs. 19 to 22,
the gr and L corre ndi to .t he wavef orns

hs L5
2. \pgo i hG REWEEEBRYETIRIAS PR TANB IR CEiIek Tudriscomprising:

o e Zenel ciidsBRpSech BEhetfeeithiip Lhl onnaglion dnd saic

secorl bl B Yl ROk AR B s G o g 55

charge transfer between the capacitors O and C3,
the effect of the tinme constant determ ned by the
resistor Ris greater in the third preferred node.
than in the second preferred node. In other words,
the time constant of a CR series circuit fornmed of
the capacitor C and the resistor R can effectively
control the influence of ripples of the alternating
current. 10 [0102] However, in terns of bringing down
the power rating of the resistor R and reducing the
si ze of conponents, the power converter according to
the second preferred node is nore desirable. This is
because charge transfer between the capacitors d and
C3 through the resistor Ris not remarkable, and
therefore, current flowing to the resistor R can be
reduced even with ripples with high frequencies. 15
[0103] Wile the invention has been shown and
described in detail, the foregoing descriptionis in
all aspects illustrative and not restrictive. It is

t heref ore understood that nunerous nodifications and
vari ati ons can be devi sed without departing fromthe
scope of the invention.



23 Cdains 1. A power converter for stepping down
and converting AC voltage to DC vol tage, said power
converter conprising: first and second i nput
connections for inputting igid AC vol tage; a first
capacitor and a second cap&Citor interposed in series
op a first electric connection fine between said
connepﬂpgt i nput connection and said second i nput
connect40n, i r.fraom i f.sai I rst_input
3. Gonneot!Ehpokls fodBrier ceR it . Saint Be i S in:
first of [ - i sali .
TSt S RAbEmangsa donf S BRAGH! Bindlnf fhe deimitec
by a plintestiddthetfol ANRER: firsBhAd SBEONY oldbiK cSMEIEDN IR arf the first
second di ode interposed on a second electric ,
input €6HHRREbhON | i ne so that its reverse directionis
toward said second i nput connection, said second
el ectric connection |line connecting a point between
said first capacitor and said first diode on said
4. first elecpower comerier iasrset foréh iracidins 8| Wheesiond | nput
connection; a first output connection for output of
sai d DGaidbrasigjer iswhthemmisior.connect ed bet ween said
first diode and said second capacitor on said first
el ectric connection line; a second output connection
for output of said DC voltage, which is connected to
5. said sATBHROVRRRNEEIH SSIeHIN RUCAM f; WESEHBac ¢ or

one enda 8£péﬂg{ycpatfosofc SAl Frétegapbaeéit\g??g ssa’\% amjd cr;gggacitor is set o

about 1:1.
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capacitor and said first diode on said first electric
connection line, and the other end of which is
connected to said second i nput connection. 23a 2.
The power converter as set forth in claim1, further
conprising: a Zener diode interposed between said
first output connection and said second out put
connection so that its forward direction is toward
said first output 24 connecig on. 3. The power
converter as set forth in claim?2, further
conprising: a resistor interposed along said first
el ectric connection line delimted by a point of

connecti-gn at said first d..second ¢l ectr.ic . . .
Bnnect | I FoViSE CaRYETER & 37 PO RISl 2 oliekcih f cgppeity ratio of said
The po converter as.set forth.in claim3, wherein
Sard r eI BPAHIOT I FHHTSEBICIIORE SHHE BB T conver t or

set forth in claiml, erein_a capacity ratio of .
id fir RORSEEPREHICE &3 %eﬁ_ﬁfcath iR ql%mcgaﬁm%a cpRacigyatio of said
to about 1:1. 25 6. The power converter as set
forth i flrel apasitor tpmad Brid capecalonds sl torahpiol:bf sai d
first capacitor to said third capacitor is set to _
about 1:The Bwer cnerigoseset EgHlviaraam hgvheegin peapayity matio of said
claim 3, wherein a capacity ratio of said first
capaci t derstt@apsaiod ta $iid thirdagepaditoo s sestosaboutt blabout
1:1.
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8. The power converter as set forth in claim4,

wherein a capacity ratio of said first capacitor to

said third capacitor is set to about 1:1. 10 26

ABSTRACT In this power converter, a first capacitor

(d) for stepping down of vobgage, a first diode

(D1) for half-wave rectification, and a second

capacitor (C2) for snmpoothing are interposed between

first and second i nput CG%BEERﬂéﬁé (TI, T2) for input

of alternating current; and a second di ode (D2) for

di schalngbisgfoweheorverist, acfisacaptaoitor( @1) forssteppigy posedf voltage, a

bet ween the second input connection (T2) and an i nput
fistdicdf (Dhefof halftvasle odtfi¢ddon, andh k@oAA PGt (CRRfYr smoothing are

supplied froman AC power supply (S) is divided

infapeseddettwanirstynd debend inpat camtbct@GOMd, TP & ihPihtSof alternating
(Ad, C2), rectified to direct current by the first

cutted@ear(dd Jecond ARAEL BD) B dikhasRC ONthe GRRAGPAGIor 1) AMfiterposed

supplied, as an output voltage defined by Zener

ol i o024 9 8 5y 50N e e 0
Alternating current supplied from an AC power supply (S) is divided (stepped down) by
the first and second capacitors (C1, C2), rectified to direct current by the first diode (D1),
smoothed by the second capacitor C2, and supplied, as an output voltage defined by
Zener diodes (ZD1 to ZD4), to the load side through the first and second output

connections (T3, T4).



