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BQOST CONVERTER The present invention relates ‘to Boost CbnvergeyywﬂbQ:
power factor and harnonic correction circuit of Switching Power Supply. Z 7
FIG3 showing -a conventional boost-chopper type converter in paraIIeI
operation, which is for exanple disclosed in Japanese Patent Laid-open

No. 2- 269469, reference nunmeral 1 -designates A. C. power sour ce, whi | e
ref erence nuner al 2 designates a rectifier circuit in each converter

unit 3,3A which can full-wave rectify A-~&-i nput voltage fromsaid A C. power
source 1 in order to output D.C.input voltage Vin, thus D.C voltage source

4 can be constructed by said A C. and rectifier circuit 2. To
both output, termnals of said rec??pg& é@ﬁ?@gF%Rz I S connected- a series
circuit conprising inductance 6 and swi.tching elenent 7 (or MOSFET) across
resistor S for current detection, whereas to the both ternminals of
-said switching elenment 7 is connected a series circuit conprising diode 8.

and snoot hi ng capaci e ggr@;eﬂmlmetnrﬂeof-?pl}gﬁbicest@BmBQs%lsi Qfbrdvee LYt PES
side of said diode 8 are Turther connected ‘to Qutput termnals +V, -V

respectivel Ypower factor and harmonic correction circuit of Swu.chlng Power

. Supply.

In FIG.3 showing a conventional boost-chopper type
- conver-t_'er in parallei operation, which is for example disclosed
-!.n Japanes€ Patent Laid-open No.2-269463, reference nu_mgral 1
degigna;es | A.C.power source, while reference numeral 2
degignétgs a rectifier circuit in_ each converter unit 3,3A which
-can full-wave ;ect_ify A.C.input voltage from s.ait.i A.C.power
source 1 in ordc_ar to output D.C.input v&':;ltage _Vin,' thus
D.C.voltage source { can be constructed by said A.C.power source
1 and .réct'ifier circuit 2 |
-'1‘0 both 'oluLput. terminals of said rectifier circuit
2 is connected a series circuit conlxprisin'g. inductance 6 and
switching element 7 (or MOSFET) across resistor S5 for .current
de-tec-t_ion, whereas Lo' ‘the both terminals of said switching
element 7 is connected a série_s circuit comprising';alode 8 and
smoothing capacitor 9, of which the opposite Lermina.ls on the
out._.put. side. of said diode 8 are further connected to outputl
terminals +V, -V respectively.
. Then, on the basis of the difference between tLhe
current detection sign'als. detected by resistor S and the voltage

defection signals obtained by dividing D.C.output voltage Vout



Then, on the basis of the difference between the current detection signals
detected by resistor 5 and the voltage detection signals obtained by

di vidi ng D. C. output voltage Vout bet ween said output termnals +V and
-V, control circuit 10 can control the pul se conducting width for said
switching elenent 7, thus preset D.C. output voltage Vout can *be supplied
to Common | oad 11 across the output terninals +V, -V. In af oresai d

seri al swi t chi ng operation of th& switching element 7, D.C.input
vol tage Vibetwaen appldedutpoti neuctrance & durd ng/ .t wonitrgloriofulhelo can
switching element*7, so that inductor current IL flow ng through the

i nduct ance €°rerpl the PhEtgeorfBIdtdngdwbFLehbrgi ayld enditgpingnedgrgnt 7,

i nduct ance 6 Whereas, during turning-off of said switching el enent 7,

sai d energy'P %apgeaetl P -G-RELPPHAYOLLABE VEUY Lanjde yayrRil 1d, tQaFgmmon

snoot hi ng capaci on the ou | de. of, diQde 8, together with
D. C. i nput V‘P age cr Fomth&" ?’Eci‘ ?l%’?mcallrcu?’? 2§ w th inductor current

I L ranpi ng down, andxbxx NUggqPela it PULrYQL ! A0R \RHYnET 00BEb0EBnD: Gd NPUhe
voltage Vin can be obtained

switching elemenL 7, D.C.input voltage Vvin 1is applied to
inductance 6 during turning-on of the switching element 7, so
that inductor current IL flowing Lhtough.the inductance 6 ramps
up, being followed by charging- energy in séid inductance 6.
Whereas, during turningfoff. of said switching elemenﬂ 7, said
energy charged in the inductance 6 is delivered to said
smootﬂing capacitor 9 on the outputrside of diode 8, together '
with D.C.input voltage vin from the rectifier circuit 2, with
inductor current IL ramping_down, and thus, D.C.output voltage
_Vout higher than D.C.input voltage Vin'can be obtained.

At that time, the switching element f is on—off-
controlled by control circuit 10 so that said input current Iin
from rectifier circuit 2, having avérage value of said
inductance current IL; may take the full-wave fectified'Waveform
proportional to_D.c.inpuL'voltage Vin, whereby Lhe.equivélent to
pure resistance load for-sa;d A.C.power source 1 can be obtained
along with the improvement of power factor.

However, the -above conventinal art has a few proplems
described below . |

In parallel operation, because of .Lhe vdltage drop
difference caused between output terminals +V,-V of converter
units 3,3A and load 11, load currents Y1 and 12, flowing into
discrete coverter units '3,3A ;cro§s discrete output terminals

-V, are caused to be incoansistent with each other. Especlally in



At that time, the switching element 7 is on-off controlled by control
circuit 10 so that said input current Iin from rectifier circuit -2,
having average value of said inductance current IL, may take the

- full-wave rectified waveform proportional to D.C input voltage Vin, whereby
the equivalent to pure resistance |oad for said A C power source | can be
obt ai ned al ong with the inprovenent of pd®wer factor. However, the -above
conventinal art has a few problens described below In parallel operation,
because of the votéage B68pLdLieAREEshLaUSRd PRET VECHa Mt Podd BRI dPeRRl 51
+V, -V of converter units -3,3A and |load 11, load currents 11 and 12, flow ng
I nto di screaed Tavdlioars Whidadigh, IAeacedss idrseneselOu pudb beerrdndlgk- Yo
are caused to be inconsistent with each other. Especially in t he case of
boost convefP®ROBhbwH - PAYEr GOuraeadhon o dimprens idd. ankiis 2o¥4mits haHroggh
the rectifier circuit 2 to be fed back_to comon A C power source | on the
i nput si de, °f hifR2Dut ARV @ Tceubit edcdf cdifvelreriaRily 318AL| CF n&FCK&BFy

| ost or broken : :
. tlfhete,fore, stable control cannot be performed.

Accordingly, it is the main .objecl._ of the present
-invent_ion Lo provide a Boost Converter which can be stably
controlled without losing an output balance in parallel
oseration- |

In-a-céordance with a major feature of the present
invention, there is provided a structure for a BoosL'Com{erLer
'cbmgri-s ihg :

each coﬁverter unit comprising a series.circuit of at least
an ix_x.duct.a-nce and a switching element connected to D.C.
voltage souxce; each series circuit of at least a diode and a
smoo.t.liin'g c#pacli.tor -connect.ed ‘Lo both Lefminals of- said
s;\vit.chi.ng elemeni.: a'nd ..each control circuit for said switching -
element,
being so structured that electric energy can be charged within
said ind\.:ct.ance\during the turning-on of said switching element,
while said energy can be discharged for deli'veri..ng the same 0
the output side during turhing-off of the switching element;
current 't.ransformers for detection of ct'xrrent. connected in
series_ respéctively to said switching element and diode;
each c(l;:rent. detection circuit to cutput current d_et_éct.ion

signals by means of said detected current from.the transformers;
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therefore, stable control cannot be perforned. Accordingly, it is the main
obj ect of the present invention to provide a Boost Converter which can be
stably controlled wthout Ilosing an output balance in parallel
operation. In accordance with a major feature of the present invention,
there is provided a structure for a Boost Converter conprising: each
converter unit conprising a series circu4~of at |east an inductance and a
swi tching el enent connected to D.C. voltage source; each series circuit of

at - east a di odé af¥ 2% hoBehrRGe Céaputy t6PF EBRHERYEdY (R 1Yot fonducting

termnals qf ai wi tchiing_e] ement; apd each,control_ cir.cui or_said
swi t chi ng el ér‘r%ﬁ‘t , qﬁz‘i nagég' st Ut U sd fﬂ%‘?eneﬁ el ri'(%é:?a'lnsergﬁ}r cg‘%l%e T ed

wi thin saiddndaianee G g (NS et Ur DLOGrObOfconphtd 1 $¥h Gl ih & LTRIY
whil e said energy can be di scharged forg%glivefing the sane to the ouf%df
si de during deurdbigrdfd Of pALaBVéY BP1@tEbRMBPL comparamd §denafaar n&s ScdnQr
detection of current connected in serires respectively to said sw tching
el ement and dditede icsacignwlseiraietcde! icorrent cdetedtolaut@incudyr maithin one
det ection : : '

converter unit, with other external detection signals from the

other current detection circuit within the other converter unit.
\

Other obj?cts; features and advantages of the invention
will be appérent to thosé skilled in the art from the following
description of the prefgrted embodime&ts of the invention,
wherein reference is made to the ,accompanfing. drawings, of

which:

PIG.1 1is a circuit diagram showing an embodiment of a Boost
Converter of the present {nventlpn.

I-‘IG-ZU is a circuit diag-ram‘ shoting an amplifying circuit and
comparing qircuit of an embodiment of the present inveﬁtion-.
PIG.3 1is a circuit diagram of a prior Boost Converter in

barallel operation.

Hereinafter is explained an embodiment of the invention

with reference to FIGS.1 and 2.
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signal s by means of said detected current ‘fromthe transforners; -4- a
current balance circuit for control ling pul se conducting width- for said
swi tching el enent by means of said control circuit on the basis of a result
of conparison, which is able to be obtained In parallel operation by
conmparing Internal current detection sigiiaeds fromone current detection
citcuit within one converter unit, with other external detection signals
fromthe other current detection circuit within the other converter unit.

O her objects, features®afdCadvathaf®d o serededventioniini ¢f Beosppahereet o
those skilled,in the art fron1the followi ng description- of the preferred

embodi ments  ofFP%t K™V GVEH i &F, We rglrﬁs"r eF‘é‘Pﬂ:"e‘"ﬁ%‘ma‘é“‘f’iﬁ’"t‘h detection
accorrpanyl ng QKMMS’Z lof cwasqpl.s Flo((;' lt_\J' srf%llil Ergl qgr % r&%"“&qgcgprenl.

enbodi nent of a Boost Converter of the present I nvention.
circuit di agrapshHeydhd agz agp| i fadvedachbt %JveaodommslxagoQI wuuia&i 2109

enbodi nent of the present invention.

. current detect{on, connected in series Lo switching element 7,
.while current transformer 23 is connected in series to diode 8
as well. To .each dotted side of each current transformer 22,25
is connected each anode of diodes 24,25, of which _the caLhodes
are co@only grounded. | | |

| 'On.l_he other h'and, between the non-dotted sides of the
" transformers 22,23 and the cathodes of said diodes 24,25 i§
interposed resistor 26, of which the one terminal will output
current detection signals to ampkifying circuit 27. To the both
output terminals +V,~V is connected ouLpuL-voltage d_et_ecu.on
circuit 31 which 1; a series circuit comprising resist_dr 28,
varfable resistor 29, .and' reéist.-or 30; thus voltage detection
signals can be supplied to the it;vertipg. input terminal of
operational aﬁxplifier 32 from the connection point of said
resist.ofs 28 _aqd .'295
Said 'opei.‘at.ional amplifier 32 compares ‘the voltage
det_ect.i.on signals ffom said output voltage detection circuit 31
with the reference .voltage applied to t(he non-inverting input
u_arminal thererof, and then amplifies- Che difference
therebetween, of which the result of comparison allows' control
circuit 10 to contrxol the pulse conducting width for switching
element 7.
Whereas, each converter unit 3,3A is provided with
external current. balance terminal CTB respectively, which is

connected to each ‘other in parallel operation so that current



FIG3 is a circuit diagramof a prior Boost Converter in parallel
operation. Hereinafter is explained an enbodi ment of the invention with
reference to FIGS.1 and 2. -5- In FIG 1 showing a general circuit of
boost - chopper type converter of the present enbodinment, current
detection circuit 21 <consists of two tgansforners 22,23. Said current
transfornmer 22 is, instead of conventional resistor provided for current

det ecti on, QQQ@ngQq in to, smntchln t 7, while current
transformer 23 is connescf‘g'ﬁihles?l et ed% ges 38°fe1 £e55mEhcnSHior the

side of eackoaweieBlst.l Asd ObBBled?: Qa?ld' %&QQH@%Q%E@&M@PQQ& Of g 0de§
24,25, of which*the cathodes are comonly grounded. On the other ﬁ

bet ween t he anpdidotihegd &idestof 38hq 1t & anafenie:1233c83 andullbe QﬁtsQQdS-EdOf
sai d diodes 24,25 is.Interposed resistor 26, of which the one termnal-will
out put cur r deredapeeicon s ghwegppsecanplpégahi,glcmwuu 23f ®Wosrie bot hnd-

dfode 35. Further, to the gate of said FET 34 are supplied
conl_r'ol_ signals from.abpormal dperation detection circuit 36,
which can immedfately turn-off FET 34 in case of abnormal
operation of;com'lert.er units 3,3A.

With the structure thus far described, {internal cur'rem_
dgt_ect.ion signals from amplifying circuit 27 within internal
converters 3,3A. are compared with external current detection
signals supplied across said current balance terminal CTB from -
other external c;anverters 3,3A, thus the electric cu.rrent. can be
allowed to flow into the connection point of resistor 28 and
variable resistor 29 on the basis of the result of.such
cor;:périson- |

Hereinafter_ is explained the circuit structure of said
ampiifyi.ng_'éircuit- 27 and coﬁ’paring circuit 33 with reference to
PIG.Z_. |

The opérat_ional aﬁplifyihg circuit 27 comprises LLwo
operat.iona_l amplifiérs. Al,A2. the former oPeraLion§1 amplifigr
&1, to which Ls ‘applied current detection signals from current
detection circulit. o 21, co'nstru.cﬂs what is called
1nverting—amp1;‘1fying circ;lit. 41 which compfises a resistor RI
connected to inverting input terminal Lheregif-; a capacitor C1l
connected between the inverLing and non-inverting input
terminals thereof; a resistor R2 and éapacitor C2 connected
between invertiné input terminal and output terminal thereof .

Whereas, the latter operational amplifier A2 acts as a voltage



output ternminals +V,-V is connected output voltage detectlon circuit 31
which is a series circuit conprising resistor 28, variable resistor 29, and
resistor 30; thus voltage detection' signals can be supplied to the
inverting input- termnal of operational anplifier 32 fromthe connection
point of said resistors 28 and 29. Said operational anplifier 32 conpares
the voltage detection signals fromsaid output voltage detection circuit 31
with the reference voltage applied to the7non-inverting input terninal '
thererof, mndowelthen 1n arlichi €gapad & @hf f L ENEEnddtAIRDELOREBen Of 1o
whi ch the result of conparison allows control circuit 10 to control the

pul se condudinveguiingt lRddr nemt troddngnel ampnt  Terkies s Lheaddf .COMvilel efhe '
unit 3,3A is provided with external current. balance term nal CIB

respecti vel 3}"W|tén9| én@@hnéetreélwb fe%mnotene¢d | Yo peraal dudipugpéearionl .sco

t hat current det ecti on gnals can be plied from external of

t he convert &Pt Al bét“\)(ééﬁigal Frhhtieht °d'd"lr§ﬁbe dteéreﬁ\'“r’]‘éf’ Et8"ahy can be

supplied to comparing circuit 33 from the output terminal
thereof. | |
| On the other hand, the comparing circuit 33 éomprises:
a resistor R3 interposed in the output terminal line of said
operational amplifie; A2; a difference amplifying circuit 42
cémptis;ngf resistors R4 to R7 connected to both terminals of
said resistor R3, and an operaiionai amplifier A3; a feéistor Rﬁ
of which the one Lérminal is connected to ihe output terminal of
" ** said operational amplifier A3; an 6éerationa1 amplifier A4
interposed between the oLher terminal of said resistor RB8 and
the resistor R7. With the structure thus made, electric current
is allowed tao flow from the other terminal of xesistor R8 into
the connection point of resistor 28 and variable resistor 29 in
said ountput voltage detectioﬁ circuit 31 shown in FIG 1..
Incideﬁtally; each value of resistance of each
resistor R4 to R7.1s so breset as to be R4/RS = R6/R7, and Rq-»;
R3(i.e.k4 is much greaLer. than R3), Qhereby said difference
amplifying circuit 42 can obtain preset'gain.
) Hereinafter is described the oéeration of the present
structure. |
First, during Lurning-&n of switching element 7, D.C.
input voltage Vin is applied to induciance 6 and the primary
winding of current Lransforﬁer 22 so that electric energy may be
chérged within said inductance 6, while in current detection

- .circuit 21, detected current may be allowed to flow into



anplifying circuit 33 (i.e current balance circuit) described hereinafter,
is interposed a parallel circuit of MOSFeT 34 and di ode 35. Further, to the
gate of said FET 34 are supplied control signals from abnormal operation
detection circuit 36, which can imediately turn-off FET 34 in case of
abnormal operation of converter units 3,3A. ‘Wth the structure thus far
described, internal current detection signals fromanplifying circuit 27
within internal converters 3,3A are conpared with external current

det ecti on egA&Le*@8pplica@sacr 8589%aidf clwr ehbe baiHricget et HTHEAY CIB f thm
ot her external converters 3,3A thus the electri.c current can be allowed to

flowinto CHECESATECHIBTLSG RE bPe reeiEnyr L3 SHy "Afri%4bl e .resistor 29
on the. basis of tfie  [,gsul ty, Qhe UG GOTRALEE N o HRIEI ﬂi‘ﬁ%erelie%em.
of Sai g’ arrp"l FP% [ 57 d [

expl ai ned the circuit st ractar e ing circurt ahd conpari ng

circuit 33 th JRIAIEWGfddy hGrded THELLAPEHAL QRBbc AR I WisNGe1GhbTrit
27 conprises twO operational anplifiers Al, A2. The fornmer oper.ational

amplifier Ab, t8eWhsghei SofAPHrcAhGHgl eddpadetoet i 9N Fagrahg funHBul r €Re

det ecti on circuit 21, constructs what is call ed
primary winding of current transformer 23 and diode 8, tLogether
with D.C.input .volt.age Vin, thus D.C.output voltage Vout higher
than the D.C.input voltage Vin can be obtained.

At t.iu’.s time, current  detection’ circuit 21 pgrn;it.s
detected current to flow into fesistc_or 26 across diod.e 2S5 by
means‘of said induced 'volt.age ‘in .Lhe secondary winding of
current transformer 23. In othér words, in accordance with the
serial operation of switching element 7, average current. from
current transformers 22,23 4is output, as current detection
signals, from said current_'deLéct.'ion circuli't. 2l1 to amplifying
circuit 27, which inverting-amplifies the current detection
signals'from said current detection circuit._Zl up to R2/Rl
times, to be outp&t to comparing circuit 33 across the latter
o'peration.al amplifier Ai.'_ pacallel
In the event of nomaleperaLion of multiple converter

aunits 3,3A, ea’ch. converter unit 3,3A permits cu.rrent_ detection
‘signals obtained within converier units 3,31\ Lo be output to
comparing ciréuit 33 across ampl.ifying ci.rcuit_ 27. At this time,
as FET 34 is turned-on, ffom current balance terminal CTB s

applied other current detection signals obtained from other

converter units 3,3A to comparing circuit 33.



inverting-anplifying circuit 41 which conprises a resistor Rl connected to
i nverting input termnal thereof.; a capacitor Cl connected bet ween t he
i nverting and non-i nverting input termnals thereof; a resistor R2 and.
capacitor C2 connected between inverting input term nal and output term nal
t hereof - Whereas, the latter operational_ anplifier A2 acts as a voltage
-7- follower, in which capacitor. C391s connected between the

inverting and non-imver{blg Al §3MoRab R LAGTA e MUt 5NEILDYEELING
input termnal -is connected to the output termnal, so that the
i nverting-anphadi @da@uréeiterdie! €5t b@N Lhel Bier CAh A EHIPIAET 3RO 1a the

comparing circuit 33 from the output term nal thereof. On .t he ot her
‘hand, the corpaventeci nadit B3hsolgy | $88Jel I€s5d SEOEr&3L i Muer pasede 1 dcddie
output termnal |ine of said operational .anplifier A2, a difference
anplifying RO¥@Mi%al A¥1lcopr thengonnest Siror go Rk t of Rkesdsnecsed 3t 86botih 1
termnals of said resistor R3, and an operational anplifier A3; a resistor
RS become higher than the electric potential V2 at the connection
pofnt of resistors R3,R4, whereas in the converter unit 3a
having smaller load current iz, said electric potential V2 will
reversely become higher tham V1. At this time, if the electric
potential at the output terminal of operational amplifier A3
designates V3, and the ~electric potential at the connection
point -of resistor 28 and variable resistor 29 designatles V4

respectively, an equation as follows is obtained by difference

amplifying c¢ircuit 42:

RS
V3 = V4 ¢« — X (V1~V2)

‘R4

Therefore, in the converter unit 3, eiectrié potential V3

at the output terminal of‘operau'.onal amplifier A3 will rise,
which will cause electric current to flow from comparing circuit
33 into variable resistor 29 and resistor 30 in order to lowe-r
the volt..age level of voltage detection signals supplied to
.operational amplifier 32. That is, in this éése, control circuit
10 can r;arrow the pulse conduéting width for switching element
7, so that D.C.output voltage Vout ‘supplied to load 11 will
"become low. |

On the oLﬁer hand, in the convert_er- unit 3A, electric

.potential V3 at the output terminal of operational amplifier A3



of which the one termnal i's connected to the output termnal of said.
dperational anplifier A3, an operational ~anplifier A4 interposed

bet ween the other term nal of said resistor R8 and the resistor R7. Wth
the structure thus nade, electric.current is allowed to flow fromthe other
termnal of resistor R8 into the connection point of resistor 28 and
variable resistor 29 in said output volti@ge detection circuit 31 shown in
FIG 1.. Incrd q{hg, each value of resistance of each resistor R4
to R7 i's so'f CUG o 1BBCRAMRE" = IREARYC BARRA2L YB(PLelRE (SORGERLON
greater t ha ereb said difference anplify ircuit 42 can obtain
preset gai nrboﬁ'%er Taf tso'de%(gr?%i dafﬁ%blo rczitlrsbﬂc‘lof t'hecoﬁrséagenf' tly. no
structure. Rjfedicdi | @%&%3 NN PlosVbEN! RELBLETRYL derdb o 1330UL,,
voltage Vin is applied to inductance 6 and the pr mary “wi ndi ng of current
transformer v (a@e Nede &EELI | £1 £NRLIY 1 MBY O (MR, 960h WL hDENc88kd control

i nductance 6, while in current detection - circuit 21, detected current may

be al |l owed td3rdch@W | 10O widens the pulse conducting width for switching
element 7 so that D.C.output Qrolt.age Vout wlill become high. with
the structure thus made, D.C.output voltage vout from each
converter unit__.3,-3A can be equalized so tHat load current I1 and
I2 will be kept equal Lo each other.

Incidentally, in case of causing some abnormal
operatioin of one coaverter unit 3 durixrg. parallel r)peration,
the supply of control signals from abnormal opefation detection
circuit 36 'will be stopped, thus FET 34 can be immediately
. tufnéd-off to interrupt the supply of current detection signals
from external. | | |

As hereinabove described, Boost -Cpnvertér de_fined in
Lhé above-mentioned embodiments, can realize well—balar;ced load
qurrént_s Il,I:Z in each co:nvert_er unit 3,l3A, 1:_1. other words,
stable cont.r;ol can be possiblé by keeping the output l->a.1ance
equal. '

Further, as .the preferred embodiments employ a pair of
current Lr.ansformers 22,23 for current detection instead of
resistor S in the prior art, power loss within converter units
3,.3a 'c-an_ be igﬁo:;ed. Moreover, ‘lLhe eqgualizaiton of outpul
balane‘e of converter units 3,32 can be .most. gasily and
it_:expenstvely attained.

Incident_all'y,, the present invention should not be
limited to the aforement_i.oned emebodiments, it can be modified

within a .scope of the {invention. For example, the switching



resistor26 across diode 24 by the voltage induced in the secondary
vt ndi ng of the current transfornmer 22. Secondly, during the turnig-off of
switching elenment 7, electric energy charged within said inductance 6 is
delivered to the side of snoothing capacitor 9, passing through the primary
wi ndi ng of current transformer 23 and di odg38, together with D.C. input
voltage Vin, thus D.C output voltage Vout higher than the D.C input

vol tage Vin caelemepitisasRetdl1dAhott BéSlihited toCuhe MOSFET elifscliosed,l bukt

21 ermts detecte yrrent to flow into resistor 26.ac diode 25 b
rreang of said Siwr’rgtfg‘é&‘g &(ﬂat"f‘g‘e“ql?‘n nay, be f@@é‘r%(g%y lﬁgmi:%glaﬁg of cur r)ént
transfornmer 23. In other words, in accordance with the serial operation of
-switching elenent 7, average current fromcurrent transfornmers 22,23 is
output, as current detection signals, fromsaid current detection circuit
21 to- anplifying circuit 27, which inverting-anplifies the current
detection signals from said current detection circuit 21 up to
R2/R1 times, to be output to conparing circuit 33 across the-latter
operational anplifier A2: In the event of normal operation of nultiple
converter A



unjts 3,3A, each converter unit 3,3A pernmits current detectian signals

obt ai ned wi.thin converter units 3,3A to be output to conparing circuit 33
across anplifying circuit 27. At this time, as FET 34 is turned-on, from
current bal ancgpm ] II m applied other current detection signals
obt ai ned from Emﬂmmm u lmn.i ts 3,3A to_cegparing circuit 33. | f

| oad current |1*offonte donverter unit 3 flows 'greater than |oad current.
|2 of the other converter unit 3A, In the converter unit 3 having |arger

| oad current II, the electric potential V1 at the connection point of
resistors R3, R6 will becone higher than thevLgkrstric potential- V2 at the
connection point of resistors R3,R4, whereas in the converter unit-
3A having smaller load current r2, said electric potential V2 wll

reversely beconme higher than VI. At this time, if the electric potential at
the output ferfi nBPOBY SRR LERaIN2YAPTi B cTeARSHeS TfitktesOof VAL lgdgt tare

electric poteptial at he connectio oi nt - esistor 28 and vari able
resi stor ZQEH‘g%?‘g?l'é‘f%sa'Vil ? U ‘Vglfr]/}é)’fﬁ'q"eﬁggf%oﬁo%r ViF%ows is obtai ned

by d'fferenceeaCh converter unit so structured that electric energy can be

charged within said inductance .during the turxning-on of said
swilching element, ‘thle said enexgy can be discharged for
delivering the same to the output side during Lurﬁing—off of the
switching élement;

each current detection circuit for detecting the electfic
current flowing through said switching élement and thé.output
side of each converter unit in order to outpiut current detection
signals;

each current baLance.circuit'for'cdntrolling said switching
element in order that output voltage from each converter will be
“equalized in parallel opération on the b;sis-df a result of
comparisén.'which is able to be obtained by comparing current
detection signals from one current detection circuit within one
converter unit with other detection Signals from other current

detection circuit within other converter unit.

2. A boost converter according to claim 1, which is further
"provied with an abnormal operation detection circuit for
interxupting the supply of current deteg¢tion signals from

external in case of abnormal operation of .said converter units.



anplifying circuit 42 R5 V3 = V4 + -- X (M-V2) R4 Therefore, in the

mnuﬂ' potential V3 at the output term nal of
“m”ﬂﬂg”ml r| se, which will cause electric current to
f1 ow from congaritng®ci scus t. into variable resistor 29 and resistor 30
| ower the voltage Ievel of voltage detection signals supplied to

‘converter
oper at i ondl

order to

operational anplifier 32. That is, in this case, control circuit 10 can

narr ow t helpulasebeoBeucdd dige MieGt had‘chzdSNthl RFaCheNENtweresSO sipat .
D. C. out put voltage Vout supplied ‘to load 11 will beconme low. On the “other

hand, in
terninm

t benvenuert eniluncongdised;ectric potential V3 at the out put
of operational anmplifier A3  -10- will becone | ower than

in

el ectric pot ent isgcigs a?lt‘h'eilcoﬁﬁeeti beagfoi m bidyiginarad angwwachad) e

resi stor

29, consequently,
element connected Lo D.C.voltage source;

‘'a series cilrcuit of at Jleast a diode and a smoothing
capacitor connected to both terminals of said switching element;

a control circuit for said switching element.

4. A boost converter according to claim 3, wherein said current
detection circuit comprises current transformers connected in
series respectively to said switching ele;nent and diode, 'being
so st.;uct.ured that c_:ur:;ent. detection signals can be output 'by

means of detected current from said current transformers.

5. A boost converter which compfises;
each converter unit compris.ingja series circuit of at least an
inductance and a switching element connected Lo .D-C.volt_ag'e
source, 'a series circuit of at least a diode and 'a smoothing
capaéi't_or connec_(ed t_‘o both terminals of said switciﬁﬁg element,
and a control circuit for said s.vit__ching element, being so
structured thit electric len;;:_g'y can be charged ‘within said
.induct.ance during the turning-on of said switching element,
while said energy can be discharged folr delivering the same Lo
the output side du-ring turning-off of the switching element;
current t_ransf.ormers for current det‘_ect:'ion connectgd in
series respec’t.i.vely to said switching element and diode;
each current detection circuit to oﬁtpﬁt current detection
signals by means of said detected current fr0m the Lransformers.

each curremt balance circuit ' for controlling P“lse



electrtlc WI|| flow from corrparlng circuit 33 Into voltage
detecti on ﬂ ﬂ mn,ef- ore, in this case, Control circuit 10
wi dens | ng width for Switching elenent 7 so that

D. C. out put voltage Vout Wi ll become high. Wth the structure thus made,

D. C. out put voltage Vout from each converter unit 3,3A can be equalized so
that load current Il and 12 will be keptl%qual - to each other. Incidentally,
in case of causi ng sone  abnormal operatioin of one converter unit
3 during ‘b%?%‘F‘F'e’r"?)peFéf’f-bn ftohe §G|é1§| ysaite'b#ﬂqr ol ekement s 7 onPaphbretal

oper ation det ec‘t_lon circuit thus FET, 34_ can be

i mredi at el P U7 nedf ot ¥ 'Teoa'isnt°(§r rsﬁ}ﬁfl ‘E‘?‘fb“?dpﬁligg‘b{"'c?ﬂ reif PASEECPfod signals -
f. t d bed, t f t
[ om ext er pglyy (Sopeg %?)FPVG SRUChDSL JE00N o B edS bpedod arq.? -

above-nenti oned enbodi can’ reallze nced load currents

in each coaverd®l dbidctIod s tigha®tNeloUndS custdl Ca LU @n €8PcPE POSSI bl e
by keeping the output bal ance equal. Further, as the preferred enbodi nents

enpl oy a paithpi mwsrwﬁvdﬂmshaumﬁﬁztﬁarfoammrcentsmberaeetfedsnldts{e&ad

of reS|stor Sinthe prior art, power |loss within converter units
: current detection circuit_ within other converter unit.

6. A boost converter according to claim- 5, which is further
provied with ah abnormal operation detection clrcuit for
interrupting the supply of current detection signals from °

external im case of abnormal operation of said converter units.



3, 3A can be i gnored. Moreover, the equalizaiton of output bal ance of
converter wunits 3,3A can be nobst easily and inexpensively. attained.
I ncidentally, the present invention should not be linmted to the
af orenenti oned enebodi nents, it can be nodified within a scope of the
i nvention. For exanple, the sw tching el ements should not be limted to
t he MOSFET di scl osed, but a sw tching t ransi str- may be enpl oyed instead.
1. A boost converter having a series BDDSH CONVERTEReast an inductance and
a switching el enent, which conprises; each converter unit so structured
that electric energy can be charged within said inductance during the
turni ng-on of said switching elenent, \ABIRRAGIid energy can be :
di scharged for delivering the same to the output side during turning-off
of the switching el enent; : ] ' ]
-5 . A boost converter, which allows stable control without
breaking or losing the output balance of each converter
&nit.(3,3A) in parallel, has current Eransformers.(22,23)
which are connected in series respectively to a switching
element (7) and a diode (8). The current transformers
10 (22,23) detect current and allow current detection signals
to be output from current detection circuits. The current
detection signals obtained from one converter unit (3) are
compared with the current detection signals obtained from
another parallel converter unit (3A) by a comparing circuit
15 (33). The DC output voltage.vgn of each converter unit can

be controlled to be equal to each other.

Figuré 1



each current detection circuit for detecting the electric current flow ng

t hrough said switching el enent and the output side of each converter unit-:
in order to output-current detection signals; each current bal ance circuit
for controlling said switching elenent in order that output voltage from
each converter will be equalized in parallel operation on the basis of a
result of conparison, which is able to be obtained by conparing current

det ection si-gnals. fromone current det ect4dn circuit within one converter
unit with other detection signals fromother current detection circuit

wi thin other converter unit.__2. A boost converter according to claim1,
which is further provied WJWiLp an abnormal operatien detection circuit

for interrupting «hfas]—_—-s-u-p{‘lg of _current detectione signals from
external in case’ bnor nglpper atdq of sz d converter units. . - 13 -

3. A boost converder| accordithg totéqein1 14~ wherei n osai d each converter
unit conprises; ‘-2\ - = ’_>, (&) g{ :
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a series circuit of at |east an inductance and a Switchi ng el ement
connected to D.C voltage source; a series circuit of at Teast a-
diode and a snoothing.capacitor connected to both termnals of said
swtching elenment; a control circuit for said switching el enent. 4. A boost
converter according to claim3, wherein said current detection circuit
conprises current transformers connected in series respectively to said
switching el emrent and di ode, being so structured that current detection
signals can be output by neans of detected current fromsaid current -
transforners. S. A boost converter mhic*?é%nprises; each converter unit
conprising a series circuit. of at-least an inductance and a swtching

el ement connected to DC. voltage.source, a series circuit of at |east a
di ode and a snoot hing capacitor connected to both terminals of said

switcinng el enent, and—a—contfol—circui-tfor said suit- nt, 'being
so structured that e)ectric jenergy can be chlargqd aid
| nduct ance during the| turningjon of said smitchth | enent e said
energy can be discharged for ¢elivering the sane he out plit $i de«during
turni ng-off of the swtching ¢l enment; current {yansfiormers fer ¢urrent
. detection connected in o < U '
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series respectively to said switching el enment and di ode; each current
detection circuit to output current detection signals by neans of said
detected current fromthe transforners; each current balance circuit
for controlling pul se - 14 - conducting wdth for said swtching
element in parallel operation by nmeans of said control circuit on the
basis of a result of -conparison, which is able to be obtained by conparing
current detection signals.fromone current detection circuit within one
converter unit with other detection sigh%!% fromother current detection
circuit within other converter unit. 6. A boost converter according to
claim5, which is further provigdywith an abnormal operation detection

circuirt for interrupting the ﬁhpply of current detection signals

fromexternal in case of fbnornpB operatipn of said converter units.
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