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BOOST CONVERTER

The present invention relates to Boost Converter for

power factor and harmonic correction circuit of S.wil.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
degignates | 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
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between said 6utpuL terminals +V and -V, control circult 10 can
. . .

control the pulse conducting width for said switching element 7,

thus preset D.C.output voltage Voul can sbe supplied to common

~load 11 across the output terminals +V, -V.

In aforesaid ’serial ~swiLching ) operation of ‘the
switching elément 7, D.C.input voltagé vin 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
smoothing 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 7 |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 ;cross discrete output terminals

-V, are caused to be incoansistent with each other. Especlally in
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the case .of boost converter shown (n PIG.3, each load Current I1
and I2 flows through the rectifier circuit 2 to be fed back to
common A.C.power source ! on the {fnput side, tLhus output balance
of each converter unit 3,3A Is {nevitably ‘lost or broken,

therefore, stable control cannot be performed.

Accordingly, it is the main objecl._ of the present

invention to provide a Boost Converter which can be stably

controlled without losing an output balance in parallel
operation.
In-accordance with a major feature of the present

invention, there is provided a structure for a BoosL'Com{erLer

‘compris ihg :

each coﬁverte.r unit comprising a series.circuit of at least
an ix_x.duct.a-nce and a switching element connected to D.C.
voltage source; each series circuit of at least a diodg 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(:;:rent. detection circuit to cutput current d_et_éct_ion

signals by means of said detected current from.the transformers;
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a current balance circuiﬁ.for contfolling pulse conducting
width- for sald switching element by means of said control
circuit on the basis of a result of comparison, which is able (o
be obtainedzin parallel operation by comparing 1pLerna1 current
detection signals from one current detection circu;t within Oné
dgnverter~un1t, with other external detection sigpals 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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In FIG.1 showing a general circuit of boost-chopper
type converter of the present embodlment_,- curcent detection
circuit '21 consists of (wo transformers 22,23. Said current
transformer 22 is, tnstead of corIWenLional resistor provided for

current detect{on, connected in series Lo switching element 7,

while current transformer 23 is connecled in series to diode 8

as well. To each dotted side of each current . transformer 22,23

is connected each anode of diodes 24,25, of which Lthe cathodes

are commonly grounded.

On the other hand, between the non-dotted sides of the

" transformers 22,23 and the cathodes of said diodes 24,25 is

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 .and 29.

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 control 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
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detection signals 'can be applied from external of the
COnV?rLers. And between said curreat balance Lermiﬁal CTB and
amplifying circuit 33 (f{.e.current balance circuit) desc.rlbed
hereinaft_é-r, is interposed a parallel ci{rcuit of MOSFET 34 a;\d-
dfode 35. Further, to the gate of said FET 34 are supplied
control signals from . abnormal operation detectfon circuft 36,
which can immediately turn-off FET 34 in case of abnormal
operation of;com'lert.er units 3,3A.

With the structure thus far described, {internal cur'rent_
detection 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
ampiifying.'éircuit- 27 and coﬁparing circuit 33 with reference to
PIG.Z_.

The opérat_ional aﬁplifyihg circuit 27 comprises LLwo

operational amplifiers Al,A2. The former operational amplifier

Al, to which is applied current detection signals from current

detection circuit 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 Cl
connected between the inverLing and non-inverting input
terminals thereof; a resistor R2 and éapacitor C2 connected

between inverting input terminal and output terminal thereof.

Whereas, the latter operational amplifier A2 acts as a voltage
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follower, in which capacitor. C3 1is connected belween the
inverting and non-inverting input terminals thereof, while Lhe'
inverting input terminal is connected to the output terminal, so
thﬁt the inverting-amplified current deLecL;on signals can be
supplied to comparing circuit 33 from the output terminal
thereof. | |
. On the other hand, the comparing circuit 33 ﬁomprises:

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
éf which the one Lérminal is connected to ihe output terminal of
said operational amplifier A3; an 6éerationa1 amplifier A4
interposed between the other terminal of said resistor R8 and
the resistor R7. With the #Lructﬁre thus made;-electric current
is ailowed to flow frdm.the othef Lefminal'of resistor R8 into
the connection point of resistor 58 and variable resistor 29 in
said ountput voltage detectioﬁ circuit 31 shown in FIG 1.

Incidentally, each value of resistance of each

resistor R4 to R7 is so breset as to be R4/RS = R6/R7, and R4 2>

R3(i.e.k4 is much greater than R3), Qhereby said difference
amplifying circuit 42 can obtain preset gain.

Hereinafter is described the operation oflthe 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

charged within said inductance 6, while in current detection

into
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resistor26 across diode 24 by the voltage_induted '.1n the
secondary wlndinij of Lhe current transformer 22.

Secondly, durihg the turnig-off of switching element
7, electric energy charged. within said inductance 6 is delivered
to the side of smoothing t.:apacit_or_ 9, éassing Lhrox.xgh the
primary winding of current transformer 23 and’ dlod;a 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 {is output, as curr_ent.. 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
operational amplifier Ai.'_

Fc.rallc.(

In the event of nomaleperaLion of multiple converter

units 3,3A, each converter unit 3,3A permits current detection

‘signals obtained within convertéer units 3,3A to be output to

comparing circuit 33 across amplifying circuit 27. At this time,
as FET 34 is turned-on, ffom current balance terminal CTB .is
applied other current detection signals obtained from other

converter units 3,3A to comparing circuit 33.
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If load current X1 of one converter QniL 3 flows ‘great_l'er

than load current. I'2 of the other éonvertef. unit 3A, in the
converter unit 3 havlhq larger load current .Il, Lh(lz electric
potential V1 at Lhe_connectio;'polnt of resi"st_ors R3,R6 will}
become highér than the electric potential V2 at the connection
péfnt of resistors R3,R4, w'l;eréas in the converter unit 3a
having smaller. load current £2, said elect;ric potential V2 will
reversely become hjigher than V1. at t_.his time, if‘ the electric
potential at the output terminal of operat.ion'al amplifier A3
designates V3, .‘and the - electric pot_.ent_ial at the coﬁnectiOn
pqint. -0f resistor 28 and variable rési.st.or 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 operational amplifier A3 will rise,
which will cause electric current to flow from comparing circuit
33 into vafiable resistor 29 and resistor 30 in order to lowe-r

the voltage level of voltage detection signals supplied to

operational amplifier 32. That is, in this case, control circuit

10 can narrow the pulse conduéting width for switching element

7., so that D.C.output voltage Vout supplied to load 11 will

"become low.

On the other hand, in the converter unit 3A, electric

.potential V3 at the output terminal of operational amplifier A3
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w{ll become lower than electric potentifal V4 at the connection
point of resist_-or 26 and varfable resi{stor 29, consequently, npo
.elechL.{c current u-il-l flow from comparing circuil 33 {(nto
voltage detection c;rcuu. 3i1. Therefore, in this case, control
circuit 10 widens the pulsc;_ 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 converter unit 3 durin.g. parallel 6perat.10n,
t_hé 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 <Converter 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 contrxol can be possiblé by keeping the output balance
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
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elements should not be limited to the MOSFET disclosed, but
a switching transistor may be employed instead.
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CLAIMS

-l._ A boost converter having-'a .serles ciréuit' of at least an
inductancg and a sw;tchinq element, which comprises;

each converter unit so structured that electric energy can be
charged within said inductance .during the Lurning—on. of said
switching 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
“eqﬁalized 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
interrxupting the supply of current detegtion signals from

external in case of abnormal operation of .said converter units.
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3. A boost converter according to claim 1, wherein safd each
converter unit co'mpt;ises.; |
| a series circuit of at least an lnducl_a;:cc and a switching
élement_ connected Lo D.C.voltage source;

‘a series circuit of at least a diode and a smoothing
capacitor connected to both terminals of said swltchlnq. 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 element and diode, being

so structured that current 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 frbm the transformers;

each current balance circuit’ for controlling pulse
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conducting width .fon said switching element in paralle]
operation by means of said clont.rol circuit on the basis of a
result of cémparison, whiéh is able to be obtained ' by comparing
current detection .sighals from one curr;ant. detection circuit
within one converter unit w:iui other detection signals from ot_-her

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.



