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Background of the Invention
1. Field of the Invention
[0002]

The present invention relates to a control circuit

15 apparatus and, in particular, it relates to a control circuit
apparatus which enables to reduce power consumption by
improving a conversion efficiency in its voltage converter
using a thin £film cheoke coil.

2. Description of Related Art

20 [0003]

Lowpower consumption is advancing inelectronic control
apparatuses typically of a digital still camera, a digital
video camera and the like.

[00041]

25 As to this Tow power consumpticn in the electronics
apparatuses, for example, such an arrangement is proposed in
which a circuit system for a constant voltage operable by
controlling the operation of a secondary active clamp circuit
is directly driven by an analog PWM (Pulse Width Modulation)

30 control circuit inorder toreduce an input power toits voltage

control circult system, to improve a power conversion




2 SO5P0052 efficiency as well as to achieve a | ow power consunption (for
exanpl e, Patent Docunent 1: Japanese Patent Application Publication No.
2002-027744. 5 Summary of the Invention [0005] According to this

t echnol ogy, however, because its circyitry becones inevitaghsPoos2

| arge-scal ed, there is a problem that a conpact and a |ight-weight design
becones difficult. 10 [0006] Cenerally, in an electronic control
apparatus, an output voltage supplied froma power supply is once
converted to a predeterm ned voltage, and_ it is supplied to a Ioad si de
wherein toeddieyepay arareblssproés: %Pﬁ@ HBWRAMET PRSIt af T9F deo 15

camera, HDD E}idLegl %%tgﬁtv%))cum@({) ﬁd' %'a&a@the\.égr %@ttbhg @'pﬁ(ﬂ_cagi&r\(e unit or

the like, flfacttation in its output load current is extrenely |arge, and
power consurmegbliinathen|®ad Hidke-G2§74d0t constant. Therefore, in the stage
of design, its voltage converter circuit is designed in consideration of a
maxi mum 20 | oad. For this reason, in the case of a maxi mum | oad appli ed,

its voltgge conversion effi guehayybetomms Mmivg@sibn however, in the case
where its load is not maxinmum its conversion efficiency will drop. It is
general ly ndi®dsloften that an operation under the maxi mumload is

performed. As a rgstliaige {HeE8id Sc@oARIEM Ak ve@W BRWELsEO0RSYNPLi ON
cannot be achieved in such instances. [0007] The present invention is

cont enpl at eebuntuaamsimcaﬁsmme‘cftabﬂ@ Hm@@ﬁﬂﬁéﬂé@%ﬁrmw&héé@ and, in
Daretss A SRR R PR 1

10 [0006]

Generally, inanelectronic control apparatus, anoutput

voltage supplied from a power supply is once converted to a

predeterminedvoltage, anditis suppliedtoaloadsidewherein

to carry out various processing. However, in a digital video

15 camera, HDD (hard disc drive), DVD (digital versatile disc)

| drive unit or the like, fluctuation in its output load current

is extremely large, and power consumed in the load side is

not constant. Therefore, in the stage of design, its voltage

converter circuit is designed in consideration of a maximum

20 load. For this reason, in the case of d maximum load applied,

| its voltage conversion efficiency bééémes highest, however,

in the case where its load is not maximum, its conversion

efficiency will drop. It is generally not so often that an

operation under the maximum load is performed. As a result,

25 thereisaproblemthat lowpower consumption cannot be achieved

in such instances.

[0007]

The present invention is contemplated in consideration

of the aforementioned circumstances, and, in particular, to

30 achieve lowpower consumption in the control circuit apparatus

by providing a constant current circuit between its voltage




3 S05P0052 converter and its load so as to be able to inprove a voltage
conversion efficiency therein. [0008] A control circuit apparatus of the
present invention 5 is characteri zed by including: a first voltage
converter which uses a thin filmchokegcoil for converting gosmpsage of
power to be supplied to a load in a subsequent stage, froma first

voltage to a second voltage; and a constant current circuit for

mai ntai ning a current val ue of power supplied at the second 10 voltage from
the vol tage converter at a predeterm ned current'  value, irrespective of
power consufPEVeRTER attkilsatPad FEORI|TTRE AP &EomtfBECYart KRt 4%l udi ng: a
cal cul ation gi I f 3 i current val ue of power consuned in

t he | oad; 1@;{5{%“?% a‘?lg?l(r:l% aty?teth%,ge%ﬂfch is chargeable with a portion of
t he power suyppbséd fromthe first voltage converter or which supplies
power to the | oad; wherein i.f the current val.ug of ower .con ion

cal cul ated by t he™caPEdi%h ichﬁcEf‘?c%?Lfaﬁas%ussﬁgl g %egsr?na 6?38%?2?%1 ned
current yal yg, cidyeraerStaBbZhhEuidient: £E1est tobbkes cobhieechar ghighbattery
to charge a portion of the current, of power corresponding to a difference
bet ween t haisgeeddthéint kil cbakeeitl v APHES MG TERBIRFPEREIT A UBCBFT power
consunpti on ¢, ad i, 1tiey eUrd Rk avah U s0bsDQUEH: GRRSMNPEEGN o ¢aksul ated by
t he cal cul ation ci rcpwt Is greater than the 25 predeterm ned current val ue,
t he const antvaduagento i seghd nekesga-heng mcginegabat ewrsento cdupplty power

di to . a diff bet t red ' I d
The. obrr entPFdltd o1 OAe CROFSOMEET 8RO oG] HH0 PG | Gu6 °GBeer  bed

above may berqirRgedetbrasha vereand converter at a predetermined current

{ralue, irrespective of power consumption in the load.
[0009]
The abovemaybe further including: acalculationcircuit
for calculating a current value of power consumed in the load;
15 and a charging battery, which is chargeable with a portion
of the power supplied from the first voltage converter or which
supplies power to the load; wherein if the currént value of
power consumption calculated by the calculation circuit is
smaller than a predetermined current value, the constant
20 current circuit makes the charging battery to charge a portion
of the current of power corresponding to a difference between
the predetermined current value and the current value of power
consumption ; and if the current value of power consumption
calculated by the calculation circuit is greater than the
25 predetermined current value, the constant current circuit
makes the charging battery to supply power corresponding to
a difference between the predetermined current value and the
current value of power consumption.
[0010]
30 The load described above may be provided as a second

voltage converter for converting a voltage of power supplied’




vol tage converter for converting a voltage of power supplied SO5PO062 from
the constant current circuit fromthe second voltage to a third voltage.
[0012] A power supply circuit control method of the present 5 invention
including the steps of: converting a vgltage of power to begpsppbeed to a
| oad in a subsequent stage, froma first voltage to a second voltage by a
first voltage converter with the use of thin filmchoke coil; and

mai ntai ning a current value of power supplied at the second voltage from
the voltage 10 converter at a predetermi ned current val ue by using a
constant - curoentheicongitent | FueepécEi vl tt fHeRet T SRSARPYVTEIT the | oad.

[ 0012] The %b%%ﬁrﬁa¥09§a yrther including the steps of: calculating a
current val ue of power consuned in the load by 15 a calculating circuit;

chargi ng a dmargiing battery with a portion of power supplied fromthe

first voltage converter or supplying power to_t .o fromthe charging
battery; wherei n®iPotHe THP gnglgﬁT ‘%*56%§EPEE§%%d%§€¥§h958F8ﬂfated by
t he cal cyl atiiRRn&libeUidc1u8 i BgRhkert SdRasT :acqirdeiieiyd nett 24k 6fipbeat val ue,
the constant current circuit makes the charging battery to charge power
correspondi i b6 surR¥ied Eace Isetweer? SthEcgredktErened @ éatStal ue and

the current yalugc0fo BOUBLon  9BSLIRL k0N @98l foldi ubhedicyalugnol power

consunption calculated by the calCulation circuit s greater than the 25
pr edet er m nethecuseent vialnuegiltthehobastaht; cumdr epintaieing a wakesnthe

char g 19 bt &1y L0 RUREL RIVET, SOLAERANNG, Qb LELNge et veen (e

[0013] 10 converterata predetermined current value by using a constant

current circuit, irrespective of power consumptioninthe load.
[0012]

The above may be further including the steps of:

calculating a current value of power consumed in the load by

15 a calculating circuit; charging a charging battery with a

portion of power supplied from the first voltage converter

or supplying power to the load from the charging battery;

wherein if the current value of power consumption calculated

by the calculation circuit is smaller than a predetermined

20 current value, the constant current circuit makes the charging

battery to charge power corresponding to a difference between

the predétermined current value and the current value of power

" consumption; and if the current value of power consumption

calculated by the calculation circuit is greater than the

25 predetermined current value, the constant current circuit

makes the charging battery to supply power corresponding to

a difference between the predetermined current value and the

current value of power consumption.

{00131

30 The apparatus according to the present invention can

be used in a state at a higher level of voltage conversion




30 The apparatus according to the present invention can be used in a state
at a higher |level of .voltage conversion 5 SO5PO062 efficiency, as a result,
enabling to reduce power consunption therein. Brief Description of the
Drawings 5 [0014] FIG 1 is a block diggram explaining an ekgsigogni c
control circuit according to an enbodi nent of the present invention;, FIG
2 i's a block diagramexplaining a control 1C and a DC/DC converter of FIG
1; 10 FIG 3 is a graph explaining conversion efficiencies of the DC/ DC
converter of FIG 1, FIG 4 is a block diagram expl ai ning a constant
current ci efditieficFl & dresmbt FEGDPEING T TeBIEHRPYSSRBAPHEP 1 ¥ps of
processing i 15 a constant current control. Description of the

Enbodi nent(§§]]efﬁb&5] An enbodi nent of the present invention will be
described 20 in the follow ng. An exenplary correspondence between the
invention as claimed in_ this specificati og %d its .enbodi nent of the

present invention wi || Pelek DEREIRE1O%NP SHIPEET is to verify that

the embogi mgRiy1Whi ch supports the invention clainmed in this specification
is duly stated in this 25 specification. Therefore, even if there arises
any other enbodi Feft 1abtehdrgh ditsiceRmesried pRasned cCRECP AT ERTFBAL cl ai med

w thin the scope.of_the pres [ ' i L Ghibads cgxplicitly
in.the enboézllnrgsrllltl%o?c% red(?Lfgl e?%’tn %&%ﬁrﬁjﬁ%rﬂe}% f]?tss oul d belanderstood
that it does not me@n 2 Hat aadyock di agdasndsqui ateniingdeesomiotolc dCr espond to

the present invention.
a DC/DC converter of FIG. 1;
10 FIG. 3 is a graph explaining conversion efficiencies
of the DC/DC converter of FIG. 1;
FIG. 4 is a block diagram explaining a constant cuxrxent
circuit of FIG. 1; and

FIG. 5 is a flowchart showing steps of processing in

15 a constant current control.

Description of the Embodiment(s)

[0015]
An embodiment of the present invention will be described
20 in the following. An exemplary correspondence between the
invention as claimed in this specification and its embodiment
of the present inventionwill be as follows. Thisdescription
is to verify that the embodiment which supports the invention
claimed in this specification is duly stated in this
25 specification. Therefore, even if there arises any other
embodiment although which corresponds to the invention claimed
within the scope of the present invention but is not described
explicitly in the embodiment of the present invention here,
it should be understood that it does not mean that any such
30 embodiment does not correspond to the present invention.

Conversely, even if an exemplary embodiment is described here




Conversely, even if an exenplary enbodi ment is described here 6 SO5P0052 as
corresponding to the invention, this does not nmean that the enbodi nment '
t her eof does not correspond to any other invention other than this. [00161
5 Further, this description is not nmeagt to include the whghfpgspects and
the scope of the invention duly claimable in this specification. In other
words, although this description concerns with the invention described in
this specification, but it does not preclude the existence of any 10 other
i nventions which are not clainmed in this application, but may arise in the
future as aagi vbsresmindiaendnehe, iwrentddai t Ebhal degpincdareansthdvol7] A

control circuit a ratu cording to a t e . ment of
t he present T vgﬁgggﬁm?gécﬁg?ﬁ%?%rg%%% §§ti§§f%%ﬁé%ﬁdg§§i$§¥ VO %%ge

converter (fioreaxasp!8chér DHACtndenverter 4 in FIG 1) which uses a thin
filmchoke coil for converting a voltage of a power to be supplied to a

load in a J¥94é4uent stage, froma first voltage to a second vol tage; 20

and a cogstant CURLENLeLI Uit abdOF i LS ndr GRAREANS GlHRE@BL theircuit 5
in FIG 1) for maintaining a current value of the power supplied at the

second vol t ajelsupppéets fndnthaesamie afethedavertépn Auly pladeeetfi ned
current val “131 r%ﬂ;{ eSBegE‘ﬁ‘fcé’EmrPO‘Ne&Pﬁer %@F&%&é N L16,4.089. trps[0018]

The control urt apparatus nay fur e including: a cal culation

circuit (foraexanpleonacpovern<ontinphieohnvanhi¢wrdarraibied 32 thifl G 4)

for calculating a current value  of gomer consuned in.t@e | oad; _and a
char gi ng bat%@rcg},fl\ﬁﬁ?%ﬂnr but 1t dees hot preclude the existence O any

10 other inventions which are not claimed in this application,
but may arise in the future as a divisional, amendment, or
additional applications.

[0017}
A control circuit apparatus according to an aspect of

15 the embodiment of the present invention is characterized by
including: a first voltage converter {for example, a DC/DC
converter 4 in FIG. 1) which uses a thin film choke coil for
converting a voltage of a power to be supplied to a load in
a subsequent stage,; from a first voltage to a second voltage;.

20 andaconstant current circuit (for example, aconstant current
circuit 5 in FIG. 1) for maintaining a current value of the
power supplied at the second voltage supplied from the voltage
converter at a predetermined current value, irrespective of
power consumption in the load.

25 [0018]

The control circuit apparatus may further be including:
a calculation circuit (for example, a power consumption
monitoring unit 32 in FIG. 4) for calculating a current value
of power consumed in the load; and a charging baftery, which

30 is chargeable with a portion of the power supplied from the

first voltage converter or which supplies power to the load;




30 is chargeable with a portion of the power supplied fromthe first

vol tage converter or which supplies power to the | oad; 7 SO5P0052 wherein
if the current value of the power consunption cal cul at ed by the
calculation circuit is smaller than a gpredeterm ned currentosmpse, the
constant current circuit nmakes the charging battery to charge a portion of
the power 5 corresponding to a difference between the predeterm ned

current value and the current val ue of the power consunption; and if the
current -val ue of the power consunption calculated by the cal cul ation
circuit is gheaeén tifanthhecpreert evalned ofcurtenPOUaT uSOREHBPELMt ant

current cireuht,, léea gg cgoar hegléi?mnbéﬁswttpssg&wiyeﬂwm@én a
correspondlng to rence etmeen the predeterm ned current val ue and

t he CUFFEHtpk@HEEeﬁﬁlﬂﬁﬂﬁﬁurﬂﬂﬁSUﬁﬂheonth@(Eﬁﬁ@tahﬁxﬂMQKGQ@ppﬂycéitCUIt
control nethod of the resent %5 i nvent on |nclud|ng F §;e
bfl £

“converting &#&6Fth t%€Y§ﬁbB FRECtHPRIMEEE Th A sggggéuént

st age, ff’somc%rfxlef'sﬁtmdm&t@ge a Qi reecand waldvaga hyea drigdet-evalihage
converter with e use of thin filmchoke coil; and nmintaining a current
val ue of powerrrsapptalaw apdithe seeomt valtagd FRORPPAS %sﬂjﬁ‘ﬁélgﬁ convert er

at a predetef fo REACULLePL, Y3 HeDYs Lt%bnlgo»@e%%%aﬂ ti6Mld-aRL16EEGUI T,
|rrespect|ve of “power consunption in the [oad. [0020] The power supply

circuit colntmothmai’lmhm;whmntmt i rgmeademgthﬁietbews%@ﬁtermpéél ating a
current val ue of po 25 consuned. in_the ad b Lat rCU|t
V\Elﬁﬁ,t‘%k}?cwfiharét %%3I;Jt-ent qu)Z/t r%aﬁgi: %H i e Q‘%I;Lghl

charglng a I'On 0T ~power supp
first voig agc?a&ﬁl‘&eﬁé SLpPlLy Perplryddier p@eRr ihg Hhe dl(f&érfehombettlweeohar g| ng

battery; wherein if the current val ue of power
the predetermined current value and the current value of power
consumption.
[0019]
A power supply circuit control method of the present
15 invention including the steps of: convertingavoltage of power
to be supplied toc a load in a subsequent stage, from a first
voltage to a second voltage by a first voltage converter with
the use of thin film choke coil; and maintaining a current
value of power supplied at the second voltage from the voltage
20 converter at a predetermined current value by using a constant
current circuit, irrespectiveofpower consumpticoninthe load.
[0020] |
The power supply circuit control method may furtherx
including the steps of: calculating a current value of power
25 consumed in the load by a calculating circuit; charging a
charging battery with a portion of power supplied from the
first voltage converter or supplying power to the load from
the charging battery; wherein if the current value of power
consumption calculated by the calculation circuit is smaller
30 than a predetermined current value, the constant current

circuit makes the charging battery to charge power




consunption cal cul ated by the calculation circuit is smaller 30 than a
predeterm ned current value, the constant current «circuit makes the
charging -battery to charge power 8 SO05P0O062 corresponding to a difference
bet ween the predeterm ned current valge and the current vakospoosz power
consunption; and . if the current value of power consunption cal cul ated by
the <calculation circuit is greater than the predeterm ned current 5 val ue,
‘the constant current circuit makes the charging battery to supply power
corresponding to a difference between the redeterm ned current val ue and
t he current ceakaeperdponefo aoRddFpErBRS Pegmﬂ‘l the TRECPBRETHERTY i bed

above ey be,proxt ded 25, SREUIL- KAl 1205 EQNRId:Clod R @XAIPlEy @ DA DC
converter 77in f3 $or converting the voltage of power supplied from
the constantf chiéramresitr calte fofopotvhe secompbiont agkculnted hivrtghe vol t age.

15 [0022] A control , cirguit . apparatys cording._t n_enbodi of the
present invéﬁ%FBﬁaﬁﬁ??CBECHéE&ﬁQﬁﬁf'%f?ﬁﬁ?g%?g%ﬁﬁﬁger ?n?% g??%%% to the
acconpanyi ng zd5aw digScod H823] curd@rA CoRIA) ndtdLtihé cRppai®g batshown in FIG
1 is an apparatus to be incorporated in various types of electronic

control equitpnedPplandeFenIITIREPegderactPi @ af H i Mo P& M obRF at i ons of

various dri L ESmb LLARLE SOPUHY cuSdEhPNRMlue Aehekesonputer 1
in the cont %F%%%%%ﬁkﬁeggggﬁggﬁé%%S I'S conpriggd of a Cﬁﬁ!(cgﬁtral

Processi ng UairsimptaoRAM (Random Access Menory) and a ROM (Read Only

Menory) , in @Qhﬁh the CPU reads out a programincorporated in ROM and
executes it

10 The load described above may be provided as a second
voltage converter (for example, a DC/DC converter 7 in FIG.
1} for converting the voltage of power supplied from the
constant current circuit from the second voltage to a third
voltage.

15 [0022]

A control circuit apparatus according to an embodiment
of the present invention will be described in the following
by referring to the accompanying drawings.

[00231] '

20 ' A control circuit apparatus shown in FIG. 1 is an
apparatus to be incorporated in various types of electronic
control equipment, and functions to electrically contreol the
operations of various drive units in the electronic control
equipment. Amicrocomputer linthecontrolcircuitapparatus

25 is comprised of a CPU (Central Processing Unit), a RAM (Random
Access Memory) and a ROM (Read Only Memory), in which the CPU
reads out a program incorporated in ROM and executes it by
deploying in RAM as required. Further the microcomputer 1
functionstocmntrolthewholecontrolcircuitapparatus,aﬁd

30 issues a command to operate loads 6, 9, to be described later,

by sending a predetermined command to a control IC 2.




epl oyi ng in RAM as required. Further the m croconputer
lontrol the whole control circuit appar at us,
.. Operate |oads 6, 9,
command to a contro
to a command gi ven from

- (D rect Current

peratlon

5 of

““¢onverter 4, whi
_yoltage of power

to be described | ater,

control s on/of f of SEaRHEX2
7 to all ow actual
[0025] The DC/ DC
converts a

the m croconputer -1,
to Direct Current) converter 4 or
load 6 or 9 in a subsequent stage. 222
fh i s under control of the control | ,

ower
%% lIEd froma p cjrcuit 5. In order to be able to

1 functions to

and 30 issues a command to
by sending a predeterm ned
IC 2. 9 [0024] SO5P0052 The control 1C 2, in response

supply 3 from8. 4vVvito 1. 5V and

E 1 - -
P e s howr oot o d oS e 5 e es cenmahdosiveaf frreihency
regglve a power supply iIn such a ?at%?wﬁﬁ ERTERS

t
bf vol t age COnW@K%maﬂrQQDMﬂﬁidﬂjljaoﬁQBMféQ%Wo%f&&@ﬁcF&P%#ﬁgécgg%éignand a

circuit 5 nonit
pomer consuned in

COI’lSt ant curr ent[

batter t Ioad
EBSZth$Lglrgad 6 opg$§ﬁﬂ%§é§ya 2575 eBo W@%&ﬁpﬂﬁe@ﬂ¢¢xnndﬂtzolDGEEEhe

FeGldet le, an
clectric m V'aCPW%d%”t?rﬁ‘f%%‘"%c"“cl&%%r‘%%*"Z%r%ue}aln 8 &P over

“f'electrlc not or -
jVfistupplled fronlthe

15

20

25

30

Eﬁégséro%%eﬁ\{ EP 145V and supplies it toa constant current

circuit 5. In order to be able to receive a power supply in
such a state which ensures an utmost efficiency of voltage
conversion by the DC/DC converter 4, the constant current

Ccircuit 5 monitors a power (a current value) consumed in the

load 6 and a power consumed in the load 9 via the DC/DC converter

7. When a surplus power exists, the constant current circuit

5 supplies the surplus power toacharging battery8 for charging

itself, or when power is deficient, the constant current
circuit 5 causes a deficient power to be supplied from the
charging battery 8 to the load 6 and to the DC/DC converter
7.
[0026]

The load 6 operable at 1.5V of power supplied from the
DC/DC converter 4 vig the constant current circuit 5 is, for
example, an electric motor or the like. The DC/DC converter
7 converts a 1.5V power supplied from the DC/DC converter 4
via the constant Current circuit 5 to a-rl 2V power, and supplies
it to the load 9 operable at 1.2V power.
f0027]

.I-n the next, the operation of the control circuit
apparatus shown in FIG. 1will be described. The microcomputer

1 issues a command to the control IC 2 to allow operation of

N Y

t val ue) consuned
A e O coniecten oaguuil BB, sut is
' lies the sur
power existsp the ceast gnby Coir{,erd éﬂﬂgé enEr gﬁg& Lgmer S eri o ent!

tsel (
" batte%%g8 Lartcgagghggs ; def|C|ent power to be supplied from

to the DC/ DC converter 20 7.

t he



via the constant current circuit 5to a 1. 2V power, and supplies it to
the lL.oad 9 operable at 1.2V power. [0027] In the next, the operation of the
control circuit 30 apparatus shown in FIG 1 will be described . The

m croconputer 1 issues a command to thg control IC 2 to all gysropsy ati on of
10 SO05P0052 the loads 6, 9. The control I1C 2 allows the DC/ DC converters

4, 7 to be set -a state applied with a voltage so as to supply power to
the loads 6 and 9 (to be set on-state). [0028] 5 The DC/ DC converter 4.

converts an 8.4V power supplied fromthe@gower sug‘gl)/ 3 to a 1.5V power
suppl y vol t abe,leats 6subpl b dantrelt He 2cahkewhherT/dit CERYEETE S, The

constant - cyfrenl, GLIGH L 3 SUBPLLES & 43 BY POVEELO dhes loAdupLer eby

enabling it tTo eXecute a predeter operation and al so 10 supplies al.
5V power t o0 pldGkebCreotiverteids/.6 Binel BCLDE oo taar-stateonverts 1.5V power
supplied fromthe constant current <circuit 5 to 1. 2V power, and supplies
it to the |d84281to execute its operation. [0029] 15 Byway of exanple,

the consgant currept i mRUEbnoe PO 4OESnvEr S aines0fv pwelr eapplbpdi ons in
the load 6 and the load 9 to which its power is supplied via the DC DC

converter 7 fwem ehe AL SHEPAY povier 2t b- PP GEdSBPRAY - TeRE ' IRIBC
converter 7 %ﬂgeg% Q) éhélé%?ﬁttgﬁ{: dihS- T EetuMalue i @BhRtahned at 20
S

~which the his,gﬂrlD conversion efficiency 1n the DO DC converter 4 is
achi evabl e. dvarrenspecidiicabl sypaliescanstdnpowss tenthe depduf thereby there is

L S R AR T e B RGOS gl o=, L
isa 0 suppliesal.5Vpower toDC/DCconverter’. The DC/DC converter
| 7 converts 1.5V powér supplied from the constant current
circuitStol.ZVpower,andsuppliesittotheloaﬂQtoexecute
its operation.
10029]

15 Bywayofexample,theconstantcurrentcircuit5monitors
a state of power consumptions in the load 6 and the load 9
to which its power is supplied via the DC/DC converter 7 while
supplying a power to the load 6 and to the DC/DC converter
7, and controls such that its current value is maintained at

20 which the highest conversionefficiency in the DC/DC converter

. 4 is achievable. More specifically, the constant current
circuit 5, if there is a surplus in the power supplied from
the DC/DC converter 4, supplies the surplus power to the
charging battery 8 for charging itself, and if there is a

25 deficiency in the power, the constant current circuit 5
receives a power supply from the charging battery 8.
[0030]

In the next, by referring to FIG. 2, detailed
configurations of the control IC 2 and the DC/DC converter

30 4 will be described.

[00311]




- 25 deficiency' in the power, the constant current circuit 5 receives a
~power supply fromthe charging battery 8 [0030] In the next, by referring
to FIG 2, detailed configurations of the control 1C 2 and the DC/ DC
converter 30 4 will be described. [003}] 11 SO5POC62 A conpgpsiggsz 11 in the
control IC 2 supplies a feedback signal supplied fromthe DC/ DC converter
4 via atermnal A to a PWM (Pul se Wdth Mdul ati on) conparator 13. A SCP
(Short Gircuit Protection function) conparator 12 supplies a short 5 '
circuit protection signal of the control IC 2 to a main controller 17

usi ng a. vol tage s@m@knpedatpnrhlallpdlh@rC@@bm%llcl%supgésgﬁ aByeaReRFlat i ng the

f eedback si nal u Iled rom t si gnal and
changi ng a i ?ﬁg&ﬂtlhereo {&h D%V\PBIC ‘érlg%eg 4 %lérg%le?reﬂg}{\% éfo an AND

circuit 14. tWEPWMS(lPQJDJsbG/ﬁldMHMoc&lﬂaﬁﬂ-(:&i)gdﬂcaﬁpafﬂaﬂmﬁh:e rrmsczcomwnttler 17,
the AND circuit 14 supplies the feedback signal d{ﬁve p se to the
DC/ DC convelH&Fuat\Beptartdms Feagian cORBRRERYCLS CBW{" $5 Ag® ‘ﬁ’ét DC/ DC

converteg 4 J¢eqndi B%Xeé@ﬁox@' SO SUPPE Vil the faedhack s ghakaifer eto.
[00331 On the basis of a drive pulse supplied fromthe control IC2 to a

gate term nalon2tallan FELgiFicekdveE: taqe SHP@Asest 6F Z0 PRYerNSERPHC
converter 4 %uppl ies an 8.4V DC power supplied fromthe power supply 3 via
a drain termidal 21b to a thin fil.mchoke coil 23 via a source term nal
21c. A diodgm@321 the thin fil mchoke coil 23 and a capacitor 24 in
conbi nat| on _ ) -
By modulating the feedback signal supplied from the
10 ~comparator 11 intoaPWMsignal andchangingadutyratiothereof,
the PWM comparator 13 supplies it to an AND circuit 14. When
supplied with an on-signal from the main controller 17, the
AND circuit 14 supplies the feedback signal as a drive pulse
to the DC/DC converter 4 via an amplifier 15, thereby
15 controlling the DC/DC converter 4 accordingly and also
supplying the feedback. signal thereto. |
[0033]
On the basis of a drive pulse supplied from the control
IC 2 to a gate terminal 21a, an FET (Field Effect Transistor)
20 21 in DC/DC converter 4 supplies an 8.4V DC power supplied
from the power supply 3 via a drain terminal 21b to a thin
film choke coil 23 via a source terminal 21c. A diode 22,
the thin £ilm choke coﬁl 23 and a capacitor 24 in combination
convert the voltage of pdwer supplied from the FET 21 from
25 8.4V to 1.5V, and rectify it to supply to the constant current
- circuit 5. At this instant, the terminal A supplies a feedback
' signal to the control IC 2.
[0034]
A voltage conversion ratio and a voltage conversion

30 efficiency of the DC/DC converter 4 are determined depending

on the characteristics of this thin film choke coil 23.




convert .the vol tage of power supplied fromthe FET 21 from25 8. 4V to 1.
5V, and rectify it to supply to the constant current «circuit 5. At this
instant, the termnal A supplies a feedback signal to the control IC 2. L
00341 A voltage conversion ratio and govol t age conversi on 80smibkz ci ency of
the DC/ DC converter 4 are determ ned depending on the characteristics of
this thin filmchoke coil 23. 12 S05P0052 Although it is usually possible
.to change the characteristics thereof by changing the nunber of w ndings-
~of the coil, because the thin filmchoke coil is manufactured using a thin
film proceddthpnghsitnb? usyadipROSEAPARHSEREMEE ARRERTEFTRIABIHGS, 5 as a
result, It an%g%‘g%b\gﬁéya il G bhadiGe £B2NER G s ocfh%{ce?eéﬂ,l sLigssd her eof .

[ 0035] FIG ws “conversicon efficiencies of "the DC converter 4. The
~conver si on eftfei thénc§ilf dhekeDELDE tomeanifecti®ed beivwores tappr dkimately 63%
relative to a 50mA current consu in the |oads 6.and : imately 79
rel ative toP¥of66mA Todf st ?Oﬁf&gg]g%(fcﬁa?%quys%gg?éugﬁe\%o glge%‘grém current,
94 rel a5i veudt 0a @ r3QAMLLA iGUr b€ ¥me APPEBKI MAKELYud? rtel atthareyd othe 400MA
current, and approxinmately 88 relative to a 500mA 15 current. [0036] That
is, it is shHdwrachariahéens aEhv@Pcurrent which is a current of power
consuned in [tdb%5| oads 6 and 9 is in a range from 200mA to 400mA, a high
efficiency in excess of 90%is 20 achievable. Further, when the | oad

current is 300mA Fifie 3neviowsmoshfviecsénoy eif§iobertirsl, ofiofkeePC/RBen its

| 080 current_ L QuLs] der} 0853008 L1 8 PO 9r A0y nkichrstbhekency

10 . 4 becomes approximately 63% relative toa 50mA current consumed
in the loads .6 and 9, approximately 79 relative to a 100mA
current, approximately 93 relative to a 200mA current, 94
relative to a 300mA current, approximately 82 relative to a
400mA current, and approximately 88 relative to a 500mA

15 - current.

[0036]
| That is, it is shown that when a load current which is
a current of power consumed in the loads 6 and 9 is in a range
from 200mA to 400mA, a high efficiency in excess of 90% is

20 achievable. Further, when the load current is 300mA, the
maximumefficiency is ocbtained, however, when its load current
is outside the range from 200mA to 400mA, its efficiency drops
‘drastically. '

10037]

25 In the next, by referring to FIG. 4, a detailed
configuration of the constant current circuit 5 will be
described.

[0038]
Acurrent consumptionmonitoringunit 32monitorsatotal

30 value of a current value of power supplied to the lqad 6 and

acurrent value suppliedviathe DC/DCconverter 7 tobe consumed




drastically. [0037] 25 In the next, by referring to FIG 4, a detailed
configuration of the constant current circuit 5 wll be described. [0038]
A current consunption nonitoring unit 32 nonitors a total 30 value of a
current value of power supplied to theg oad 6 and a current gygtodsz suppl i ed
via the DC/ DC converter 7 to be consumed 13 SO5P0052 in the | oad 9. The
current consunption nonitoring unit 32 controls a distributor 31 such that
if the total value is smaller than 300mA at which the maxi mum conversion,
~efficiency is achievable, a surplus current of power is supplied to the 5
chargi ng batiefjesléat ThaFie meited] CONHEPF OB HEOHGOAL NFal Bt 3 greater

than 300mA T e0eluas 3, BAMEL s3UpRhYRA Lhecochargi ngibat ery: B [0039]

The distri bits esponse. to a romt 10 power

consunptlontmamlsoomngaunwhlaﬁ tﬁesmathhesuandu$uppleéﬁipﬁaecyttsthe | oad
6, the load 9 via the DC/ DC converter

wel | as rec&VeEVEBhar %LﬁHﬂR}?ﬁwﬂﬂrrﬁﬁé 8£aP%t%§:%£%%'F@ggga%teé%%?regs

[0040] %5 |d&ar6§na@gbte%ycs>%Eamar@tih@@rﬁseqqotmi ipreeesstdlyvhge constant
current circuit 5 will be described with reference to FIG5. [0041] In

step S1 (FI GS QFeatﬁé Heate 3 008Rs uipt TOFE AT LoPPHREY 2RI f39McEP@ul ates a
total value gf r%1%8r£§9£e¥$1ye of power

[0039]
The distributor 31, in response to a command from the
10 powerconsumptionﬁonitoringunit32,distributesandsupplies
power to the load 6, the load 9 via the DC/DC converter 7 and
the charging battery 8, as well as receives power supply from
the charging battery 8 as required.
[0040]
15 In the next, a constant current control process by the
constant current circuit 5 will be described with reference
to FIG.S5.
[0041]
In step S1 (FIG. 5), the power consumption monitoring
20  unit 32 calculates a total value of a current value of power
supplied to the load 6 and a current value of power supplied
to the load 9 via the DC/DC converter 7.
[0042]
In step S2, the power consumption monitoring unit 32
25 determines whether or not a total current value of powef
consumption-calculated_is less than 3OOmAJ For example, if
the total current value is determined to be less than 300mA,
the distributoer 31 is controlled in step 83 to supply to the
charging. battery 8 a surplus power corresponding to a
30 difference between an actually consumed power and 300mA, and

to distribute the rest of power to the load 6 and the DC/DC




1ia the DC/ DC converter 7. [0042]
nonitoring unit 32 25 deternines whether or not a total

cdurrent value is determined to be |ess than 300mA,
.gontrolled in step S3 to supply to the

S Uf it is determpgghd;n step S2 that the total valle
~“300MA,

determ ned, for le,.fo be |arge
‘step S5. [0044]Ifziénq§t38pt‘é%f} %OrPéﬂApo%é
~control s the5di S idetibeii 3ds t 4, Ay
wieurrent exceedi 300mA fromthe c

power consunption calculated is |ess than 300mA. For exanpl e,
the distributg mﬁ%sés

charging. battery 8 a surplus power

torresponding to a 30 difference between an actually consuned power and

300mA, and to d%;ériﬁ;;egthe rest of power to the load 6 and the DC/ DC 14

~ $05P0052 conver teTVET R € BiiEArt hikepr €6esS, . rning to step Si.
B s ngur%%guéwtxermm. .

ether or not the tofdlivalsugetsrmimeger, than 300mA, and if
r t han® TRt thet prioc sesahduanees st 0

P EOMETRIGnQRmERALE QL i 1
%%ut a Power Correspon I N
a

rgi MPdEiteoy ngtative stpplly vish bk 0; be

upplied to the load 6 and a current val ue of power supplied tbnfh
In step S2, the power consunption

e | oad

current val ue of

i f

it

the total

[ 0043]

the power consunption monitoring unit 5 32 determines in step $4
is

unit 32 10
Y39 rBal

t he

””@istribUtEd o IPEab B aiPrtheadd/ TC 50Dy r 7. After then
‘ o ThHRedh oL examplleadto

process returnsye018460r Sihap [ 5 1n step

lcurrent is determned not gre
the process returns to step S

iconsunption is 300AA]

he
ater than 1B00awss tdibtarices tReEUL T
to -repeat

*Fhe

-sdsubsequent st eps.
o In step 85, the powes
! X consumption monitoring unit 32

S 10 contro i i
ols the distributor 37 to draw out a power correspondi
ng

converte .
r 7. After then, the process returns to step S1

[0045)

|
|
{ 15 In step 84, if th |
. e tot i
{ 2l load current is determined.not

powerlossduetovoltageconversionisZ? 75

achievable of the utmost efficiency That i
. is

» the dDC/DC converter

"
i 20 4 is enabled to continue its
‘ voltage conversion in the s t
tate

r 45 shown in

FIG. 3 i current is
» if a load s for example, S50mA although the
’
([[]W) (—"1.5‘ (V)XSO

(mA) x (1-0.
)%(1-0.63)), the power loss becomes 27 (mA) (=1.5 (V) x300

25 (mA)x(1-0.94)), thereby’enabling.to_reduce ¢

he power loss by

30 Accordi Q I A%
ing t the ar angement described above the
’




E046] By the processes described above,
ut nost efficiency. That is, as shown in
exanpl e,

the DO/ DC converter 20 4 is

nabl ed to continue its voltage conversion in the state achi evable of the
FIG 3, if aload current is, for

| oss due to voltage conversion is 27.75

50mA, al though the power
(m) x (1-0.63)) , thelpower |oss becomes 27sgsphsa( =! -

(M (=1. 5 (V) x50
55 (V) x300 25 (mA) x (1-0.94)) , thereby enabling to reduce the pOV\,eI’.|OSS
is

ot

“Wwhose

:

y

‘According. tot

. enabling to operate at 300mA at which the conversion efficiency
Hi ghest by suppl ci)ng a pO\f\ﬁgr supply to the charging battery 8. [0047] 30
T aNgeread Oescthbent above,ndda .,CoNst ant current
3 560%25%8\%F°§}ﬁﬁ1&15elaef rom

nt val ue of the 15 S05

i it 5 t t
i rcui cont r of5e LGS L& B WY € Hd © Fencwutimoshe conwmy PR eekbi-ci ency

he DC/ DC conver

ter 4 so as 1o @
DC converter is used,

‘iln the DO/ DC coreategiors, oFher efore eweny DC/

J characterj,stic cannot be chan%%g g?%h%ﬁ’ai"ﬁﬁt?ﬁe Hunteedef Bhose
wi ndi ngs of its coll as th&IBCFIno Fhemabdisiyngni A Adithe £l cocié% :
- ‘becones possishl eriroiicent baue & 20use, JRRIpLE, U DSt Conversi on er i

chi ruscions uApt ¢ 1om,

ing in enabling to a
.he hi ghest at the nmaxi

it

i ency

““ctondition, resul fypg L, enabl in
- [0048] 10 In th Ohher oDEL DD CNNVEE tey [ signed such that
C%nlt_SLIlgg tC.gr]ﬁ?r% Bﬁ?%ﬁttkleat a

ts conversion effioai L
th %EWeQ%SBH%%f\}&;L?ncy SR Gidr o, n@me;iﬁgqrrpéz%lﬁtngt he

“maxi numcurrent), it is,

maxi mum out put .

' }j_f{fbattery 8 Will 50489

10

15

20

25

30

however,

thherbkfiere, reduced HwaR! égplesru%tpitrigncondi tion, the charding

In the case where the DC /pc converter 4 is designed such
that its conversion efficiency becomes the highest at the
maximum cutput (at a maximum current), it is, however, very
rare for it to be operated at the maximum output. Therefore
1n a normal operating condition, the charging battery 8 wil;
be constantly charged fully with power, thereby allowing it
to may be used also as a POwer supply, for example, of a
Stroboscope as required. Further, by disposing an additional
DC/DCconverterforconvertingﬂfrmnl.5Vﬁx)arelativelycloser
voltage of 1.2V in a subsequent.stage as the DC/DC converter
7, it can convert at a higher efficiency, for example, - than
c?nverting from B.4V to 1.2y (generally, the smaller a
difference between a voltage Prior to its conversion and a
voltage post its conversion is, the higher an efficiency is
cbtainable). As a result, still more reduction in power
consumption becomes achievable.

(00497

Still further, in the above description, as an example
of DC/DC converter 4, it has been_described,the converter for
converting from 8.4V to 1.5v. However, it is not limited
thereto, and any DC/DC converter for converting from any other

voltage to another voltage may be used In this ¢
. _ ase, a




15 be constantly charged fully with power, thereby allowing it to may be
used al so as a power supply, for exanple, of a stroboscope as required.
Further, by disposing an additional DC DC converter for converting from 1.
5V to arelatively closer voltage of 1.2V in a subsequent gispggs®s the
DC/ DC converter 20 7, it can convert at a higher efficiency, for exanple,
than converting from8.4V to 1.2V (generally, the smaller a difference
between a voltage prior to its conversion and a voltage post its
conversion is, the higher an efficiency is obtainable) As a result, still
nor e reduct constanpewsren sl ronsUPPRID pEEdHRS HEHIEAbT &P T 004 Stil |

further, in_the abpve descriptio examle-,0f, PY DG converder 4, it
has been degt(?r i“’BéSRt Eggcgﬁ@l@%%r@?@?&%&&gti nge?r%m 8.4V to 1.5V.
However, it cograspohdiid ed 30 theratveranidi cnyf BCODCDE arorgetderfiy

converting fromany other vol e to anotf her voltage may .be used, In this
case, a 16 S63566%FYAREH- céggﬁﬂ%oﬁ’r%tﬁoﬁbjatbﬁ%s%‘?el)ré%ia% ‘5??1‘?%9 a
current yal %S wa?tof\’fﬂlﬁh ekBRphLghestscanyenstancef fdgistaay tsraeht evabl e

corresponding to the characteristics of a DO DC converter to be used,
maybe used. CEepdtdrecondimaseghatrerasivedi ngictrneasahie RRGERFY t he

eXEPL ATy C35e I MM, b PANBLAYLRHeRh o lokGlpcB 100004l ades et ween
chargi ng of the chargi'ng battery 0r receiving a power supply therefrom
after conpardurgehhevidad0Only rgnshowtd b30Bred ithashigulid rse honededhat it is
not limted _thereto,

10 00501 ALHIZEEPY Lt REPEB AR5 SH08l Re TR EoRtanl et rent
circuit {igh tfmwssybsequent stage of the DC/ DC converter which uses the thin
fil mchoke coil so as to _supéol y a current . . N -
As described Hereinabove, by disposing the consta
currentcircuitinthesubsequentstageoftheDC/DCconvertei
which uses the thin film choke coil so as to supply a current
value corresponding to the characteristics of the DC/DC
15 converter to the loads in the subsequent stages, it becomes
possible always to utilize the power in the nearly utmost
efficiency condition in the DC/DC converter. As a result,
itbecomespossibhatoachievereducedpowerconsumptiqnover
the whole of the system.
20 [0051]
In this specification, . the steps describing the
sequences of the process set forth should be understood to
include not only those processes to be executed in time series
in the order described above but also processes tobe executed

25 in parallel or separately even if they are not executed in

time series.




val ue corresponding to the characteristics of the DC/DC 15 converter to the
| oads in the subsequent stages, it becones possible always to utilize the
power in the nearly utnost efficiency condition in the DC DC converter. As
aresult, it becones possible to achigve reduced power congpgsgjob®n over
the whole of the system 20 [0051] In this specification,. the steps
describing the sequences of the process set forth should be understood to
“include not only those processes to be executed in tine series in the
order described above but also processes to be executed 25 in parallel or
separatel y @het if chajmegd alsfot executed in tinme series. 17 S05P0052 \Wat

is clained i,s: 1.,A.co ol ..ci i Qomiising: a first voltage
converter mﬁTch u%e%o%ggé%r?%%cpggc%8§§P§%€%ﬁ§?@} cénéérting a vol tage of
power to be suppl seffindst aolbadoadnvaraesuisedquents st dgen filonthoke r st

voltage to a second voltage; and constant current circyit for ‘
mai nt ai ni ng RIGuFPENTON VI W %R BOnEFIS PpCEE a Ogéﬁcf%ggéﬁﬁg g%l?age from

sai d vol 5ag@ oze0NN & 8bsakudn Pr-edeker M aed eursenfoltabuero i kespeati ve of
10 power consunption in said |oad. 2. The control circuit apparatus
accordi ng t ooditagmy 1andfurt her conprising: a calculation circuit for

calculating a curpenl, JAHE et PONEL: CORRUARE.LD: Al ol aad:opad 2

chargi ng battery, Ich'1s chargeable wth a portion of” power supplied
fromsaid fivadtuevol page: sapniarddsrt saidhechnd soppiiesrporeidtivolsagd | oad;
wherein . . .
converter at a predetermined current value, irrespective of

10 . power consumption in said load.

2. The control circuit apparatus according to claim 1,
further comprising:
a calculation circuit for calculating a current value
15 of power consumed in said load; and
a charging battery, which is chargeable with a portion
of power supplied from said first voltage converter or which
supplies power to said load; wherein
if said current value of power consumption calculated
20 by said calculation circuit is smaller than a predetermined
current wvalue, said constant'current circuit makes said
' chargingbattery to charge power corresponding toa difference
‘betweensaidpredeterminedcurrent valueandsaidcurrentvalue
of power consumption; and if said current value of power
25 consumption calculatedby said calculationcircuit is greatexr
than said predetermined current value, said constant current
circuit makes said charging battery to supply power
corresponding to a difference between said predetermined
current value and said current value of power consumption.
30

3. The control circuit apparatus according to claim 1,




if said current val ue of power consunption calculated 20 by said
calculation circuit is smaller than a predetermned current value, said
constant current circuit nakes said charging battery to charge power
corresponding to a difference betweengsaid predetern ned cupsmipse val ue and
said current value of power consunption; and if said current val ue of
_power 25 consunption calculated by said calculation circuit is greater

than said predeterm ned current value, said constant current circuit nakes
sai'd charging battery to supply power corresponding to a difference

bet ween sai #hpredatserin Frafl 12 gryaamnd e e EhaCR S G Cuf PeAPPVEF EE"Sf power
consunpti on. T j j i ] iml, 18
S05P0052 whar oS o P £ R B R e P o Peener ting a
vol t age of pawer satpgpséeshd romtsgied tooasthntd curlterge.circuit, fromsaid
second voltage to a third voltage. 5 4. A power supply circuit contro

nmet hod conprising the steps of: converting a voltage of power to be
suppliedsto g | oagd phwed SHRIQAUEPtuBE ageLt ron Ofk Bhbd rédmpealstiagethe a second
voltage by a first voltage converter with the use of thin filmchoke 10
coil; and n@EteP& Mifag a current val ue of power supplied at said second

vol tage from said yoltagg CONYET L &fe Al BoldLAR BE R 1 AUES BNt oXAl Ue by
using a-constant current clrcuit, irrespective of power consunption in
sai d load. .irl& shbsEheepowergsudplop xEicet tvodbape ¢lo areehond yoddrdeng to

e eonaures: FOIRL |2 0o MR Ol of U2 h8L 110 e Rs R M bnY LU Of

10 coil; and
maintaining a current value of power supplied at said
second voltage from said voltage converter at a predetermined
currentvaluebyusingaconstantcurrentcircuit,irrespective

of power consumption in said load.

.15
5. The power supply circuit control method according to
claim 4 further comprising the steps of:
calculating a current value of power consumed in said
lcad by a calculating circuit; .
20 ' charging a charging battery with a portion of power

supplied from said first voltage converter or supplying power

to said load from said charging battery; wherein
| if said current value of power consumption calculated
by said calculation circuit is smaller than a predetermined
25 current value, said constant current circuit makes said
chargingbatterytochargepowercorreSpondingtoacﬁfference
'between saidpredeterminedcurrent valueandsaidcurrentvalue
of power consumption; and if said current value of.power
consumption calculated by said calculation circuit is greater
30 than said predetermined current value, said constant current

circuit makes said charging battery to supply power




| oad by a calculating circuit; 20 charging a charging battery with a
portion of power supplied fromsaid first voltage converter or supplying
power to said |load fromsaid charging battery; wherein if said current

val ue of power consunption cal cul ated 19by sai d cal cul ati on sosrges: i s
smal l er than a predeterm ned 25 current value, said constant current
circuit makes said charging battery to charge power corresponding to a

di fference between said predeterm ned current value and said current val ue

of power consunption; and if said current value of power . consu tlon
cal cul at ed ISPrEaPBECRGHRGI e i dndEf FRIRTCY Pjresteradf PREASEaFRIned

predet ernin epl1 Yl ey s§2hdeCoNsHaRkI1GH! E8Nowdd HeHkbmpBKkSS. Sai d
“chargi ng ba?%é%%ﬁﬁo %uppa' pgwer 19 S05P0052 cor?%?%onglng tgga di fference
bet ween said predeterm ned current value and said current val ue of power

consunpti on.




