SP262791W00 DESCRI PTI ON ELECTRI C PONER CONTROL APPARATUS, ELECTRI C PONER
CONTROL METHOD, AND ELECTRI C PONER FEEDI NG SYSTEM 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to an electric power control apparatus, an
el ectric power control nethod, and an electric power feeding systemfor
controlling supply 10 of electric power generated by a&mpenrécatong el enent.
BACKGROUND ART [ 0002] As an environnment protection neasure, devel opnent 15
of clean energy that does not emt carbon dioxide or polluting substances
is desired. Among others, solar power generation and wi nd power generation
have seen increasingly w despreadnss&IiPmIiogcent years. [0003]

20Parti cul ar| use of solarﬁgomer enerating el enents in general

househol ds F%ES?%&ﬁuﬁQWﬁRbSQH Rb {F %%Pg%d TFot he¥aecrdase s n price
and increase in geperabbonaed fiigicanay: ebwsel aprpbatd efies sol ar panel s)

that can be installed on rooftops of houses and the 25like. Sol ar
power generating el enents have al so becone smaller in size, and sal es of
portabl g tel S, eqyipped with a solar battery have been avail abl e.

[ 0004] 30A sol'ar battery has characteristics different fromthose of

const ant - voltHge sources, such as dry-cel
The present invention relates to an electric power

control apparatus, an electric power control method, and
an electric power feeding system for controlling supply

10 of electric power generated by a generating element.

BACKGROUND ART
[0002]
As an environment protection measure, development
15 of clean energy that deoes not emit carbon dioxide or
polluting substances is desired. Among others, solar
power generation and wind power generation have seen
increasingly widespread use 1in recent years.
[0003) |
20 Particularly, use of solar power generating
elements in general households is gradually becoming
widespread due to the decrease in price and increase in
generation efficlency c©f sclar batteries {sclar panels)
that can be installed on rooftops of houses and the
25 1ike.

Solar power generating elements have also become
smaller in size, and sales of portable telephones
equipped with a solar battery have been available.
[0004]

30 A solar battery has characteristics different from

those of constant voltage sources, such as dry-cell



SP262791W)00 batteries, and has characteristics as a current source
dependent on the voltage across its termnals. Thus, in order to obtain a
maxi mum out put froma solar battery, the voltage of a |l oad connected to the
5 solar battery needs to be matched with the maxi mnum operating point

vol tage of the solar battery. In the current-vd#zage sclavact eri stics
of a solar battery, there is only one maxi num operating point (MP: Maxi num
Power Point) where the electric power is at the 10 maxi num However,

the current-voltage characteristics of a solar battery vary dependi ng on
t he envir onrente:SiucGh asdi hhHndnarnce: ori dtarperat ur eprsent hatuddre control for

obt ai ni ng the nmaxi num operating point voltage needs to 15 be perforned
during operfHGITEI- & déVE cEC cotiffe @0 “f-Re F86TaFebAt tery. Such a control

for obtaining thenmxi Mm eper atd ngRAINNE AUk AG.oper@atd an-gf -device is
referred to as a MPPT (Maxi num Power Point Tracking) control. 20[ 0005]
Many t echnispies: foert templ efreat Volgtadie IVPRT legnt rohnpaived beeri:isr oposed, and

those techni gues Lor Lhe,difgcts Gl Lent.Rat hiean be nouahly categorized
into the follow ng two“types. BE T St type i'S a technique 1nvol ving
swi t chi ng bgtavesn rsemicestandl pataldelcreonnéeti bastefya plurality of solar

batteries (see Paten§2 Docunent 1, for exanple). Second type i.s a technique
for obtaining thd " maxfniini bper at9 g I5oiRe *B§ “Eoht roF T i Hy % “&Wiftchi ng type
30 DC-DC caomerd.ef, ($ee-Patest Posiimenty i2unf 0beeX8MPY &oint (MpP:

Maximum Power Foint) where the electric power is at the

10  maximum.

However, the current-voltage characteristics of a
solar battery vary depending on the environment such as
illuminance or temperature, so that the control for
obtaining the maximum operating point voltage needs to

15 be performed during cperation of a device connected to
the sclar battery.

Such a contrcl for obtaining the maximum operating
point during cperation of device is referred to as a
MPPT {(Maximum Power Point Tracking} control.

20 [00057

Many technigques for implementing the MPPT control
have been proposed, and those technicues for the direct-
current path can be roughly categerized into the
following two types.

25 First type is a technique involving switching
between series and parallel cconnections of a plurality
of sclar batteries (see Patent Document 1, for example).

Second type is a technique for obtaining the
maximum operating point by controlling a switching type

30 DC~DC converter (see Patent Document 2, for example).



SP262791W)00 ClI TATI ON LI ST PATENT DOCUMENTS [ 0006] Pat ent Docunent 1
Japanese Patent Application Laid-Open 5No. 2001-218365 Patent Docunent 2:
Japanese Patent Application Laid-Open No. 7-336910 SUWARY OF THE | NVENTI ON
10 PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0007] For inpl enenting
the MPPT control, according to the first techni que by ssiahsthesgonnecti on
of a plurality of solar batteries is switched between series 15 and
paral | el connections, the control can be inplenmented such that the maxi mum
operating point can be approached. However, in this technique,
because t he:-sol@amatkeri es may be connected in parallel, the respective
sol ar batteries need to have the sane nmaxi num operating 20 point voltage.
Further, tHAFIYsiUOCEMEYdEs of series or parallel connection vary dependi ng
on the nunbﬁj{ﬂﬁ the sol ar batteries. For exanple, when there are two sol ar
batteries, sé%ection must be made from two maxi num 25 operating points of
an al |l - serimsceconmectinentahd 2ape@ldseparalengl Apphneet i on;Lasherbdener e are si x
solar batteries,_ th S | ection must be made from four naxi num operating
points.5|nIVhi§“%§§§} sﬁ re is the disadvantage that, 30 because the

vol tage di fdarenceshekween: t hgd4-asRectd@t application Laid-Open
No. 7-336810

SUMMARY OF THE INVENTION
10 PROBLEMS TO BE SOLVED BY THE INVENTION
[00C7]

For implementing the MPPT control, according to
the first technigue by which the connection of a
plurality of solar batteries is switched between series

15 and parallel connections, the control can be implemented
such that the maximum operating point can be approached.

However, in this technique, because the solar
patteries may be connected in parallel, the respective
solar batteries need to have the same maximum cperating

20 point voltage.

Further, the possible modes of series or parallel
connecticon vary depending on the number of the sclar
batteries. For example, when there are two sclar
batteries, selection must be made from two maximum

25 operating points of an all-series connection and an all-
parallel connection; when there are six solar batteries,
the selection must be made from four maximum ocperating
points.

In this case, there is the disadvantage that,

30 because the voltage differences between the respective

points are not uniform, a number of voltage sections



points are not uniform a nunber of voltage sections SP262791W00 exi st in
whi ch the voltage across term nals cannot be matched with the nmaxi num
operating point. [0008] According to the second technique for obtaining 5

t he maxi num operating point by controlling the DC-DC converter, a control
signal for a switch can be controlled such that the charg-ngiguprent to a
storage battery can be at the maxi num However, there is the di sadvant age
associated with 10 electric power loss in the DC-DC converter or electric
power loss in a control circuit such as a current measurenment circuit, for

exanmpl e. [0009): The preseptei WeMHdORdlLS kR -REAY 8i fgan 1o electric
power control apparatus, an electric power control nethod, and an electric
power feedimigcahest emtby thai Béx ithee mpaTRimeperaring point of a generating
el enent, su A5 a solar battery, can be controlled to be maintained, and
by which electri'c power |oss can be 20 avoi ded. SOLUTI ONS TO PROBLEMS
[ 0010] An el ectr irecpodengconttiod apparatashaccoediag doa@%of i rst aspect
of the present invention includes an ectric wer path switch unit
gglﬁ%ng?

| .
confi gured t8 BE*CEHAeCPEPRa™ W tHfd Iy &PPEy © ating’‘el ements, and a

vol t age convgfsi@RUnit c6QREE U £ehd10 GONekl iacHOLiAge: | evel generated by
the generating el enments and 30 supplied via the electric power path switch

unit. The et@ctrdlcegomerhpabht siwie chadsiing reFudes aofa rstorage
battery can be at the maximum.
However, there i1s the disadvantage associated with
10 electric power loss 1in the DC-DC converter or electric
power loss in & control circuit such as a current
measurement clrcuit, for example,
[00C9]
The present invention lies in providing an
15 electric power control apparatus, an electric power
contrel methed, and an electric power feeding system by
which the maximum operating point of a generating
element, such as a solar battery, can be controlled to
be maintained, and by which electric power loss can be

20 avoided.

SOLUTIONS TO PROBLEMS
[0C10)
An electric power control apparatus according to a

25 first aspect of the present invention includes an

electric powsr path switch unit configured to be

connectable with a plurality of generating elements, and

a voltage conversion unit configured to converi a

voltage level generated by the generating elements and
30 supplied via the electric power path switch unit. The

electric power path switch unit includes a first



SP262791W)00 connection swi tching function which swi tches between series
connection and parallel connection for the plurality of generating
el enents, and a second connection switching function which swtches between
5 connected and non-connected for the generating el enments connected in
series or in parallel connected to an input side of thegyolt,aggsgonversion
unit. An el ectric power control nethod according to the Pirst aspect
of present invention includes: when output 10 voltages of a plurality of
generating elenents are in a first voltage range, connecting the plurality
of generati g, fl euenl g,k BRAKal Lelc Do HIES! SGORBRELT 00 &I chi ng
function, and performng connéction swtching to a non-connected state by a
second connsztieon cbbhnswitohi agd frmctiiled swchethabtnafvol tlage | evel of any of
the output voltages of the glurali ner?tingeelenents i's not

u

t f
converted By HAGIYage E6HE ?E?%ﬁlqﬁ%ﬁéﬁt%ﬁeﬁn h& BEtPUe vol t ages of the

gener ati ng &-emuttisnasiktbrangecond ivel tagenr angechovesetham the first
vol tage 20 range, connecting the plurality of generating elements in
par al | el® byctHe T efs freoRABTEP ST CRItnGPRUABEEBAL & d* P8I %N ng

connection sW{chiag:H0,a,¢onnsctad p'%tx%tﬁle@d ng?ég&?% CONNGehi.on

switching function such that the voltage |evel i nal -stage out put

vol tage of diie 285 pher abitygef cgenersdtdrngneltements is converted by the

vol tage conversiqgn unit; and, when the out ol tages, of .th enerating
el ements are in gntﬁ??8t§%Tt%ﬁ%§§eﬁﬂﬁ%rpgmﬁg%%ﬂéna??é?éaﬂﬁmﬁf $8gtage range,
connecti ng thespladpakikt ¥ fobrgenet atdwthrelbaneatsulifs serhes e first 30
connection switching function _and_perforning connection switching to the
non- corfect & [t9&Ee OBy 2t ReUEREDRHA ©SPPE279TIWIO0° ¢ BRNRET | BTF Sl fchi ng

function suchidhalithecveliage LoysledhARKOD Lhgyoutpus vol tages of the

plurality of generating elements is not converted by the voltage conversion
unit. 5[00ldgnerating Apembettritc ppowerlefleddi ngfsystenvaesoriding to a second
aspect of the present Lavention includes.a plurallty, of generatlng elements
configured 16 geneﬁage siectri ¢ p&%er, and“an e EC%FIC powet céntr ol
apparatus to a non-connected state by a second connection
15 switching function such that a voltage level of any of
the cutput voltages of the plurality of generating
elements is not converted by a voltage conversion unit;
when the output voltages cf the generating elements are
in a second voltage range lower than the first voltage
20 range, connecting the plurality of generating slements
in parallel by the first connection switching function,
and performing connection switching to a connected state
by the second connection switching function such that
the wvoltage level of a final-stage output voltage of the
2%  plurality of generating elements is converted by the
voltage conﬁersion unit; and, when the output vcltages
of the generating elements are in a third veltage range
lower than the second voltage range, connecting the
plurality of generating elements in series by the first

30 connection switching functicn, and performing connection

switching to the non-connected state by the second



10 configured to supply the electric power fromthe generating elenents to
a |l oad side. The electric power control apparatus includes an electric
power path switch unit configured to be connectable with the plurality of
generating elements, and a voltage conversion unit 15 configured to convert
a voltage | evel generated by the generating el enents i via the
el ectric power path switch unit. The el ectric power pZQ%Zéﬁﬁﬁgﬁﬁgnit
includes a first connection switching function which swi tches between
series connection and parallel 20 connection for the plurality of

generat i ng el enents, and. a,second, connect]on suitehing, funetion which
swi t ches betWeen connéctred and non- connected 1o0r the géenerating el enents
connect ed i DeS€r i@S 0f A pacablieput ova@ndRputrsicde pluthei wpld@age
conversion unit. 25[0012] . An electric power control apparatus
accor di ng tBERIIN P SSHFBED LS 1E neC hre BT iV ERt TR YRLFYHes an el ectric
power path suwitoh i t.ngenfigured to be connectable with a plurality of
generating el enents and 30 including a function which switches between
series connéé®lon and parallel connection for the plurality of
SP262791W00 generati,ng. el nts.; chara risti r nt circuit
configured to negghﬁéegﬁfﬁgygg %%ag-%gﬁg%%%gtgi ?E%Og§€$§f$¥$10f generati ng
el ements; anpecandanigenlt viii theopttgeed twepachorimeswiitehing control of an
electric 5 power path of the electrjc power path switch unit in accordance
with a neasﬂ%%%%HF3?é§UHFnFF6ﬁfPﬂee%ﬁ§$5€iéFFgﬁﬁ8§eﬂe8§u?%ﬁﬁﬁﬁ“?ﬂ rcuit.
[0013] An elegdsic pevwer,feedi R systemaGeli RGntRc2 d0pd oddh aspect of
the present invention includes a plurality of generating el ements

confi gurled tongerisiegt dcebegerivcthowelccand avvélrectPinictpdwer contr ol
apparatus c I ed t Ly.th tri g po ! rating

el enent s togglg%%aggd&% (?e.e'ﬁ#ﬁgsei:éc%rlf%:ae%os\r/l\eg% '15%@%%%%{@%%5 rg'?%s i ncl udes
an el ectri ccpowesl patdarawiischnuhitie € ot | gurcad itco pbeecopaect ablteciwi th t he

plurality of generating elements and including .a function which swtches
bet ween ser?%gtéﬁﬁﬁéﬁygﬁﬁ afd°paf aFrets é@thoﬁaﬁop the' prirdi ity of
generating glesentis;qy a120-6Raragheri std csJeasurerentancificuit configured to

measure output characteristics of the plurality of generating elenents; and
a contriol unpPRiEBHEYFHregongeper fov el 530 e clfivivd G6REFBFedf Lant%&t ectri c power

path of the gl eelr.c. ROV pal DoSWEEGH: Uni b ih agcaidanpec wiiha 25

measur enment “resu omthe characteristics neasurenent circulit. [0014]
path switch unit. The electric power path switch unit

includes & first connection switching function which
switches between series connection and parallel

20 connection for the plurality of generating elements, and
a second connection switching function which switches
between connected and non-cennected for the generating
elements connected in series or in parallel to an input
side of the voltage conversion unit.

25 (00123

An electric power control apparatus according to a

third aspect of the present invention includes an
electric power path switch unit cenfigured to be
connectable with a plurality of generating elements and

30 including a function which switches between series

connecticon and parallel connection for the plurality of



An el ectric power control apparatus according to a fifth aspect of the
present invention includes a voltage 30 conversion unit configured to
convert a voltage | evel generated by at | east one generating elenment, a
SP262791W)00 characteristics neasurenent circuit configured to neasure

out put characteristics of the generating el enment, and nit
configured to perform MPPT control for tracking a naxi%%%ggﬁégkpﬁc power
operating 5 point of the generating elenent in the voltage conversion unit
in accordance with a neasurenent result fromthe characteristics
measurement _ciroui L., The volLage conversian uynit Ls gonfigured to conpare a
vari abl e referehce ol'tage " with t AT Vo age evel"©10 generated by the
generating elemeit cqardgpeeclotm abas gt ohudi sehaegtagi sutds tdrat t he

maxi num el ectric power operating point. of the generating elenent is
tracked in EeRcortHfce Wi PR SSCHRPEF TS N FEHSY . 2FRe2cOREFBI UHIAT i s
configured to,penf.anthe.MPPT copt £ ol kp S0k Lracki pg Lhe.qmexd mum el ectric
power operating point of the generating elenent in the voltage conversion
uni t by Suppbydngathe cdathabkectef & anoey glttagewbaseduniht thre measur enent
result fromthe, characteri stigs, nEasurenent, qf rout,, 20[ 0015] An

el ectric power Tee ing systemaccording to a sixth aspect of the present

i nventi on i ficd tges btz tlieaste oner geset atigiiel.ement configured to generate
el ectric power, and an electric power control apparatus 25 configured to
supply the ePectric power fromthe generating elenent to a | oad side. The
el ectric power CoRf Lokcappargtiisr | MG LGRS <§svakt 888,£0NVENS! Qn unit
configured to convert a voltage | evel generated by the generating el enent;
a char ddt er fetigs arsaslr effrehbe 30r ¢4 e nveorfioguiedl tée freasur e out put
characteristics of t nerating el enent.; .a control unit configured to
SPP6270 V000 et 1 G VB COALr BT ot Tk NG S aai FrTeTECi T ¢ power
operati ng pelatt.ofc theegenenat #mge steneint dowetrheovokt agepcammerssi on unit in
accordance with a neasurenent result fromthe characterijstics neasurenent

circuit. The®H \B1esyé cSHVBFE 0RE uni %5 CHRFFGured™t o'"Conpare a vari abl e

reference voltage mid hithenvol tage |evelsigenerated: by-4.he geperating .
el ement, and perform charging or discharging such that the nmaxinmumelectric

power oper atdmigr Poianrask tihelgehedat i 41y LlegiArsppger path switch
unit configured to be connectable with the plurality of
generating elements and including a function which
switches between series connection and paraliel
connection for the plurality of generating elements; a
20 characteristics measurement circuit configured to
measure output characteristics of the plurality of
generating elements; and a control unit configured to
perform switching control of an electric power path of
the electric power path switch unit in acceordance with a
25 measurement result from the characteristics measurement
circuit.
[0014]
An electric power control apparatus according to a
fifth aspect of the present invention inciudes a voltage
30  conversion unit configured to convert a voltage level

generated by at least one generating element, a



10 tracked in accordance with a conparison result. The control unit is
configured to performthe MPPT control for tracking the maxi numelectric
power operating point of the generating elenment in the voltage conversion
unit by supplying the variable reference voltage based on the 15
measurenent result fromthe characteristics neasurenmendp GifGuihgq[ 0016]

An el ectric power control apparatus according to a seventh aspect of the
present invention includes an 20 electric power path switch unit configured
to be connectable with a plurality of generating el enents and including a

function which.swidghes befueen Series.connectbop; gnd.paral l el connection

for the plurality of generating elenents, and a bacCkfl ow prevention circuit

25 di sposednéarsare eluggtiti chpoweresiupplas ldinéhkopesappt yiiaig out put el ectric

power fromthe electric pome#¥gfgg}smjth.unit tg a égﬁ%ﬁg E%ncluding a
ow

function whi cHPHevént's 2back oM 644 ST dEC wheh A potent i al of the

| oad si de isohighersdrhanaakped entialirefn thecekeet pbee B0 poverirsuppl y i ne.
[0017] SP262791W00 An el ectric power_ feeding systemaccording to
an ei ghth a&pect f e Ipreseht g MAsmadn IPnchades e % urality of |

generating el gnent:s, configuped-to-gener afiepehepbt LG DOWRS randan el ectric
power control apparatus 5 configured to supply the electric power fromthe

gener at i ng Bfewerits dherackeads side. meHmisiectr cérpower Gostrol appar at us

i ncl udes an %!ectric ower gath.gmﬂtch %pitrc n%iguged 10 be connect abl e
with the plUraid%dsy GF GénRarat 'y el ereit's %4hd i nel Gding 2 T uncti on which 10
sSwW t ches betawemiseri-gsrepnaectliyand (parakl ebicagaerd+an for the
plurality of generating elenents, and a backflow prevention circuit

di sposéd i P& S Pivc tpBwer Siipt AP 1578 ér &UPPPST Ny dut put el ectric

power from the electyd g;RONeL,pat Ny s teh Rkt L9xanl@adh and-115 including a
function which prevents backf?om/fron1the | oad side when a potential of the
| oad side imcvimghererehansarpotem | dihofodritgadliact £ienponwers supply |ine.

[0018] An el ectyd £ ;ROMRLCOLLO!, ARPA A YIS, 3GERLAL 09,10, A ne

control unit is configured to perform the MPPT contrel

15 for tracking the maximum electric power cperating point
of the generating element in the voltage conversion unit
by supplying the variable reference voltage based on the
measurement result from the characteristics measurement
circuit.

20 [0015]

An electric power feeding system according to a
sixth aspect of the present inventicn includes at least
one generating element configured tc generate electric
power, and an electric power contrcl apparatus

25  configured to supply the electric power from the
generating element to a lcad side. The electric power
contrel apparatus includes a voltage conversion unit
configured to convert a veltage level generated by the
generating element; a characteristics measurement

30 circuit configured to measure output characteristics of

the generating element; and a control unit configured to



20 ninth aspect of the present invention includes a backfl ow prevention
circuit including a function which prevents backflow froma | oad side when
a potential of a load side is higher than a potential of an electric power
supply line, a limt circuit configured to supply 25 electric power froma
generating elenent to an electricity storage el enent 2662I7%%5bde for
charging the electricity storage el enent, and be capable of Timting the
supplied electric power, the limt circuit limting the electric power
supply such that a voltage 30 supplied to the electricity storage el enent
is |lower than ful J-char I a control unj 262791W00
configured o Oé:rmn‘iﬁrlfaP?e%Fﬁgr%gciﬁggﬁﬁ%%g\? nt%i %%X Iﬂ%%t%%encéflzct he backf!| ow
preventi on miwelidpadaennbhecehecsf i thepawererstippbyei sméttmiredHay the limt
circuit. [0019 An el ectric, power feedi ngéﬂst em according to a

tenth aspectCdfPIhEPreSEnt™i mrent bt I1ECGaes eastebHE Ferér at i ng

el enent confdgured 1@ gereralesel LctdicPoaMRELaREn AN elact | CTRewer
control apparatus configured to supply the electric power fromthe 10

gener at iong & ldmsmt aoavareead shide. isTherdligetredc tpowerPeionta ol appar at us

i ncl udes a Kf l-ow_pr- Lopn, £i it .dn di u i-on which prevents
bkl o rRRSCH A REY AL o %9%56{15% TLHikna 8. Lunehl on e oh | gher
than a pot ericalatefd ay ehecteherpowey <Supehy,| ene; parddrdimt circuit
configured to supply the electric power fromthe generatjng el enment to an
el ectri ci t y"RASHAFe %8l Ensht> 0% th ‘i‘%‘a&hﬁ’itdénﬁo?‘aghr&‘f’_&iﬁge g%l ectricity
storage el ety ARdRengapabhe of didnddRgathessupphéets electric power,
the limt circuit limting the electric 20 power supply such that a supply
vol t age-™ o #IRC ke dty PEFPY 3T o diiet el fEfPairs speweeSEhan alful | - char ge

vol t age; a n I i i r.m e ow prevention
function o%rﬁer%cbiaéjﬁlgltogvgp%g\q/gg %%\H gt:j‘)r ép%r:f%\?\ﬁegﬁ% hbé]g%ee%%ﬁs{:ﬁpomr supply
is limted by tthe25 ki mhe caxouit .ee0020c power opwvratisct o nower control

appar at us accor ding to an el event ht aspect of tthe present .invention includes
an el ect ri &Pt PAEROWECRLURTT ConiGur@d tEee be 30 Corfbetsl & wi th a
plurality ofy gengratingg teketent soand-d Meludiengoa: E4OCHA O WY elreswi t ches
bet ween series 4
15 measurement result from the characteristics measurement
circult.
[CO16]
An electric power control apparatus according to a
seventh aspect of the present invention includes an
20 electric power path switch unit configured toc be
connectable with a plurality of generating elements and
including a function which switches between series
connection and parallel connecticn for the plurality of
generating elements, and & backflow preventiocn circuit
25 disposed in an electric power supply line for supplying
output electric power from the electric power path
switch unit to a load and inciuding a function which
prevents backflow from a lcad side when a potential of
the load side is higher than a potential of the electric
30 power supply line.

[0017]



SP262791W00 connection and parallel connection for the plurality of
generating elenents, and a limt circuit configured to supply electric
power fromthe generating elenents to an electricity storage el enent on a

| oad side for charging 5 the electricity storage el enment, and be capabl e of
limting the supplied electric power. The |imt circuiz?' 7%g%figured to
limt the electric power supply such that a supply vol é%% o "tH
electricity storage element is lower than a full-charge voltage. 10[0021]
An el ectric power feeding systemaccording to a twelfth aspect of the

present invention includes a plurality of generatin | ements configured to
Cenerate ol oot ri Comater Tanar B oIS YO COREPET oot e 15

confi gur ed 4 oy:supplsypethe cgl esbriee poveridicomibheigengsat iag el enents to a
| oad side. The electric power control apparatus includes an electric power
path swit chPuialidonPitgdregrieine LoHfettsablcd witRefhe® pIealdsy of

generating & aments and.i nohyding A Junct i:on.whiche 20; suit.ehes, bet ween

series connection and parallel connection for the plurality of generating
el enent s, amehf@dumsdt tei sopplycond | guaed itco peouppl §rohetled ectric power from
t he generati nr?ehelterrent to_an gl ectlricoi ty. gtorage | ement. on the | oad side
for chargi n%e i el éct ief:ﬂFFySZ ° st oroaage el“&rien ,ea@naecbé:lé:agé)bvleé of limting
a supply votéagel Ehealbriut chéTudds ia canfdtgucedotior| pain oldage supply
such that the supplfy vol ta%e to the electricit storage el enment_is | ower
than a ful |YeHargeiiorEade Fo30F 0027 Afrelfe dttific thBwRF M ebht Tol° fappar at us

accor di ng tg. 4 -SR2627291M000,t bis t eent by aspect: .0kt be present invention
i ncludes an electric power path switch unit configured to be connectabl e

wi th alpl uraditghesf bgamerat Faglied emants-tard: iendl pdicagial function which

switches betyeen. series 5 gonnection and paralLel copnection for, the
plurality of generating el emeht §° %3 Voltagde "conversi on tni t ’cor?fdl gured to

convert a voldage evelegener ah edhi by ttheligenekdt tngael €ment-siand suppl i ed
via the electric power path switch unit; and a control unit configured to
10 per f or mRMEGITFFCINtH-8F G~ sUpP YAy éetti 81p6Wet© fiBifit he generating
el ements togal, ehctniCity storage. alrenent-conua;:koad side bysperform ng

switching control of the electric power path switch unit. The control unit
15 including a function which prevents backflow from the
load side when a potential of the lcoad side is higher
than a potential of the electric power supply line.
(001873
An electric power contrcl apparatus according to a
20  ninth aspect of the present invention includes a
backflow prevention circuit including a function which
prevents backflow from a load side when a potential of a
leoad side is higher than a potential of an electric
powaer supply line, a limit circuit configured to supply
25 electric power from a generating element to an
electricity storage element on a load side for charging
the electricity storage element, and be capable of
limiting the supplied electric power, the limit circuit
limiting the electric power supply such that a wvoltage
30 supplied to the electricity storage element is lower

than a full-charge voltage, and a control unit



is configured to performswtching such that, when a 15 voltage of the
electricity storage elenent is equal to or less than a certain voltage, the
el ectric power is directly supplied fromthe generating elenents to the
electricity storage el enment, and when the voltage of the electricity
storage elenent is equal to or nore than the 20 certaigragtocagepooper ati ng
vol tages for the electric power path switch unit, the voltage conversion
unit, and the control unit can be obtained fromthe electricity storage

el enent. [0023] 25An electric power feeding systemaccording to a

fourteent h aspect.rell therpreseste | 1heeMacaE LbnCbudesnai b ufalddiynof
generating el enents configured to generate electric power, and an electric
power cont rof HiFpRA&KGs CEoRFPYER ePt ¢idpplty “PRE ElFRcEt§<CPdner from the 30

generating elements to asl ead; side,, The eliegtric .power control apparatus
includes an electric power path swtch SP262791W00 unit configured to be

connect abl el#it®h the plurality of generating elenments and including a

function which sggtc?ggtggémqgﬂﬂ§%gé%% connection_and Q@r%kj%] connecti on

for the pluralityno? génerating el’eéments; a°~ e@o??%@ﬁg%é%ver5|on uni t

confi gured tentconveettac¥othagerdevel igereravedibylthdhes genearaisitng el enents
and supplied via the electric power path switch unit; and a control wunit
confi gured % PEFESAM-BAaRGFRY & o957 s iApPFTRGE the2 ¥ EctS ¢ power from

the generating..el ements Lo.the;d0,d.Qad cs;in%o@yagsamm ng switching control
of the electric power path switch unit. The control unit is configured to

conpare an $mplitgurekit dgesdnely othihes lfeiariat cnges| énentshsvi th a chargi ng
| t f initial_. ' | yi th | t
voitage 0 e*}a%zja‘%%%gag%ﬁgﬁﬁo%“é rh'tooa{cf‘ﬁé%]@"’.‘r 9Hd ﬁeﬁgﬁ%t %‘o@gr e vortage

15 due to the generating el enents oad Si € I'nput vol tage
i s higher. MWhenrdhepehargi:ngivol tdge bhecares chi gheret i tdie-duiput vol t age

as a result of the initial charging, the control unit sw tches operating

vol t ages f o4 iefeét Frehoter h BERVEEH SURPERT RS 2PV oilt%age conversi on
unit, and the contkoknupi & Fremthe Wi tageidde toqthes genarating el enents

to the charging voltage on the | oad side.

than a potential of an electric power supply line; a

15 limit circuit configured to supply the electric power
from the generating element to an electricity storage
element on the load side for charging the electricity
storage element, and be capable cof limiting the supplied
electric power, the limit circuit limiting the electric

20 power supply such that a supply voltage to the
electricity storage element is lower than a full-charge
voltage; and a control unit configured to terminate the
backflow prevention function of the backfleow prevention
circuit when the electric power supply is limited by the

25 limit circuit.
[0020]

An electric power control apparatus according to
an eleventh aspect of the present invention includes an
electric power path switch unit configured to be

30  connectable with a plurality of generating elements and

including a function which switches between series

11



[0024] An electric power control apparatus according to a 25 fifteenth
aspect of the present invention includes an electric power path unit
configured to be connectable with a plurality of generating elenents with
different rates of change of a voltage with respect to illum nance or
tenperature, and a voltage conversion unit configured 30 4:0.cqnv¥ert a

vol tage | evel generated by the generating elenments and supplied via the
el ectric power path unit. SP262791WO00 The el ectric power path unit is
configured to connect the generating elements with a |arge rate of change

of the vol tage dQitbhe %8l L2981 CONVESSIQN (WAl ko rand. Pyt t41e; gengr ati ng
elements with a small rate of change of the voltage to a non-connected

state with gespadtintocthrenddt agyed corvarsi earaniit. cpobRB] emh tel ectric power

feedi ng system-.according .t i ent.h £t ent._i_nvention

i ncl udes afﬁﬁxb}hﬁg FF§98f8%@%§fécﬁhgh§Ig%%%%étﬁpghgg?ﬁ%gg%ﬁf)F%tes of

change of aMoltragetw thorespecledant ldnual Nandesodet eopertaturieg and an

el ectric power control apparatus configured to sugglg ele%%ric power from
REDowEt

the gener atiHy SHeEMBALS TY 05 PTTHY SITE *ThE 8| BEL control 15

apparat us ingliudes apcekeshiiLq povertpat houpi-t canf ixguriedtiecherconnect abl e
with the plurality of generating elenents with the different rates of

change of t¥e culftageeni th Féspectha eledtaptnancer ofusRiperdtiure, and a
vol tage ComvhertSIaogu:égg‘% configured Lo %qe.%%@iﬁ% 351‘!8{5%@9@1_'@%‘@% gener at ed
it n suppl'i & &

by the genefating’e ts an ed viat | ectriT power path unit.
The el ectrits pewer path anftlisciconfd guwledgkeo connect the generating
elenent%\M{éhéﬁﬂeuge rate of change of the voltage to the voltage

i“on ,

conver gi and out the
An electric power feeding system according to a

twelfth aspect of the present invention includes a
plurality of generating elements configured to generate
alectric power, and an electric power contrel apparatus

15 configured te supply the electric power from the
generating elements to a locad side. The electric power
control apparatus includes an electric power path switch
unit configured to be connectable with the plurality of
generating elements and including & function which

20 switches between series connection and parallel
connection for the plurality of generating elements, and
a limit circuit configured to supply the electric power
from the generating elements to an electricity storage
element on the load side for charging the eleciricity

25 storage element, and be capable of limiting a supply
voltage. The limit circuit is configured fto limit
voltage supply such that the supply voltage to the
electricity storage element is leower than a full-charge
voltage.

30 [0022]

An electric power contrcl apparatus according to a

12



25 generating elements with a small rate of change of the voltage in a
non-connected state wth respect to the voltage conversion unit. EFFECTS OF
THE | NVENTI ON 30[ 0026] According to the present invention, the nmaxi num
SP262791W)00 operating point of a generating elenment such as a sol ar
battery can be controlled to be maintained, and el ectrdg powarchess can be

avoi ded. 5 BRI EF DESCRI PTI ON OF DRAW NGS [ 00271 Fig. 1 is a diagram
showi ng an exanple of an overall configuration of an electric power feeding
system according to an enbodi nrent of the present 10 invention. Fi g.

2 is a di agramshowmngsagcequevahent Lddiuish,«@h-ac80k AF1 pQVersgeneration
panel as a generating elenent according to the present enbodinent. Fig. 3

is a di agramstowingorgrr eathveviage UE clhandéterkpst tesbof a general sol ar
battery. commedil G 4 1S, a_ di agr show ng_a nfig | on exanple of an
ol ect ] oi ty SHH ARSI Eroht > aRaor i T L ChE hrSLait et e

Fig. 5 Is aitkhgtiam shawhngian confdlgunaticors20eexaapl eeofeda power switch
circuit according to the present.  enbodi ment is a first

p nt . Fig. 6
figure of eXEs G 2Pt PRF RS of %ﬁ%ﬂﬁqﬁ%?npéﬁértBﬁtB%g¥%% Yy the power
switch circiite QftiFiec18merdEl 02 ol s0eQRd:fbgungi©f exanples of

patterns
configured toc convert a voltage level generated by the
generating elements and supplied via the electric power
' path switch unit; and a control unit configured to

10 perform charging control by supplying electric power
from the generating elements to an electricity storage
element on a load side by performing switching control
of the electric power path switch unit. The control unit
is configured to perform switching such that, when a

15 woltage of the electricity storage element is equal to
or less than a certain voltage, the electric power is
directly supplied froem the generating elements to the
electricity storage element, and when the wvoltage of the
electricity storage element is equal to or more than the

20  certain voltage, operating voltages for the electric
power path switch unit, the voltage conversion unit, and
the control unit can be obtained from the electricity
storage element.
[00231

25 An electric power feeding system according to a
fourteenth aspect of the present invention includes a
plurality of generating elements configured to generate
electric power, and an electric power control apparatus
configured to supply the electric power from the

30 generating elements to a load side. The electric power

control apparatus includes an electric power path switch

13



of the electric power paths formed by the power switch circuit of Fig. 5.
Fig. 8 shows a truth table of gate voltages of switches for controlling the
el ectric power path of the 30 power switch circuit according to the present
enbodi nent. SP262791W00 Fig. 9 is a diagramshowing the flow of electric
power through an electric power path PTA selectively fqreddhycbhe power
swtch circuit according to the present enbodinent. 5Fig. 10 is a diagram
showi ng the flow of electric power through an electric power path PTB
selectively formed by the power switch circuit according to the present

enbodi ment ., Hig.cokk ilys raqdi 8gsam shawing ithe : Ehow, of , gl ectirie KO power
through an electric power path PTC selectively formed by the power switch
circuit acctAdusg g ehenpresednd drodidnsst 8 Fgetioniwhicidi agr am show ng

the f1ow of..ele6LiJ 6 bouel Liyough.an. ol aetr Le.POWeL, paih PTD sel ectively

r
15 formed by t power swtch circuit according e present enbodi nment.
Fig. 13 is @rdieagriam showt:hg phe-41iow off ekeetrrttnpowesndrhrsgugh an el ectric

power path PTE selectivelx f or med bigghe power switch circuit according to
the 20 pr esERRCBHoGATIHEAEL OFi i 149 & Ui Ao AnF SREW ho* 1 A%w of
el ectric powsseit hf0ughan Bl eetd i foROVERS: rRAbhRIF: seheetdmaly dor med by the
power switch circuit according to the present enbodi nent.
via the electric power path switch unit; and a control
unit configured to perform charging control by supplying
the electric power from the generating elements tc the
10 load side by performing switching contrel of the
electric power path switch unit., The control unit is
configured to compare an input voltage due to the
generating elements with a charging voltage of the load
and perform initial charging by supplying the voltage
15 due to the generating elements to the load side when the
input voltage is higher. When the charging voltage
becomes higher than the Input voltage as a result of the
initial charging, the control unit switches coperating
voitages for the electric power path switch unit, the
20 voeltage conversion unit, and the control unit from the
veltage due to the generating elements to the charging
voltage on the load side.
[00247
An electric power control apparatus according to a
25 fifteenth aspect c¢f the present invention includes an
electric power path unit configured to be connectable
with a plurality of generating elements with different
rates of change of a voltage with respect to illuminance
or temperature, and a voltage conversion unit configured
30 to convert a voeltage level generated by the generating

elements and supplied via the electric power path unit.



25Fig. 15 is a diagramshow ng the flow of electric power through an

el ectric power path PTG selectively fornmed by the power swtch circuit
according to the present enbodi nent. Fig. 16 is a diagram show ng
the flow of electric 30 power through an electric power path 9TH
selectively fornmed by the power switch circuit accordi 6t2°i9t1%%oo
SP262791W00 present enbodinent. Fig. 17 is a diagramshow rig the fl ow of
el ectric power through an electric power path PTlI selectively forned by the
power switch circuit according to the 5 present enbodinment. Fig. 18 is a

di agram show ng the f.low of el ectric. power. th h.ap_electri.c power path
PTJ sel ecti&\(/\%a'”:f)g}e eoc‘racr%’:él“& ﬁ)?wgﬁep%%gwe%m‘s%Jtscﬁotéﬁzrlgﬁig?dag%o%%é\egc opt he plroesent
enbodi nment . tHOFRjhe ) iing aldnagtam sttow ng richke rklkkews of ciedept rdfL power

t hrough an el ectric power Qath PTK sel ectively forned ba/ t he power swtch
circuit accotiff 1% e presént FafbodihETE o8 §P120 #8° PHi m showi ng

the flow of electrig Lo-pawet §hrough-aneleckrbeé PAYESe Pat NH2TL

sel ectively formed by the power switch circuit according to the present
enbodi mént .veltage tH g n2i-tPhustireal estatvatiitthe rrarefuntel €t ri c power can
be obtained fromthe generating. el ements 20(sol ar batteries) by selecting

tage C . .
one of the electtic power patlﬁs regardl ess of illum nance or tenperature.
Fig. 22 is paizgram show ng el ectric power paths and el ectric power
efficiency on an il lum nance basis.

An electiric power feeding system according to a

sixteenth aspect of the present invention includes a

1¢  plurality of generating elements with different rates of
change of a veoltage with respect to illuminance or
temperature, and an electric power control apparatus
configured to supply electric power from the generating
elements to a load side. The electric power control

15 apparatus includes an electric power path unit
configured to be connectable with the plurality of
generating elements with the different rates of change
of the voltage with respect to illuminance or
temperature, and a voltage conversion unit configured to

20  convert a voltage level generated by the generating
elements and supplied via the electric power path unit.
The electric power path unit is configured to connect
the generating elements with a large rate of change of
the voltage to the voltage conversion unit, and put the

25 generating elements with a small rate of change of the
voltage in a non-connected state with respect to the

veltage conversion unit.
EFFECTS OF THE TINVENTION

30 [0026]

According to the present invention, the maximum

i5



Fig. 23 is a diagramshowng a first function 25 exanple of a
characteristics nmeasurenent circuit according to the present enbodi nent.
Fig. 24 is a diagram showi ng a second function exanpl e of the
characteristics nmeasurenent circuit according to the present enbodi nent.
30Fig. 25 is a diagram showi ng el ectric power paths selected by,gperation
state determ nation on the basis $9262791WO00 of an open voltage Vop when
two generating elenments are performng a generating operation with
virtually no shades. Fig. 26 is a diagram showi ng a process where

the 5 two t.i.ng. el S .Qrm a.ge ti ration

al t hough mﬁﬁﬁgéqﬁégk?%ﬁ§3?957aﬁisagﬁ%ggﬁgﬁggﬁgﬁgnSséﬁé%?%?%ﬁgéﬁér pat hs
sel ect ed byvdihempernat bencstatel det eraricratiadmtaenntie dbasislaftdime open

vol tage Vop when .the two genera;'n 10 el enments have different generating
operation StAt%s. g S Fsaﬁpﬂ%ﬁgTan1shomﬁng el ectric power paths

sel ected by the operation state determ nation on the basis of the open
vol t age Vop when one of the two generating elenments is not in a generating

oper ati on IBIStFatt@ bkt PEABNoPhe?R4%6INGY a generating operation state. Fig.

29 is a di agr@m,;showi ng el ectric power paths selected by the operation

state determ natiion by the open voltage Vop when only one of the two

generating el emretig.i 8 ¢onaedizmrkan?Ficgin80anseaaspht eofd reansi ti on di agram
i||UStratirgLerall configuration of an electric power feeding
system according to an embodiment of the present

10 invention.

Fig. 2 is & diagram showing an eguivalent circuit
of a solar power generation panel as a generating
element according to the present embodiment.

Fig. 3 is a diagram showing current-vcltage

15 characteristics of a general socolar battery,

Fig. 4 is a diagram showing a configuration
example of an electricity storage element according to
the present embodiment.

Fig. 5 is a diagram showing a configuratiocn

20 example cf a power switch circuilt according to the
present embodiment.

Fig. 6 is & first figure of examples of patterns
of electric power paths formed by the power switch
circuit oleig. 5.

25 Fig. 7 is a second figure cof examples of patterns
of the electric power paths formed by the power switch
circult of Fig. 5.

Fig. 8 shows a truth table of gate voltages of
switches for controlling the electric power path of the

30  power switch cilrcult according to the present

embodiment.
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a deternmination as to whether the generating elenents are in a generating
operation state. Fig. 31 is a state transition diagram illustrating
a determnation as to which electric power paths are in 25 operati on when
the two generating elenents in state Si are both in a generating operation
state. Fig. 32 is a state transition di agram i ldsesbrratizpgoa

determ nation as to which electric power paths are in operation when one
generating elenent (SCl) in state S2 30 is in a generating operation state.
Fig. 33 is a state transition diagramillustrating SP262191W00 a

determ nation asrtg.wWhi ch el eciddLn ROWeE ngaths arewidy opesatiien when one
generating elenment (SC2) in state S3 is in a generating operation state.
Fig. 34 is mWarokenarehi prusteatiify Haved Ba§PnpFif FeteTaritfdry a process of

sel ecting tébem%'de%g itﬁepgéé‘%rp@&ih:&{ N,k esul.L,of; fpasuring a

short-circuit current and an open voltage. Fig. 35 i1s a first flowhart
concr et el y pddsestir abhbngithet process sel ecting the electric power 10 path

f th It aqf ' h hort - ci, ' t d th
vol tages o Fig BB 1B SURBI FIOREHAT E EoneTerel v FITOSErati ng the

process of sglgctinrgutieas! eTéstici paweierpabnf Pom tdeesestdity of measuring
the short-circuit 15 current and the open voltage. Fig. 37 is a

. ge. .
third fl owchartecc ScFBEePYWRT | BEt T iHGCHAE BFEEESENDIESEcting the
el ectric powerspath, frgmthe result of nmeasuring the short-circuit current
and the open voltage. 20Fig. 38 is a fourth flowhart concretely
illustrating theFppocéssiofasélaptamghrhenel eser Feopoviers ysatthrifr om t he

result ,qf measuring Lhe shorl Glrouil, Gyrient, and LDe. OpefL NPl tage.
formed by the power switch circult according te the
present embodiment.

Fig. 12 is a diagram showing the flow of electric
power through an electric power path PID selectively

15  formed by the power switch circuit according to the
present embodiment. |

Fig. 13 is a diagram showing the flow of electric
power through an electric power path PTE selectively
formed by the power switch circuit according to the

20 present embodiment.

Fig. 14 is & diagram showing the flow of electric
power through an electric power path PTF selectively
formed by the power switbh clireuit according to the
present embodiment.

25 Fig. 15 is a diagram showing the flow of electric
power through an electric power path PTG selectively
formed by the power switch circuit according toe the
present embodiment.

Fig. 16 is a diagram showing the flow of electric

30 power through an electric power path PTH selectively

formed by the power switch circuilt according to the

17



Fig. 39 is acircuit diagramof a first 25 configuration exanple of a
characteristics nmeasurenent circuit according to the present enbodi nent.
Fig. 40 is a diagram showi ng 1-V characteristics obtained by sinulation by
diverting a capacitor in a step-up circuit in the characteristics
measurenent 30 circuit according to the present enbodigmerdzkiwgoodl is a
circuit diagramof a second 3P262791W00 configuration exanple of the
characteristics neasurenent circuit according to the present enbodi nent.
Fig. 42 is acircuit diagramof a third configuration exanple of the
charact eri sficsreasybamRehtd Ccircuit according to the present enbodi ment.
Fig. 43 is a circuit dlagran1of a fourth conflguratlon exanple of the
characteristics fedsufénehit? ciitdia™ SCCHEEPnE Eo™tRE pF St *étbodi nent .

Fig. 44'55§b&éfQ#k%ughalﬁaglgét@1&%ﬂﬁ&§1%a%@ eonf Lgusatian exanple of a
transm ssi on gate of the characteristics neasurenent circuit of Fig. 43.

Fig. 45 is %DHMEU&anﬁQhompwgraSElhﬂtaﬂn@Wlﬁegabprdbﬁalﬁ@dﬂby t he
charact%rlstlcs gnent CIrCUIt of Fig. 43. 15Fig. 46 is a circuit
con

di agr am™of B pasic |gurat|on exanpl e of a step-up type sw tching

regul ator as a valibagescosversiafrdinishoacegr dhagrlowtdhe qreesent: enbodi ment .
Fig. 47 is a diaqran1lllustr§tlgg g'bQEEC Zghog%gatlggcggvéﬁe step-up type
sw t chi ng ﬂé@ﬁpﬁ ough an electric power pa se N

formed by the power switch circuit according to the

present emboediment.

10 Fig. 19 is a diagram showing the flow of electric
power through an electric power path PTK selectively
formed by the power switch circuit according to the
present embodiment.

Fig. 20 is a diagram showing the flow of electric

15 power through an electric power path PTL selectively
formed by the power switch circuit according to the
present embodiment.

Fig. 21 illustrates that the maximum electric
power can be obtained from the generating elements

20 (solar batteries) by selecting one of the electric power
paths regardless of illuminance or temperature.

Fig. 22 is a diagram showing =slectric power paths
and electric power efficiency on an illuminance basis.

Fig. 23 is a diagram showing a first function

25  example of a characteristics measurement circuilt
according tc the present embodiment.

Fig. 24 is a diagram showing a second function
example of the characteristics measurement circuit
according to the present embodiment.

30 Fig. 25 1s a diagram showing electric power paths

selected by operation state determination on the basis

18



Fig. 48 is a diagramillustrating an operation of the step-up type
swtching regulator of Fig. 46. Fig. 49 is a circuit diagramof a
configuration exanple of a step-up type switching regulator with a 25
detection systemfor detecting a change in the operation frequency of a PFM
control unit of Fig. 46. Fig. 50 is a diagram idgustrationg
variations of the |-V characteristics of the generating elenents (solar
batteri es) depending on tenperature changes. 30Fig. 51 is a circuit diagram
of a basic configuration exanple of a step-down-type sw tching

3P262791\W000¢ raﬁglap%howoaﬁagev%é ageeC ONL LehaRaUNhY AC&Rs i NGirto the
present enbodinment. Fig. 52 is a circuit diagramof a configuration
exanpl e of ZebEERTNGwapeevertt oy Rt cdc dof-di HrEBa5l Y HeP present

enbodi ment . _ Fig. 53 is a circuit diagramof a configuration exanple

des. Do . . : .
of a current?%ér%age limt circuit according to the present enbodi nent.
Fig. 54 is a fl owdhar £6i Lsustdadgmgn ahconvienakl piOcebargiawye comt rol by an

el ectric power control apparatus accordi to the present. enbodi ment. Fi
55 sho ah“@%éﬁﬁf%aﬁﬁnﬁhg?ﬁm??ﬁFc%??éﬁ?%%ﬁpﬁgaealgﬁ????ﬁf%ﬁrcuit accord?ng

to the presgnd-anbedi-neRbuts @isposediaot just in an output 15 stage but
also in an input stage of the electric power control apparatus.
Fig. 27 is a diagram showing electric power paths
selected by the operation state determination on the
basis of the open voltage Vop when the two generating

10 elements have different generating operation states.

Fig. 28 is a diagram showing electric power paths
selected by the operation state determination on the
basis of the copen voltage Vep when one of the ftwo
generating elements is not in a generating cperation

15 state but the cther 1s 1n a generating operation state.

Fig., 29 is a diagram showing eleciric power paths
selected by the operation state determination by the
open voltage Vop when only one cof the twe generating
elements 1s connected.

20 Fig. 30 is a state transition diagram illustrating
a determination as to whether the generating elements
are in a generating operaticn state.

Fig. 31 is a state transition diagram illustrating
a determination as to which electric power paths are in

25 operation when the two generating elements in state 31
are both in a generating operation state.

Fig. 32 is a state transition diagram illustrating
a determination as to which electric power paths are in
operation when cne generating element (SCl) in state 82

30 is in a generating operation state.

Fig. 33 is a state transition diagram illustrating

19



Fig. 56 is a diagramillustrating different rates of change of voltage
(open vol tage or maxi mum operati ng point voltage) with respect to

i I l'um nance depending on 20 the type of solar battery. Fig. 57 is a
diagramillustrating a node of connection in a case where different types
of solar batteries are used. 25 MODE FOR CARRYI NG OUT ciHE -HNVYENFEON [ 0028]
In the follow ng, an enbodi nent of the present invention will be described
with reference to the drawings. 30 1. Overall -configuration of electric
power feeding system 32262791WO00 2. Configuration exanple of generating

el ement 3. 5 Cfd.QUrakien sxampl.e, ofn eliectkriic F:Mwé% ofages el.enent 4.
Configuration exanple of electric power contro

operation when cne generating element (3C2) in state 83

is in a generating operation state.

Fig. 34 is a flowchart illustrating in a

5 simplified manner a process cf selecting the electric
power path from a result of measuring a short-circuilt
current and an open voltage.

Fig. 35 is a first flowchart concretely
illustrating the process selecting the electric power

10 path from the result of measuring the short-circuit
current and the open vcltage.

Fig. 36 1is a second flowchart concretely
illustrating the process cof selecting the electric power
path from the result of measuring the short-circuit

15 current and the open voltage.

Fig. 37 is a third flowchart concretely
illustrating the process of selecting the electric power
path from the result of measuring the short-circuit
current and the open voltage.

20 Fig. 38 is a fourth flowchart concretely
illustrating the process of selecting the electric power
path from the result of measuring the short-circuit
current and the open voltage.

Fig. 39 is a circult diagram of a first

25 configuration examplie of a characteristics measurement
circuit according to the present embodiment.

¥ig. 40 is a diagram showing I~V characteristics
obtained by simulaticon by diverting a capacitor in a
step-up circuit in the characteristics measurement

30 circuit according to the present embodiment.

Fig. 41 is a circuit diagram of a second

20



apparatus 5 4-1. Configuration exanple of power switch circuit (electric
power path switch unit) 4-2. Configuration exanple of characteristics
measurenent circuit and control of electric power path based on result of
characteristics nmeasurenent 10 4-3. Concrete configuration exanple of
characteristics nmeasurenment circuit 4-4. Concrete confdguatdignogxanpl e of
vol t age conversion unit 4-5. Configuration exanple of backfl ow
prevention 15 circuit 4-6. Charging control 4-7. Overall charging contro
S. Case where different types of solar battery are used [0029] 20 <1.

Overal |l configuralion of -€Lecisior pQuer.f-68di-ng: sYSL &Mk Grerkrshows an
exanpl e of an overall configuration of an electric power feeding system

accordi ng tolaznienkodiorgatgofotiee presenmtt iempentinent 25[ 0030] The
el ectric power feeding,system10 i.ncludes a pl.uraljty,of generating
el enents 20-n (nq‘@g %% fﬁeap?ie%ceunr]c éiur%ﬁgéfiﬁe%g)? !ékﬁ*%ﬁl ectric power control

appar at us 3&yna@ngd:ranieheekbinsi ¢ Yo Stiotaagthelzenent s 40casnemjrendhtconst i t uent
el ements. The electric power feeding system 10 al so includes 322627 91WO00
a t her mivst ot B iCoRreCE8dnF ot ¢ e eI H&@ISTE FOREF -8Rt rol apparatus 30.

Fig. 43 is a circuit diagram of a fourth
configuration example of the characteristics measurement
circuit according tb the present embodiment.

Fig. 44 is a circuilt diagram of a concrete

10  configuration example of a transmission gate of the
characteristics measurement circuit of Fig. 43.

Fig. 45 is a diagram showing a simulation result
obtained by the characteristics measurement circuit of
Fig. 43.

15 Fig. 46 is a circuit diagram of a basic
configuration example of a step-up type switching
regulator as a voltages conversion unit according to the
present embodiment.

Fig. 47 is a diagram illustrating a basic

20  operation of the step-up type switching regulator.

Fig. 48 is & diagram illustrating an operation of
the step-up type switching regulator of Fig. 46.

Fig. 49 is a circult diagram cof a cenfiguration
example of a step-up type switching regulator with a

2% detection system for detecting a change in the operation
frequency of a PFM control unit of Fig. 46.

Fig. 50 is a diagram illustrating variations of
the I-V characteristics of the generating elements
{solar batteries) depending on temperature changes.

30 Fig. 51 is a circuit diagram cf a basic

configuraticn example of a step~down-type switching
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[ 0031] The el ectric power feeding system 10 is configured to charge
(store electricity in) the electricity storage elenent (battery) 40, which
is a secondary battery, fromthe generating elenents 20-1 (SCl) and 20-1
(SC2), such as solar batteries, not just under sun |ight but al so under

ot her everyday environnents, such as in the shade, 10 dmderchpdbpect |ight,

or inside a bright room Particularly, the electric power contro
apparatus 30 is fornmed as a charging control LSI for fully utilizing the
el ectric power generated by the generating el enents 20. 15[ 0032] The

el ectric powef,1Gerts ak appaw&%@ Shvmy:be connegtedriiid @ link type
(i ncluding polyner) secondary battery as the electricity storage el enent 40

and char ge rivsssacendarympattery. 20To the el ectric power control apparatus
30, one or a plurality,of generating glegents-may. %%ﬁﬂﬂﬁg%gp. Accordi ng
) e ts -

to the present enbodi nént, Oné or two generating e 1 and 20-2 may
be connect etkarAceordi agkkokt hew presenit ienbadirnent , atherdlrectad ¢ 25 power
control apparatus 30 may utilize an arbitrary nunber of cells connected in
series, J néﬂﬁﬂﬁﬁ&sﬁn§iﬁéPBd&%?T?‘The el ectric power control apparatus 30

may perform connegti on3swst ghi ng.cantsialyreaneer Ai Aghthe,mden30 of
connection of the plurality of generating elenments, such as whether the
gener at i ng efamett $afe crorpet/ SPIGEE W00 CORAREBEF eWCFIFSEYI €9 or in

paral lel, dgpe QE%%DQ”eRQEdQMQQPF vol tage val ue of the generating el enents.
The el ectric power control apparatus 30 may al so perform sw tching control

as to whether a wvaktage is &ofberdhastteppédsapavingoam dyenaigutti ng t he
VOltag%ﬁfo c Qggfﬁ%g%o% Qg?rg§OQnL%iécé¥fgqp%ae% EE%E¥%£“§BS§§£¥QS
according to the present embodiment.

Fig. 55 shows an example in which the
current/voltage.limiting circuit according to the
present embodiment is disposed not just in an output

15  stage but also in an input stage of the electric power
control apparatus.

Fig. 56 is a diagram illustrating different rates
of change of voltage (open voltage or maximum operating
point voltage) with respect to illuminance depending on

20 the type of soclar battery.
Fig. 57 is a diagram illustrating a mode of

connection in a case where different types of solar

batteries are used.

25 MODE FOR CARRYING QUT THE INVENTION
[0828]

In the following, an embodiment of the present
invention will be described with reference tc the
drawings.

30 1. Overall configuration of electric power feeding

system
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[ 0033] The electric power control apparatus 30 may utilize various types of
the generating elenments 20 and 10 is configured to exert control such that
t he maxi num ef ficiency can be obtained regardl ess of the electric
power - vol t age characteristics of the generating elenents 20. The electric
power control apparatus 30 may be 15 charged wi th highefficieney by
perform ng MPPT control whereby the maxi num el ectric power operating point
of the generating elenents (solar batteries) 20 is tracked. The electric
power control apparatus 30 nay performthe MPPT control even when the

generating £l enentis, .20 20hncl ude & S nale.celily £9034] ¢ The electric

power control apparatus 30 may control” the start and end (full charge) of
char gi ng of3t Herdligotrritcptyestop bygesfeledmenit 140 1 y25Theast exhtanieq tpower

control apparatus .30 _includes thf n%pction whi ch ternigg%gf char gi ng when a

fixed or variabl'e CHARGIRY end Vol tage IS Faschad®  f o &l e. The

el ectric powesarcantrol apparatus 30 includes the function which starts
chargin% when a fixed or 30 variable charging start voltagg is reached
after chardinly I“®PfefHIFRAL B, SXHTP X &pPE e TSPY6270 19900 10035] The

electric pomg&xggqgrggwggp%gggU§w§ijqug?ntroI t he maxi num char gi ng
current at the tine of high illum nance, for exanple, by using an external
current 4-2. Configuration example of characteristics
measurement circuit and control of electric power path
based on result of characteristics measurement
10 4-3. Concrete configuration example of characteristics
measurement circuit
4-4 . Concrete configuration example cf voltage
conversion unit
4-5, Configuration example of backflow prevention
15 circuit
4~-6. Charging contrel
4-7, Ovearall charging contrecl
5. Case where different types of solar battery are used
[0629]
20 <1. Overall configuration of electric power feeding
system>

Fig. 1 shows an example of an overall
configuration of an electric power feeding system
according to an embodiment of the present lnvention.

25 [C030]

The electric power feeding system 10 includes é
plurality of generating elements 20-n (n = 2 in the
present embodiment}), an electric power contrcl apparatus
30, and an electricity stcrage element 40 as major

30 constituent elements.

The electric power feeding system 10 also includes
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5 control resistor. A current control threshold value in this case may be
set by providing an external resistor for nmeasuring the charging current
that flows through the electricity storage el enent 40. [0036] 10The

el ectric power control apparatus 30 includes the function which decreases a
| oss of a forward-direction voltage VF while preventingQackflew,fromthe
electricity storage elenent 40 to the generating elenents 20 by a bi opass
control of a backflow 15 prevention di ode. The el ectric power

control apparatus 30 includes the function which decreases a | oss due to

di fference indluginaneg beiyeen dhe twe generating.glemnenls 20-1 and

20-2, together wwth the prevention of backflow between 20 the generating
el ement s 20C:Hpaarrdu2032. The el ectric power control apparatus 30

i ncl udes thﬁﬂﬁﬁﬂction whi ch out puts electric power fromthe generating

el ements 20" via“‘load drive termnals after full charge detection detecting
an open vol tage ghet Bee2br £ esdwd:CidepdSher agecehen®nd s 4brdraviurgdr eached a
certain value. The electric power control apparatus 30 rmay performinitial
char gi ng whegh IRE 98 dEEPTRI %ﬁe%%lr%fgtéf élnérréﬁf—’ 26°FET+ 7 2h GVEPSEi schar ged

state with it5.3Q voLtage, notomope Lhan a predskieriiHed-vo) t agen, such as
not nore than 2.7 V, unt|¥ the voltage recovers. In this SP262791W00

case, the etlectasnerpbners ebstenls apdr dt5Gs) 3enmaylbe cHatlgedusyr decr easi ng
(1L 100 curaant, By veLng, any ol Gt LU ptatar, The
char gi ng atuidpenakur eseofdHE @tvioweienals, 68Gchr ahi ghethdysHigieng an
eXtern%|lyL%gﬁggggggrgggrgggﬁgf’ogcgﬁgﬁg%nglgiight room.

Particularly, the electric power control apparatus
30 is formed as a charging control LS8I for fully
utilizing the electric power generated by the generating
elements 20G.

15 [0032]

The electric power control apparatus 30 may be
connected with a Li+ type {(including polymer) secondary
battery as the electricity storage element 40 and charge
the secondary battery.

20 To the electric power control apparatus 30, one or
a plurality cof generating elements may be connected.
According to the present embodiment, one or two
generating elements 20~1 and 20~-2 may be connected.

According to the present embodiment, the electric

25 power control apparatus 30 may utilize an arbitrary
number of cells connected in series, including a single
cell.

The electric power ccontrol apparatus 30 may
perform connection switching contrel ceoncerning the mede

30  of connection of the pluraiity of generating elements,

such as whether the generating elements are to be
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The el ectric power control apparatus 30 may control term nation of charging
and transition of 10 charging to a sl eep node by using an external enable
termnal, for exanple. The el ectric power control apparatus 30 may
be configured to output output electric power information. [0037] 15In the
foll owi ng, concrete configurations and functions of vardixegussecagponents wl |
be descri bed by way of exanple. In the followi ng, after the
configuration and function of the generating elenments 20 and the 20
electricity storage el enent 40 are described, a concrete configuration and
function ofcdhie@le8Ctihi §epPOMRIo:€0M IRir-appar aluses@i N | dn benedescri bed.
[0036] <2. Configuration exanple of generating el ement> 25The generating

el ement s 20RUERATd V20r29Ravel ¢he § Utk iGReRRCERI generat'es efBEtricity by

usi ng nat ural. 8nargy .y, SHCh, s, SUN . aht, ok whng,power, and:supplies the
generated electric power to the el'ectric power tontrol™ apparatus 30.
30Accor di nggwicdiegpcesent ! enbodh nerttheas at kelgeperat ity e enents 20-1 and

20-2, sal ar_power, SP262791W00 gener.ation,panels that utili.ze
phot oel ctr?éﬂﬁﬁﬁbgpsfﬁnd%wxgﬂﬁﬁiéﬁﬁTnéﬁ%ﬁh svggf%?eg%?éﬁfﬁg1?g§re adopt ed.

[ 0039] conversli@n 2nsho¥sciank eqin@ientceiveeuét. of a solar 5 power
generati on Panel as the generating elenents according to the present
enbodi ment . | {4640] The sol ar power generation panel (solar battery)

21, as shown in %@E Sﬂééyf&éﬂgodéf(Hanr%ﬁ Ebgargtus 30 may

utilize variocus types of the generating elements 20 and

10 is configured to exert control such that the maximum
efficiency can be obtained regardless of the electric
power-voltage characteristics of the generating elements
20.

The electric power control apparatus 30 may be

15 charged with high efficiency by performing MPPT control
whereby the maximum electric power operating point of
the generating elements (solar batteries) 20 is tracked.

The electric power control apparatus 30 may perform the
MPPT control even when the generating elements 20
20 include & single cell.
[0034]
The electric power control apparatus 30 may
control the start and end (full charge) of charging of
the electricity storage element 40,

25 The electric power contrel apparatus 30 includes
the function which terminates charging when a fixed ox
variable charging end voltage is reached, for example.

The electric power control apparatus 30 includes
the function which starts charging when a fixed or

30 wariable charging start voltage is reached after

charging is terminated, for example.
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10 produces a current on the basis of light input. In Fig. 2, the

| ight input OPT is substituted by electronotive force ('ph) to indicate
current Ish. Further, in Fig. 2, a sumof resistance of a substrate, a
light receiving |layer, and an el ectrode 15 portion of the solar battery 21
is indicated by series resistance Rs, and the |oss resisiganesw@hot he sol ar

battery 21 is indicated by Rsh. In Fig. 2, an output current of the
solar battery 21 is indicated by Id, and an output voltage of the 20 sol ar
battery 21 is indicated by V. The sol ar battery 21 produces nore

current as Fﬁﬁg gnount of incident light increases and |ess current when it
is darker. In the equivalent circuit of Fig. 2, the brightness of light is
i ndi cated by the Tiir@gmltegaemfmw Wrswclenrrsoatee. 3Asiathe vol t age

i ncr eases, curr Q;H%r gggl %§%H§Q§E%€“kog4the cime %pqﬁA ui val ent
a 22, a

circuit hasé?%e con |gura i'on sSuc current source I ode 23,
and a resisirnuﬁﬂhdﬂbearéoeoam&méeﬁ Iﬁy[ﬂﬁﬁﬂd ah, candrasr eshistore 25 1S
connected in series. SP262791WO00 he current source 22 supplies an

optlcalE%ur?%ﬁﬁroﬁﬂfe%%ﬁﬁotheZhﬁ%ﬁﬁ§ef§300§t5ﬁl dest S 'sue? Wren™t he vol t age

V across the,ierddnaks Obet B@fsg*agrmaﬁ{gv a2l ck8clngr easedsd-he current
"ph fromthe current source 22 flows through the diode 23, so that the

current | that fdaowsriow the tepmibad Fiterdedheaséscns *ﬂh@%}tage \Y

i ncreases. §p Wws, the current-vol tage
. t L
characterls%lcs:%%gfﬂCl gngr%f golafg% tery. The out put current
val ue of theosdiar battery 21 is uniquely determ ned when the vol tage val ue

acrossl%he ternin%gse&gcg§£§r5g$g¥jcontrol apparatus 30 includes
the function which decreases a loss of a forward-
direction voltage VF while preventing backflow from the
electricity storage element 40 to the generating
elements 20 by a biopass coﬁtrol of a backflow
15 prevention dicde.

The electric power contrel apparatus 30 includes
the function which decreases a loss dus to difference in
illuminance between the two generating elements 20-1 and
20-2, together with the prevention of backflow between

20 the generating elements 20-1 and 20-2.

The electric power control apparatus 30 includes
the function which cutputs electric power from the
generating elements 20 via load drive terminals after
full charge detection detecting an open voltage cf the

25 eleciricity storage element 40 having reached a certain
value.

The‘electric power control apparatus 30 may
perform initial charging when the slectricity storage
element 40 is in an over-discharged state with its

30 wvoltage not more than a predetermined voltage, such as

not more than 2.7 V, until the voltage reccvers. In this
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The voltage across the termnals when the current 15 value is zero is
referred to as an open voltage (Voc), while the output current val ue when
the voltage value across the termnals is zero is referred to as a
short-circuit current (isc). As described above, in the current-voltage 20
characteristics curve of the solar battery, there is ofHy-0ReEBXI MUM
operating point where the electric power (= voltage x voltage) is at the
maxi mnum The current at the nmaxi num operating point is referred to
as a maxi mum operating point current (Ipnm). 25 The voltage at the maxi num

operating poidd, g efiecked -t 9.as: admxiJunL.gRekrakingo pR ool tage (Vpm .
[ 00431 Because of such characteristics of the solar battery, in order to
obt ai n t he shdaasmboutpgtefs bRy t helrgd-igellacubaenéryy e @it age of a | oad
connected tg .th ol ar ttery. needs t e matched with the maxi mum
SZZ62791V®6§<6%%¥§1f%ﬁrggfngl%% t%ﬁ%mggﬁ$he sol ar battery. Because
the current-vol t age eharaeterpstd cscoftricheappkantbhati@rinalardesdependi ng on
the environment, such as i l]um nance or tenperature, the contral for

obtainiﬁg §ijéiﬁﬁ¥FﬁﬁnW8b€Pa???ﬁf?ﬁﬁrﬁh%ﬁﬂ 498 ned iR IdHeE D ormed.
during oper@ gn QBwEPeoPeé@‘%eogoﬂﬁ?i?édeﬁ Q,d:he sl akcbaktery. According to

the present enbodi nent, various conirols are perforned in the electric
power contr@fnnected thermistor, for example.

The electric power control apparatus 30 may
contrcl termination of charging and transition of

10 charging to a sleep mode by using an external enable
terminal, for example.

The electric power control apparaﬁus 30 may be
configured to output output electric power information.
[C0273

15 In the following, concrete configuraticns and
functions of various components will be described by way
of example.

In the following, after the configuration and
function of the generating elements Z{ and the

20 electricity storage element 40 are described, a concrete
cenfiguration and functicon of the electric power control
apparatus 30 will be described.

[G02381
<2. Configuration example of generating element>

25 The generating elements 20-1 and 20-2 have the
function which generates electricity by using natural
energy, such as sunlight or wind power, and supplies the
generated electric power to the electric power control
apparatus 30.

30 According to the present embodiment, as the

generating elements 20-1 and 20~2, sclar power
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10 apparatus 30, for exanple, a control concerning the node of connection
of a plurality of the generating elenents 20-1 and 20-2, i.e., whether they
are connected in series or parallel, depending on the output voltage val ues
of the generating elenents, and a switching 15 control for determning

whet her a voltage is to be stepped up or down by inputddng-bhesyel tage to a
vol tage conversion unit such as a DC-DC converter. [0044] The electric
power obtained by the solar battery 20 21 is a direct current, and the
direct-current electric power (DC electric power) is supplied to the

el ectric poyel.,controb:appar atas 30:1i[Q048btoelectFBe LONfdAUALI On exanpl e
of electricity storage 25 el enent > The electricity storage el enent
40 stores tdle inddunite powerasuppldeddeomiehe erFecadortgsbwer control

appar at us 3ﬁmB9 The electricity storage elenent 40 may be of a
- 30 type with a éharging vol tage variable, such as an electric double |ayer
capacitor or a |irthi.um Ebowt ype «S22624a1\VW00csecontlar ysddatrt ery. [ 0046]
Fig. 4 shows a configuration exa tricity storage el enent

| e of the _ele
accor di g (9 THe SFFELEHE 08 BAbSHI Trits CO647FEEHRE STEMTTI%: ty St or age
el ement 40 showniiin Elbdtnd present embodiment.

(00403

The solar power generation panel {solar battery)

21, as shown in the equivalent clrcuit of Fig. 2,
10 preduces a current on the basis of light input.

In Fig. 2, the ilight input OPT is substituted by
electromotive force (Igy) to indicate current Ish.

Further, in Fig. 2, & sum of resistance of a
substrate, a light receiving layer, and an electrode

15 portion of the sclar battery 21 is indicated by series
resistance Rs, and the loss resistance of the solar
battery 21 is indicated by Rsh.

In Fig. 2, an output current of the solar battery
21 is indicated by Id, and an output voltage of the

20 solar battery 2i is indicated by V.

The solar battery 21 produces more current as the
amount of incident light increases and less current when
it is darker. In the equivalent circuit of Fig. 2, the
brightness of light is indicated by the magnitude of the

25 current source. As the voltage increases, the current
gradually decreases.
(00411

The equivalent circuit has the configuraticon such

that a current source 22, a diode 23, and a resistor 24
30 are connected in parallel, and a resistor 25 is

connected in series.
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i ncl udes an assenbl ed battery 41, a charging control field effect
transistor (FET) 42, a discharging control 10 FET 43, a diode 44, and a
current detecting resistor 45. The electricity storage el enment 40
has a positive electrode termnal Ti and a negative el ectrode term nal T2
connected to a positive electrode term nal and a negatgpyezekeatnode
termnal, respectively, of an 15 el ectronic device as a | oad. In the
el ectricity storage el enent 40, under the control of the electric power
control apparatus 30, the assenbled battery 41 is charged or discharged via

the charging conthel ckEfed?, sdha-dizechapgi.ngs cont 6041 BT A3re2@ the di ode
445, and the current detectlng resistor 45. [0048] The assenbl ed
battery 41 i 2¥bdGIfdarPIsat-tér ys stieh @ la Fiai-uidh Secondary battery,

and incl Udex?olaca%'ewifa%h%sQftﬂ?@t%e%&/lr%%s' $rcenpected. i Saries and/ or
25paral | el . In the exanple of Fig. 4, three battery cells are

connected iis S@rqressed the m:cmrm ﬂghtfb:wmélm esenenenbodi terits t he

el ectric¢c po troI per 0 cont rol 0 preventlng
over-chg’rgl%r/i\gwc?r ver? Bl 5 ?gl hg of the " é%c PFCr ey €t o?%g %l ement 40,

and a cont ralowWs0lon $8262493WH0 ensurdergeaake gbhatige ngyld05e e@xanpl e. [0049]
In the electricity storage el enent 40, the voltage of the assenbled battery
41 and t he ¥B11®4§&°of each of 5 the battery cells in the assenbled battery
41 are neasyﬂgg jat predetermined time intervals, and the magnitude and
direction of the current that flows through the current detecting resistor
45 are neasured &tgpreédeteysi ed qumrenitnvel vaps. characteristics

10 of a general sclar battery.

The output current value cof the sclar battery 21
is uniquely determined when the vcltage value across the
terminals 1s determined.

The voltage across the terminals when the current

15 wvalue is zero is referred to as an copen voliage (Voc),
while the output current value when the voltage value
across the terminals is zerc is referred tc as a short-
circuit current (Isc).

As described above, in the current-voltage

20 characteristics curve of the sclar battery, there is
only one maximum operating point where the electric
power {= voltage x vcltage) is at the maximum.

The current at the maximum operating peint is
referred to as a maximum operating point current (Ipmn).

25 The voltage at the maximum operating point is referred
toc as a maximum operating point voltage (Vpm).

[0043]

Recause of such characteristics of the sclar
battery, in order to cbtain the maximum output from the

30 sclar battery, the voltage of a load connected to the

solar battery needs to be matched with the maximum
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10In the electricity storage el enent 40,

on the basis of the neasured

vol tage val ue and current value, the charging control FET 42 is controlled
to be off when the voltage of any of the cells of the assenbl ed battery 41

reaches an over-charging detection voltage.

el enent 40,

vol tage of the assenbled battery 41 becones equal to or |ess than an
over -di schargi ng detection voltage,
over-discharging. 20In the case of a lithiumion battery,

chargi ng detgctianvobtagessayhe detardnned tgabecdy2 V

15In the electricity storage

t he di scharging control FIT 43 is control |t 4.0 dbesehf when the

t her eby preventing over-charging or
t he over-
0.5V, and the

over-di schargi ng detection voltage may be deternlned to be 2.4V 0.1 V.

[0050] 25Gener al Bgcagge at iy stens 4107 iehdegenghe hechssenbl @d Watthery 41,

I n the

( Const

A t Vol d.
aéaﬁg%%ggysggg? @%%?%rﬁgfqg)t%ga%gbggo§¥§$€n1é§ﬂy%g

charging s

t he

is conducted w th a constant current

(CC chargln@DlumﬂﬂdncbhezvoémQQEBEMk&ﬁ ﬂHyaoaasenmlédrb@bt&ﬁg@n@& reaches a

pr edet
SP2627

el ectric power c

and a

erm ned vol tage. After the volta ssenbled battery 41
VD00 G I aaE SRS Ak 7 GeAEr e S50l Eags.

with a constanto el agei LEVoshas &idig)or Ghar %E}gc@negnm@%d he, char gi ng
current converges to substantially zero [A].

exanpl e of Elect¥liz¢ pewerr¥ontrol apparatus>
QuLLok; appag atis 30 J NG udes oLt age. cqnversion unit 31

10

15

20

25

30

controls are performed in the electric power control
apparatus 30, for example, a control concerning the mode
of connecticn of a plurality cf the generating elements
20~1 and 20-2, i.e., whether they are connected in
series or parallel, depending on the output voltage
values of the generating elements, and a switching
control for determining whether a veoltage is to be
stepped up or down by inputting the voltage to a voltage
conversicn unit such as a DC-DC converter.
(00441

The electric power obtained by the solar battery
21 is a direct current, and the direct-current electric
power (DC electric power} is supplied to the electric
power ceontrol apparatus 30.
[C045]
<3. Configuration example of electricity storage
element>

The electricity storage element 40 stores the
electric power supplied from the electric power control
apparatus 30,

The electricity storage element 40 may be of a
type with a charging voltage variable, such as an

electric double layer capaciter or a lithium-icon type

30

5[005]] <4. Configuration
As shown in Fig. 1,

H&¥ gi ng i s conducted

t he



10 power switch circuit 32 as an electric power path swtch unit included
in an electric power path unit. The el ectric power control apparatus
30 includes a characteristics nmeasurement circuit 33, a first control unit
34, a second control unit 35, a backflow prevention 15 circuit 36, a
current/voltage limt circuit 37, and a start-up circuigoa38 sasionaj or
constituent elenents. [0052] The vol tage conversion unit 31 includes the
function which steps up or down voltages generated by 20 the generating

el enents 20-1 and 20-2 and sel ectively supplied by the power switch circuit
32. Jhes ol tage reenyersion unit 31 supplies a voltage obtained by
stepping up or down to the electricity storage elenent 40 via the power
switch circlft482 and 25 the backfl ow prevention circuit 36, for exanple.

The vol tage convession upbhs31 is,eonstructed.of..a.0¢ DG gonverter, for
i _

exanpl e. oncrete configuration of the voltage conversion unit 31
wi || be deseré¢ded dinydet-airkokatbemeB9[0058]dind- to Coaf pgesetti on exanpl e of
power switch SP262791W00 circuit> The power switch circuit 32

i ncl udes’ t he™¥ §°%1 whi ch deternines the connection relationship among

the two genes@1ing el ements (solar batteries) 20-1 and 20-2, 5 the vol tage
conversion unit gﬁgep-up/dpmn circuit) 31, and the electricity storage
el enent (secondarifep&tEefyc4bY | H- AT FAFEEW 1R EBRAYT o1 Xt éd by t he

first control unide 34 QL. LR second: coptsol Rt 39,5The, poyer switch
circuit 32 1s conflgureg to %e 10 caﬁgﬁle of performng electric power path
swi t chi ng cbitidle Uependicagsdontan OUEDUtdSt at diskhehegigenesmting el enent s
20-1 aﬁﬁ)zoﬁé% 43, a diode 44, and a curreni detecting resistor 45.

The electricity storage element 40 has a positive
electrode terminal T1 and a negative electrode terminal
T2 connected fo a positive electrode terminal and a
negative electrode terminal, respectively, of an

15 electronic device as a load.

In the electricity storage element 40, under the
control of the electric power control apparatus 30, the
assembled battery 41 is charged or discharged via the
charging control FET 42, the discharging control FET 43,

20 the diode 445, and the current detecting resistor 45.
(00481

The assembled battery 41 is a secondary battery
such as a lithium-ion secondary kattery, and includes a
plurality of battery cells connected in series and/or

25 parallel.

In the example of Fig. 4, three battery cells are
connected Iin series.

Acceording to the present embodiment, the electric
power conbtrol apparatus 30 performs a contrel for

30 preventing over-charging or over-discharging of the

electricity steorage element 40, and a contrel for
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Specifically, the power switch circuit 32 functions as an electric
power path switch unit. 15[0054] The power switch circuit 32 according to

t he present enbodi nent includes a first connection swtching function which
swi t ches between series connection and parallel connection for the two
generating elenments 20-1 20 and 20-2 in accordance W tdpddie sagphrol by the
first control unit 34 or the second control unit 35. The power
switch circuit 32 further includes a second connection switching function
whi ch switches the generating elenents 20-1 and 20-2 connected to the input

25 side of {he,voltage-conyersion tY todlwie. The power switch circuit
32 according to the present enbodi nent is basically configured to be

capabl e of PEH4%rm ng at | east the foll owi ng connection sw tching by the

first connection_sw.tchi function.and 30 _th cphd connect.i swi t chi ng
function. [0055]In5ﬁ%§2?ggﬂﬁﬂﬁflty Sg%raﬁ%wﬁ?%ﬁ?ﬁg %@ht%ﬁﬁ %éﬁﬁéggries;
paral | el ansf strep-dipenpacal betteseriesrandhst epiupgeantl partaldfel and

step-down] The power switch circuit 32 connects the 5 generating el ements

20-1 and 20-® iifdériveseand ut it SHFBUEHULEEFEdge! 40 t he generati ng

el ements 205d: AN L2012 28 gk Se MhiNOUt dPUt LRl L, t 9nd hendol tage conversion
unit 31. Alternatively, the power switch circuit 32 10 connects the

gener at i ng "el@nEnMds 20d1dandcRoe ¢h the current that flows

through the current detecting resistor 45 are measured
.at predetermined time intervals.

10 In the electricity storage element 40, on the
basis of the measured voltage value and current value,
the charging control FET 42 is controlled tc be off when
the veoltage of any of the cells of the assembled battery
41 reaches an over-charging detection voltage.

15 In the electricity storage element 40, the
discharging control FET 43 1s controlled to be off when
the voltage of the assembled hattery 41 becomes equal to
or less than an over-discharging detection voltage,
thereby preventing cver—-charging or over-discharging.

20 In the case of a lithium-ion battery, the over-
charging detection voltage may be determined tc be 4.2 V
+ 0.5 V, and the over-discharging detecticn voltage may
be determined to be 2.4 V * 0.1 V.

[G050]

25 Generally, as a system for charging the assembled
battery 41, the CCCV (Constant Current, Constant
Voltage) charging system 1s used.

In the CCCV charging system, charging is conducted
with & constant current (CC charging) until the voltage

30 of the assembled battery 41 reaches a predetermined

voltage. After the voltage of the assembled battery 41
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parallel or in series and inputs an output voltage to the voltage
conversion unit 31 so that the voltage can be stepped-up or stepped-down
for output. Alternatively, the generating elenents 20-1 and 15 20-2 are
connected in parallel and an output voltage is output as is wthout
inputting it to the voltage conversion unit 31. [0056]sHRaral:keb) 20Wen
the output voltages of the generating elenents 20-1 and 20-2 are in a first
vol tage range V1, the power switch circuit 32 connects the generating

el ements 20-1 and 20-2 in parallel by the first connection sw tching

function. 23N AhicscCas8e bheaPOWRN M LN telhikGULLaBZiperforns the
connection switching such that the generated electric power is not input to
t he vol t agecEsingdesi o tanitt cs Nt e ldédend C€orheedioh swi t chi ng function

so as to prevent. LS| of, VOl ?I i 0 of the output
voltages<ﬁéﬁ%%g%%ﬁg¥§fiﬁgggl%ﬁ%Eﬁgﬁg%%%9§ﬁ5§§g%28%§§% %giéﬁ%age conver si on
unit 31. SR26XEEWB00y[ @65Z] (£Paral | el and step-up) The power swtch
circuit532 ﬁ%gﬂﬁcts the generating elenments 20-1 and 20-2 in parallel by
the 5 first ection switching function when the output voltages of the

generating & eness (20a1 i8R0 20n2 Ardr il @ +See0pdwypl tagerdiange V2 (< V1).
In this case, the power switch circuit 32 perforns the connection sw tching
such that t3Pagerterat ed

As shown in Fig. 1, the electric power control

apparatus 30 includes a veoltage conversion unit 31 and a
10 power switch circuit 32 as an electric power path switch
unit included in an electric power path unit.

The electric power control apparatus 30 includes a
characteristics measurement circuit 33, a first control
unit 34, a second control unit 35, a backflow prevention

15 circuit 36, a current/voltage limit circuit 37, and a
start-up circuilt 38 as major constituent elements.
[0C52]

The volitage conversion unit 31 includes the

function which steps up or down veltages generated by
20 the generating elements 20-1 and 20-2 and selectively
supplied by the power switch circuit 32.

The voltage conversion unit 31 supplies a voltage
obtained by stepping up or down to the electricity
storage element 40 via the power switch circuit 32 and

25 the backflow prevention circuit 36, for example.

The vecltage conversion unit 31 is constructed cof a
DC-DC converter, for example.

A concrete configuration of the voltage conversion
unit 31 will be described in detail later.

30 [0053]

<4-1. Configuration example of power switch
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10 electric power is input to the voltage conversion unit 31 by the second
connection switching function so as to allow the voltage |evel of a

final -stage output voltage of the generating elenments 20-1 and 20-2 to be
converted by the voltage conversion unit 31. 15[0058] (Series) The power
switch circuit 32 connects the generating el ements 20-gk-an6 20~34i N series
by the first connection switching function when the output voltages 20 of
the generating elenments 20-1 and 20-2 are in a third voltage range V3 (< V2
< V1). In this case, the power switch circuit 32 perforns the
connection swtghing such that the generated electric power is not input to
the voltage conversion 25unit 31 by the second connection swtching
function so as tG@&hpreveat esehver siiorrueft Bheivoltdge tevefurgftisint her of the

out put voltages of .the.generating el enents 20-1 and.20-2 by the voltage
conver st on T $2-< o050 b STt By Totas an) he Sor S ¢ ch o rcui t
32 connect stikdererSP262 791000 generatiaig rekerents) 20511 aned 20--2,i n seri es
by the first connection switching function when the output voltages of the
gener at i*hg %ﬂ%nﬁﬂﬁ@égfoﬂfnaﬁaS?ﬁﬂ2“%&%3ﬁ%¥%§‘PBdPPan6+¥%@%t%é%be V4 (< V3 <

V2 < Vl_) . 541&1 tﬂ‘HeS e@%%%ri%ﬁ!@ypg)@@fag%metl%eﬁitr Q's!-bg:oggap_\?rﬁagfﬂ@:yt)he
connection swtching such that the generated electric power is input to the

vol t age condferisi grragmidengt by th heostecondxeonrdcbivonhewiteHti ng function so
as to allow_ the volta%e |, evel gé the final-stage ogtgyt 10 voltage of the
- - y

generating‘%ﬁéﬁgﬁtgnﬁ f4aﬁﬁ 205 2°%0 %aﬁaﬁ%fgrtgal he vol tage conversion

unit 31. The power switch circuit 32 is configured to be
10 capable of performing electric power path switching
control depending on an output state of the generating
elements 20-1 and 20-~2.

Specifically, the power switch circuit 32

functions as an electric power path switch unit.
15 [0054]

The power switch circuit 32 according to the
present embodiment includes a first ccnnection switching
function which switches between series connection and
parallel connecilon for the two generating elements 20-1

20 and 20-2 in accordance with the control by the first
control unit 34 or the second control unit 35.

The power switch cirecult 32 further includes a
second connection switching function which switches the
generating elements 20-1 and 20-2 connected to the input

25 side of the voltage conversion unit 31.

The power switch circuit 32 according to the
present embodiment is basically configured to be capable
of performing at least the following connection
switching by the first connection switching function and

30  the second connection switching function.

[0055]
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[ 0060] (Parallel and step-down) The power switch circuit 32 connects the 15
generating elenents 20-1 and 20-2 in parallel by the first connection
switching function when the output voltages of the generating el enents 20-1
and 20-2 are in a fifth voltage range V5 (> V1 > V2 > V3 > vué. %n this
case, the power switch circuit 32 perforns 20 the conmectrdn 8@P?chi ng such
that the generated electric power is input to the voltage conversion unit
31 by the second connection switching function so as to allow the voltage

| evel of the final-stage output voltage of the generating elenments 20-1 and
20-2 to be 25 converteRLBY THE- RN CRde SCONGEF SPOTETIT Y E T6861]

In the aboug,;SWat-ghilBg; CORLL O Sand he folbowiRg pelationship shebds: [ (out put
vol tage of generating elenments in the case of series and step-up) < (output
30 vol t age 949vtihe case of series) < (output voltage in the case of parallel

and step-up) < (9ngﬁgwg9'§ cﬂrhquaéf3§§685§&¥@9 dﬁ?fe of parallel) <

(output voltage in the case of para and step-do [ 0062]
[ Swi t chisng worim=alinborlsvenes; 2&€r izesl afdZstepssSrdeswvgndaralpuels; series and

step-up; and parall el znd stgg-dqgg! Therpgmer gijtch ciyeuit %2 connects
the gener at¥hgePemests-28° 12/ 96 F9 7 86t es %ﬂ@%ﬁ?ﬁ%{g'gﬁ out put
vol tage as i@-Malsheut whk aRYLt i Ngoddt ity ttheto the voltage
conversion unit 31.
Alternatively, the power switch circuit 32

10 connects the generating elements 20-1 and 20-2 in
parallel or in series and inputs an output voltage to
the voltage ccnversicn unit 31 so that the voltage can
be stepped-up or stepped-down for output.

BAlternatively, the generating elements 20-1 and

15 20-2 are connected in parallel and an output voltage is
output as i1s without inputting it to the voltage
conversion unit 31.

[0056]
(Parallel)

20 When the output voltages of the generating
elements 20-1 and 20-2 are in a first voltage range V1,
the power switch circuit 32 connects the generating
elements 20-1 and 20-2 in parallel by the first
connection switching functicn.

25 In this case, the power switch circuit 32 performs
the connecticn switching such that the generated
electric power is not input to the veltage conversion
unit 31 by the second connecticn switching function so
as to prevent cenversion of the voltage level of either

30  of the cutput voltages of the generating elements 20-1

and 20-2 by the voltage conversion unit 31.
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10 vol tage conversion unit 31. Al ternatively, the power swtch
circuit 32 connects the generating elenents 20-1 and 20-2 in series or in
parall el and inputs an output voltage to the voltage conversion unit 31 so
that the voltage can be 15 stepped-down or stepped-up for output,

Al ternatively, the generating el ements 20-1 and 20-2 eﬁ%@@%3ﬁﬁ§@?@d in
paral l el and an output voltage is output as is without inputting it to the
vol tage conversion unit 31. 20[0063] (Parallel) The power switch circuit 32
connects the generating elenments 20-1 and 20-2 in parallel by the first

connection § yﬁhing function when the output 25 voltages of the generating
el enments 20-1 andp20z218fexhdd & S§ixi) voltage range V6. In this

case, the power switch circuit 32 perforns the connection sw tching such
that the generat deebederi evpowkercizuidt JEknpanneots hehaol t age conversion 30

Ut 3 O S0RABUNpcanmeel . v ieine WngLLer, 30 gy s, orcvert,
vol t ages offiter gemeeating eherentsy 20mttdod 282 byetdecpwol t age conversion
unit 31 [0064) (Sores, and step: down), SThe power switgh gircult 32
a second voltage range V2 (< V1),
In this case, the power switch circuit 32 performs
the connection switching such that the generated
10 electric power is input to the voltage conversion unit
31 by the second connecticn switching function so as to
allow the voltage level of a final-stage output voltage
of the generating elements 20-1 and 20-2 to be converted
by the voltage conversion unit 31.
15 [0058]
(Series)
The power switch circuilt 32 connects the
generating elements 20-1 and 20-2 in series by the first
connection switching function when the output voltages
20 of the generating elements 20-1 and 20-2 are in a third
veltage range V3 (< V2 < V1),
In this case, the power switch circult 32 performs
the connection switching such that the generated
electric power is not input to the voltage conversion
25 unit 31 by the second connection switching function so
as to prevent conversion of the voltage level of either
of the cutput voltages of the generating elements 20-1
and 20-2 by the voltage conversion unit 31.
[0059]
30 (Series and step-up)

The power switch circuit 32 connects the
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generating elenents 20-1 and 20-2 in series by the first connection
switching function when the output voltages of the generating elenents 20-1
and 20-2 are in a seventh voltage range V7 (< V6). 10ln this case, the
power switch circuit 32 perforns the connection smﬁtchin% such that the
generated el ectric power is input to the voltage conver&i®éd 24APP®31 by the
second connection switching function so as to allow the voltage | evel of
the final-stage output 15 voltage of the generating elenents 20-1 and 20-2
to he converted by the voltage conversion, unit 31, [0065] (Series) The
power swit dFTETCERE 32°BRhectE t K20 Cgénerat PRyt el Bherts 26°F and 20-2

in series hy,thedinst,eopnectionswidchi-ag tunction, wham dheout put
vol tages of the generating elenments 20-1 and 20-2 are in an eighth voltage
range V8 (<o fthe ¢eperating elementy @i ¢ngade 2t &ee power wirttéh circuit

32 perforns t he _connegti i j ch that the generated electric
power is n&F%ﬁﬁ%ﬁirFSQthgv§€P§§%552%3%?250n unit 31 by the second

connect son swi t chinnghi #ncdson 3@ avwea prevent ctonvier sidmpeaffotrthe vol t age
| evel of either of the output voltg%%s of the ?enerating el enent s

20-1 30 and-P0-PEFoEhen VTt Byt EbriVETsiTOf tunlE 310 TD0E6] SP262791W000

(Series and,si&8R-1UPbofBe POWBKL SW AL 1G KeWihg32-60R0esis, the tgenerating
el enents 20-1 and 20-2 in series by the first connection switching function
when the oui’puty vdlet ggesnd connection switching function so as to

allow the voltage level of the final-stage output
10 wvoltage of the generating elements 20-1 and 20-2 to be
converted by the voltage conversion unit 31.
[0C80]
(Parallel and step-down)
The power switch circuit 22 connects the
15 generating elements 20-1 and 20-2 in parallel by the
first connection switching function when the output
voltages of the generating elements 20-1 and 20-2 are in
a fifth veltage range V5 (> V1 > V2 > V3 > Vi),
In this case, the power switch circuit 372 performs
20 the connection switching such that the generated
electric power is input to the voltage cenversion unit
31 by the second connection switching function so as to
allew the voltage level cof the final-stage ocutput
voltage of the generating elements 20-1 and 20-2 to be
25 converted by the voltage conversion unit 31.
[0081]

In the above switching controls, the following
relationship holds: [ {output voltage of generating
elements in the case of series and step-up; < (output

3C voltage in the case of series) < (ocutput voltage in the

case of parallel and step-up, < {(output voltage in the
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5 of the generating elenments 20-1 and 20-2 are in a ninth voltage range V9
(< V8 < V7 < V6). In this case, the power switch circuit 32 perforns
t he connection switching such that the generated electric power is input to
t he vol tage conversion unit 10 31 by the second conne%%5%97§y%5§@ing
function so as to allow the voltage | evel of the final-Stage out put voltage
of the generating elenents 20-1 and 20-2 to be converted by the voltage
conversion unit 31. [0067] 15(Parallel and step-down) The power sw tch
circuit 32 connects_th ner af i | ements 20-1 and 20-2.n parallel by
the first égﬁﬁeggiBﬁrgg%gghi%g&¥ﬁ%%ﬁiS%E&ﬁ%% %%et%ﬁn%ﬁﬁe\ﬂﬁ tages of the
gener at i ng rlreneris a20- dtaneidy2 .are in 20 a tenth vol tage range V10 (> V6
> V7 > V8 > V%?. In this case, the power switch circuit 32 perforns
t he connectli%¥2dwi t chi ng such that the generated electric power is input to

the voltage conveggi om, unl to 3% By the second, connect i9m swebching function
so as to 25 allow the voltage | evel of the final-stage output voltage of

t he genér atdong ;elpement sl 20sdr agard 220 2tee-be: converared Inl e vol t age
conversiong%@ t %%hj[0068] In the above switching controls,

t he follomﬁng§38 refationship holds: [(output voltage of generating

el ements in the casepofeseriiashand rgt:ep- 8p) csnfoautputhe SP262791W00 vol t age
in the case of series)_ < (output voltage in the case of series and

st ep- down) JETEEELHGE GOPTRYE i4Y tthé Cagd~6f *pafaf 1%t )2 BUPPGE vol tage in

the case of;parabhel vand:$d ens daw)ilinook0068ktting it ¥ knk Concrete
configuration exanple of power switch circuit> Fig. 5 shows a

confi géfat iver teganpbevetsidie ywowerliswi tch circuit according to the present

embodi ment.. Alternatively, the power switch circuit 32

connects the generating elements 20-1 and 20-2 in series
or in parallel and inputs an cutput voltage to the
voltage conversiocn unit 31 so that the voltage can be

15 stepped~down or stepped-up for ocutput.

Alternatively, the generating elements 20-1 and
20-2 are connected in parallel and an cutput veltage is
output as is without inputting it to the voltage
conversion unit 31.

20 [0G63]

{Parallel)

The power switch circuit 32 connects the
generating elements 20-1 and 20-2 in parallel by the
first connection switching function when the output

25  voltages of the generating elements 20-1 and 20-2 are in
a sixth voltage range V6.

In this case, the power switch circuit 32 performs
the connection switching such that the generated
electric power is not input to the voltage conversion

3¢ unit 31 by the sescond connection switching function so

as to prevent conversion of the voltage level of either
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10[ 0070]

switches SWL to SW and two di odes D1 and D2.

The power switch circuit 32 shown in Fig. 5 includes six

Each of the sw tches

SW to 5W5 is constructed of 15 an insulated gate field effect transistor
(FET), nore specifically a MOSFET. The power switch circuit 32 determ nes
the connection relationship of the maxi numtwo gener atift§2drefights (sol ar

batteries 501 and SC2) 20-1 and 20-2, 20 the voltage conversion unit

(step-up/down circuit) 31, and the electricity storage el ement (BAT) 40,

which is a secondary batterg by controlling the gate voltage to the
swi t ches SWI ttéesEtrb072} c?%m%

pover swi t oy, £ieyi 432,01 vEl ghgd darom:LhenggRegating el ements 20-1 and

20-2 to the electricity storage el enent 40, patterns shown in Figs.

2%5th théré @@P?Fétbﬁﬁe?lif&%it%‘

d by the

6 and 7

exi st. [0072]1063QA path PTA is fornmed as a path directly connecting the

generating
el ement 40,

10

15

20

25

30

el ene

2 and,the electricity SP262791W00 st orage

: i.e Q%F%éegeﬁ% d%&%PW%ﬁWF ry. A path PTBis formed as a path
suppl ying the Ouﬁﬂﬁtp@k@ﬁtéWQt@OWﬁkﬁbﬁ&ﬁBQheogﬁ@etﬁhﬂng el ement (SC2)

generating elements 20-1 and 20-2 in series by the first
connection switching function when the cutput voltages
of the generating elements 20-1 and 20-2 are in a
seventh voltage range V7 (< V6).

In this case, the power switch circuit 32 performs
the connection switching such that the generated
electric power 1s input to the voltage conversion unit
31 by the second connection switching function so as to
allow the voltage level of the final-stage ouiput
veltage of the generating elements 20-1 and 20-2 to be
converted by the voltage conversion unit 31.

[00865]

{Series)

The power switch circuit 32 connects the
generating elements 20-1 and 20-2 in series by the first
connection switching function when the cutput voltages
of the generating elements 20-1 and 20-2Z are in an
eighth voltage range V8 (< V7 < Va).

In this case, the power switch cilrcuit 32 performs
the connecticn switching such that the gensrated
electric power is not input to the voltage conversicn
unit 31 by the second connection switching function so
as to prevent conversion of the veltage level of either
of the output voltages of the generating elements 20-1
and 20-2 by the voltage conversion unit 31.

[006E]



20-2 to the electricity storage elenent 40, i.e., the 5 secondary battery,
via the voltage conversion unit (step-up/down circuit) 31. A path FTCis
formed as a path directly connecting the generating elenent (SCl) 20-1 and

the electricity storage elenent 40, i.e., the secondary battery. 10A path
PTD is formed as a path supplying the output electric J6%&r Sligalt he
generating elenent (SCl) 20-1 to the electricity storage elenent 40, i.e.,

the secondary battery, via the voltage conversion unit (step-up/down
circuit) 31. 15A path PTE is formed as a path connecting the generating
el enent (SCl) 20-(fcamdst hedgeherati/ng el ement (SC2) 20-2 in series and

directly connect iTﬁ%. t ggegl g‘%%‘%iéiyff%;%g?ﬁcglf'ﬁggg 40, i.e., the secondary

battery, to the serié&s connection. s formed as a path
suppl yi ng tdencauttputy wokhages of 0t hesrgen@rat iingsekeaenty (1SE1)Fi26+1 and t he

generating el ement, %SC{Z@{) 20-2 connected in series to the electricity
storage el EMEREAGCOT SH1ECPRRY sEedndary "Balt &7, O¥FE T he°Vdi%Sge conversion

unit (stsep-dp/idvedackieHit 31 dentA pat-h BRG bs-bospedias aipath directly
supplying the output electric power fromthe generating elenent (SCl) 20-1
and t he gernerldidasy renegeff (SC2Y 0.2 <cdfnected in parallel to the

electricity Stor%%etﬁk‘é”? %e?oélhoé |5 S%Q%cﬁ%gggﬂ% i?%} grf%%‘ \OQ’”hOUt
passing it through the volfage conversion unit : 05637 i
the connection switching such that the generated
electric power is Iinput to the voltage conversion unit
10 31 by the second connecticon switching functicn so as to
allow the voltage level of the final-stage output
veltage of the generating elements 20-1 and 20-2 to be
converted by the voltage conversion unit 31.
[0067]
i5 {Parallel and step-down)

The power switch circuit 32 connects the
~generating elements 20-1 and 20-2 in parallel by the
first connection switching function when the output
voltages of the generating elements 20-1 and 20-2 are in

20 a tenth voltage range V10 (> V6 > V7 > V8 > V9).

In this case, the power switch circuit 3Z performs
the connection switching such that the generated
electric power is input te the voltage conversion unit
31 by the second ccnnection switching function so as to

25 allow the voltage level of the final-stage output
voltage of the generating elements 20-1 and 20-2 to be
converted by the voltage conversion unit 31.

[00&8]

In the above switching controls, the following

30 relationship holds: [({output vcltage of generating

elements in the case of series and step-up) < {output
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A path PTHis forned as a path supplying the output electric power fromthe
generating elenent (SCl) 20-1 and the generating el enment (SC2) 20-2
connected in parallel to the electricity storage elenent 40, i.e., 5 the
secondary battery, via the voltage conversion unit (step-up/down circuit)
31. A path PTI is forned as a path supplying the outp&ﬁqﬁ?§ﬁ9Wﬁ@Ogenerating
el emrent (SCl) to the voltage conversion unit (step-up/down circuit) 31
connecting 10 the output fromthe generating elenment (SC2) 20-2 in
paral l el, and supplying the output electric power fromthe parall el

connect i on o tAve élneé?‘?i EREY %l?o?@a*gté%sél EneAbtRBE Yoktadq HE $&€ondary

battery. A RTLL . i s f . as. t kN tput fromthe
o 2 Shees AHEG. 85 2:RAt It SUBRLYLNGoL N8yel3 DUl

generati ng enent e voltage conversion unit (step-up/down
circuit) 3lzassordeptirpglehe outpuipo omltheegeéneriati mapelaent (SCl) 20-1
in parallel, a qt uppl.ying_the output voltage fromthe parallel connection
to the eleéﬁpﬁgiéa §58r56%p26%V%) nt 40, i.e., the secondary battery. A
pat h PTK is;dogared as a path opening all the generating elenent (SCl) 20-1
the generating elenment (SC2) 20-2, and the electricity storage el enent 40.
At this time, thé&‘minbsCeidecot W igenararnng<erehemt BHSE2) 20-2 s
grounded ang, used_.as.a;path for neasuring the open voltage of the
generating el enent (solar battery). A path PTL is formed as a path opening
all the generati Aggel émenevwg{ SClJorZBolrathengenarat ngt elreneewe30( SC2) 20- 2,
and the electricity storage elenent_ 4Q. At this ti all .of the switches
y 1 d .
SW. to 5V %ﬁ%;%%ncéffplt gccor&ipg to Qhe presegt eﬁg% imen
10 100701
The power switch circuit 32 shown in Fig. 5
includes six switches SW1l to 8W6 and two diodes D1 and
D2,
Fach of the switches SWl to SW6 is constructed of
15 an insulated gate field effect transistor (FET), more
specifically a MOSFET.
The power switch circuit 32 determines the
cennection relationship of the maximum two generating
elements (solar batteries S8SCl and 3C2) 20-1 and 20-2,
20 the voltage conversion unit ({(step-up/down circuit) 31,
and the electricity storage element (BAT) 40, which is a
secondary battery, by contreolling the gate voltage to
the switches SW1 to S5We.
[0071]
25 In the electric power path formed by the power
switch circuit 32 of Fig. 5 from the generating elements
20-1 and 20-2 to the electricity storage element 40,
patterns shown in Figs. 6 and 7 exist,
(00721
30 A path PTA is formed as a path directly connecting

the generating element (5CZ) 20-2 and the electricity
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5P262791W00 state. The m nus side of the generating element (SC2) is in
open-state. [0073] Fig. 8 shows the gate voltage of each of the 5 switches
for controlling the electric power path of the power switch circuit
according to the present enbodinment in the formof a truth table. [0074]
Figs. 9 to 20 show the flow of electric power 10 throwlEeZAelEbeetri c power
paths PTA to PTL selectively fornmed by the power switch circuit according
to the present enbodi nent. [0075] (Path PTA) 15Fig. 9 shows the flow of

el ectric power through the electric power path PTA selectively formed by
the power swidwiyeciebenrttaeeording tige ﬁ@Cpnésemtb@mm’nent.

When the path PTA |s §e£3 §t %V@%{]m%dssw tches on%r O]f}éjﬁ“% gc\{\g are controlled

to be on while theP&'t e off, so that

t he el ect r asmiguee eﬂ@bﬁELédeﬁxﬁ@ﬁtfﬂcﬁb ﬁif@@bhb@ageﬁ@ralémel @mnt (SC2) 2 is
output to an output term nal VOUT toward the el ectr|C|ty storage el ement
40, i.e., tHE25%&86nBARGEbhtt el B PeELement 40, 1.

5 secondary battery, via the voltage ccnversicn unit
{step-up/down circuit) 31.

A path PTC is formed as a path directly connecting
the generating element (SCl) 20-1 and the electricity
storage element 40, i.e., the secondary battery.

10 A path PTD is formed as a path supplying the
output electric power from the generating element (5C1)
20-1 to the electricity storage slement 40, i.e., the
secondary battery, via the voltage conversion unit
(step-up/down circuit) 31.

15 A path PTE is formed as a path connecting the
generating element (5C1l) 20-1 and the generating element
(3C2) 20~2 in series and directly connecting the
electricity storage element 40, i.e., the secondary
battery, to the series connection.

20 A path PTF is formed as a path supplying the
output voltage of the generating element (SCl) 20-1 and
the generating element {5CZ) 20-2 connected in series to
the electricity storage element 40, i.e., the secondary
battery, via the voltage conversion unit (step-up/down

25  circuit) 31.

A path PTG is formed as a path directly supplying
the cutput electric power from the generating element
(5C1y 20-1 and the generating element (35C2) 20-2
connected in paralliel to the electricity storage element

20 40, i.e., the secondary battery, without passing it

through the wvoltage conversion unit 31.
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(Path PTB) Fig. 10 shows the flow of electric power through the electric
power path PTB selectively formed by the 30 power switch circuit according
to the present enbodi nent. SP262791W00 When the path PTB is

sel ected, the switches SWL and SWb are controlled to be on while the
switches SW2 to SW and SWs are controlled to be off, 3taAVRLIWORE

el ectronotive force (current 12) fromthe generating 5 elenent (SC2) is
output to an output terminal DDO toward the voltage conversion unit
(step-up/down circuit) 31. [0077] (Path FTC) Fig. 11 shows the flow of

el ectric power tHr oagh ROHEt he &bweidizs powerhpathpFIO:seliectively forned by

the power switch circuit accordi to .t he present enbodi nen When
the barh Fret e Bt PR PP i TR e FLE AT DS whil e tho

swi t ches SVg-anthSWhet @e3¥6s ai €y COdald gdco be-of Eonsectdmtirt he
el ectronotive force (current Il) fromthe generating elenent (SCl) 20- 1 is
out put to tPEFdUtHuUt EPRI RAFC VO Lo 3Cke CeFBREFi 67t vy stor age el enent

40, i'eﬁ’ L %§QQQQ%&¥ géEE@£¥; 39£0Q%§%MQE%5Q PIRersion uhi@- 12 shows

the flow of electric power through the electriic power path FTC sel ectively
formed by t hetgrowsy/deowint chrciitlui$laccording to the present 25 enbodi nent.
When the path PT istés\%@gted,fépfg wtch SW is controlled to be on and
the switches SW1 £6 ;- Sb, A V6 &r €-controrTed to be on, so that the

ocutput from the generating element (8Cl} to the vcltage
conversion unit (step-up/down circuit) 31, connecting

10  the output from the generating element (5C2) 20-2 in
parallel, and supplying the output electric power from
the parallel connection te the electricity storage
element 40, i.e., the secondary battery.

A path PTJ ils formed as a path supplying the

15  output from the generating element (8C2) 20-2 to the
veltage conversion unit (step-up/down circuit) 31,
connecting the ocoutput from the generating slement {SC1)
20-1 in parallel, and supplying the cutput veltage from
the parallel connection to the electricity storage

20 element 40, i.e., the secondary battery.

A path PTK 1s formed as a path opening all the
generating element (SCl) 20-1, the generating element
(sC2) 20-2Z2, and the electricity storage element 40. At
this time, the minus side of the generating element

25 (8c2) 20-2 is grounded and used as a path for measuring
the open voltage of the generating element {solar
battery).

A path PTL is formed as a path opening all the
generating element (SC1l) 20-1, the generating element

30 (8C2) 20-2, and the electricity stcocrage element 40. At

this time, a&ll of the switches SWl to 3W6 are in off-



el ectronmotive force (current Ii) fromthe generating 30 el enent (SCl) 20-1
is output to the output term nal DDO toward the voltage conversion unit
(step-up/down 822627 91W00 circuit) 31. [0079] (Path PTE) Fig. 13 shows
the flow of electric power through 5 the electric power path PTE
selectively formed by the power switch circuit accor didRg&20 stlietpr esent

enbodi nent . When the path PTE is sel ected, the switches SWB and
5Ws are controlled to be on while the switches SW, 10 SW2, SW, and SWb
are controlled to be off. Thus, the electronotive force (current

.) from tdewgenerhti ngned eneirt ofSChe 20ndranthd hel exdeedt r(6GABti we force
(current 12) fromthe %eneratl ng elenent (SC2) 20- 2 are output in series
to the out FEMTATSVOUT 15 toward the el ectricity storage el ement 40,
i.e., the sgnprdary battery. Because the two generating el ements
20-1 and 20-2 are connected in series, |i = 12 = Tout (output current to
VOUT) . 20[ 0080] (P&t hePTEyvTFgie D& $hows ‘EHE PF oo e*“cl”t@rl c power through

the el eat i, poves. paLhoRIE. sel ect el ¥ fored by Lhe, paver: swd ch ci rouit
(0]

according to the present 25 e en t e pat PRF IS
sel ect ed, tx;lrrmesawmh@s SW\8cand & matigicc dt tbkl pdetenbesrorpditridre t he
Swi tches S\/}l_l ‘:‘i)e fom ofand ngatr%controlled to be off.
[0074]
Figs. 9 to 20 show the flow of electric power

10 through the electric power paths PTA to PTL selectively
formed by the power switch circuit according to the
present embodiment.

[0075]
{Path PTA}

15 Fig. 92 shows the flow of electric power through
the electric power path PTA selectively formed by the
power switch circuit according to the present
embodiment.

When the path PTA is selected, the switches SW1l

20 and SWé6 are controlled to be on while the switches SW2
to SW5 are contrcelled to be off, sc that the
electromotive force (current I2}) from the generating
glement {(SCZ) 2 is output tec an output terminal VOUT
toward the electricity storage element 40, i.e., the

25 secondary battery.

[007¢]

{Path PTB)

Fig. 10 shows the flow of electric power through
the electric power path PTB selectively formed by the

30 power switch circult according to the present

embodiment.



Thus, the electronotive force (current 11) from 30 the generating el enent
(SCl) 20-1 and the electronotive force (current 12) fromthe generating

el enent (502) 20- SP262791W00 2 are output in series to the output
termnal ODD toward the voltage conversion unit (step-up/down circuit) 31.
Because the two generating el enents 20-1 and 20-2 are sx@@:gctgdoin series,
i = 12 = lddo (output current 5to DDO). [0081] (Path PTG Fig. 15 shows
the flow of electric power through the electric power path PTG
selectively fornmed by the 10 power switch circuit according to the present
enbodi nment . WheWhehet hbetpat®B REGsied csekect ede $dhecswist civds SW, SW2,

and SWs are controlledto be.on while the switches SWB to SW are
control | ed 38 b&  off e fg?ﬁﬁg}f?%etOelbfctoflor"l’%tlll§et?’8r?:‘élt(%[iﬁsresmz i) fromthe

generating i@ eMRNtnSCHE 20 loand-dihe elechbeonpti ves forse weurrent 12) from
the generating elenment (S02) 20- 2 are output in parallel to the output
term nal VOUBAtoWErd [vhe fereet rywingitstlor agaoel Efented®;abing | the 20

secondary DALLRIY (sco) eﬁsBﬁﬁé‘}Hﬁe ddeyd \%t%%@etéh'nﬂgaflﬁ@@o%a%% 1 and 20-2

are connecte I'n para Tout output current to VOUT). [0082]
the voltage conversion unit (step-up/down circuit) 31.

[0077]
{Path PTC)
Fig. 11 shows the flow c¢f electric power through
10 the electric power path PTC selectively formed by the
power switch cilrcuit according te the present
embediment.

When the path PTC is selected, the switch SW2 is
contrelled to be on while the switches SW1l, and SW3 to

15 SW6e are controlled to be off, so that the electromotive
force (current 11} from the generating element (SCL) 20-
1l is output to the output terminal VOUT toward the
electricity storage element 40, i.e., the secondary
battery.

20 [0078]

{Path PTD)

Fig. 12 shows the flow of electric power through
the electric power path PTD selectively formed by the
power switch circult according to the present

25 embodiment.

. When the path PTD is selected, the switch SW4 is
controlled to be on and the switches SW1 to SW3, S8W5,
and SW6é6 are contrelled to be on, so that the
electreometive force {current Il} from the generating

30 element {8C1) 20-1 is ocutput to the output terminal DBDO

toward the voltage conversion unit (step-up/down
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25(Path PTH) Fig. 16 shows the flow of electric power through the electric
power path PTH selectively fornmed by the power switch circuit according to
t he present enbodi nent. 30When the path PTH is selected, the switches SW
and SWb are controlled to be on while the switches SW. 5P262791W00 to SW
and 5Ws are controlled to be off. Thus, the el ectronotiizé2f/GREecs
(currentfromthe generating elenent (SCl) 20-1 and the el ectronotive force
(current 12) fromthe generating elenent (502) 20- 5 2 are output in
parallel to the output term nal DDO toward the voltage conversion unit

(st ep-up/ dowrceiirr¢uiBt) 31. Because the two generating elenments 20-1
and 20-2 ar (ﬁ%gnected in parallel, Ii + 12 = lddo (output 10current to
000). [0083 th PTI) Fig. 17 shows the flow of electric power through

the electric powerapat brP) | selectively forned by the 15 power sw tch
circult accordin%lto Egesggggegia%ﬁ?ﬁpggeggectrlc power through
5 the electric power path PTE selectively formed by the
power switch circuit according te the present
embodiment.

When the path PTE is selected, the switches SW3

and 3Wé¢ are controlled to be on while the switches SWI1,
10 SW2, SW4, and SW5 are controlled to be off,

Thus, the electromotive force {(current I1) from
the generating element {5Cl} 20~1 and the electromctive
force (current I2) from the generating element (3CZ2) 20-
2 are output in series to the cutput terminal VOUT

15 toward the electricity storage elemsnt 40, i.e., the
secondary battery.

Because the two generating elements 20-1 and 20-2
are connected in series, Il = IZ = Iout (output current
to VOUT).

20 [0080]

(Path PTE)

Fig. 14 shows the flow of electric pcwer through
the electric power path PTF selectively formed by the
power switch circult according te the present

25 embodiment.

When the path PRF is selected, the switches 3W3
and SW5 are contreolled to be on while the switches 3Wi,
SW2, SW4, and 8We are contrelled to be off,

Thus, the electromotive force {(current Il} from

30 the generating element (SCil) 20~1 and the electromotive

force {current I2) from the gensrating element ({3C2) 20-
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When the path PTlI is selected, the switches SWL and SW are controlled to
be on while the swtches SW2 to 5Wb are controlled to be off. 20Thus, the
el ectronotive force (current 1i) fromthe generating elenent (SOTI) 20-1 is
output to the output term nal DDO toward the voltage conversion unit
(step-up/down circuit) 31. The electronotive force (curbkZazt’/S1RPCHrom t he
generating elenent (S02) 20-2 is 25 output to the output term nal VOUT
toward the electricity storage elenment 40, i.e., the secondary battery.
[0084] (Path PTJ) 30Fig. 18 shows the flow of electric power through the
el ectric ponverrepathpRtlisebecteévety ther medrby themiSPR627D BWBEGdpowner

switch circuit according to the present enbodinent. . . When the path
PTY is sel dated? REC s TERES: S-SV & “SHd “B0BCA? e“HBREH ! 1%

are’tc €d to be on
whil e the switcheschuS¥BinSWwo afith<SWh :apecContnot | 21 aarke 20f-D.

Thus, the electronotive force (current |I') fromthe generating el enent (SC
20-1 i s outPit aBrEkEcsUtpubefedii nal “VABT~t dfAPd (PREP T €&t55%it y st or age
el ement 40,1 .8, the secondary battery. The 10 el ectronotive force
(current 12) fromthe generating elenent (S02) 20-2 is output to the out put
term nal DDOG%oward the vol tage conversion unit (step-up/down circuit) 31

[ 0085] 15(Path PTK) 9 shows the flow of electric power through the

. | tFlgT
el ectric power path PTK§ | ectively forned by the power switch circuit

according to therpgesept seghodineMlow of electric power through
the electric power path PTG selectively formed by the

10 power switch circult according to the present
embodiment.

When the path PTG is selected, the switches SWI,
SW2, and SW6 are contrclled to be on while the switches
SW3 to SW5 are controlled to be off.

15 Thus, the electromotive force (current Il}) from
the generating element (SCl) 20-1 and the electromotive
force (current I2) from the generating element (3C2) 20-
2 are output in parallel to the cutput terminal VOUT
toward the electricity storage element 40, i.e., the

20 secondary battery.

Because the two generating elements 20-1 and 20-2
are connected in parallel, I1 + 12 = Iout [(output
current to VOUT).

[0G82]

25 {Path PTH)

Fig. 16 shows the flow of electric power through
the electric power path PTH selectively formed by the
power switch circult according to the present
embodiment.

30 When the path PTH is selected, the switches SW4

and SW5 are controlled to be on while the switches SWl1
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20In the path PTK, the swwtch SWM is controlled to be on while the swtches
SW to SW are controlled to be off. Thus, the positive el ectrode

si des of the generating elenent (S01) 20-1 and the generating el enent
25(S02) 20-2 are opened, so that no current flows through the electric
power path of the power switch circuit 32. However, tI¥¢26&7etHCEW al one i s
on so that an open voltage Vop of the generating elenent (SCl) 20-1 and the
generating el enent (S02) 20-2 can be neasured. 30[0086] (Path PTL)
5P262791W00 Fig. 20 shows the flow of electric power through the electric
power path #RTIswgekedt Ewel yrd aravedddy etthéoposertdwi tch circuit according to

the present enbodjnent. Sin the path PTL, all of th i.tches SWL to SW6
are in off-stat e:rh‘é?)’ t WAt E{]lheecrmégg?tﬁgec%??%%t (?T%erethﬁ\(%g%rf)ﬁe electric
power path ofe feecpaWehy SN dEdhici raait 2321 £R@8T]e 1DAGCAIicrgvEO t he

present enbodi nent, one of the electric power paths such as shown in Fig.
21 is sel ect®&@ehy cbRE=RBNE 4 oI T tHhe FErsratont roteifitt &F<9r <Fhe second

control sunit 33 @%Egﬁgi ng on-the. .eny rLaanent ., suchas,dil Ipsy nance and
tenperature. Thus, e maxi mum 15 el ectric power can be obtained fromthe

gener at i ng shvenentbe(sol argdbatdrerdmeson20nat asteptwesigvegar dl ess of

illum nanceciorrcuti%r)rpgﬁz.it ure.

Because the two generating elements 20-1 and 20-2
are connected in parallel, Il + IZ = Idde {(cutput

10 current te DDO}.

[0083]

{Path PTI}

Fig. 17 shows the flow of electric power through
the electric power path PTI selectively formed by the

15 power switch circuit according to the present
embodiment.

When the path PTI is selected, the switches SWl
and SWE are controlled to be on while the switches SWZ
to SW5 are controlied te be off.

20 Thus, the electromotive force (current I1) from
the generating element (3C1l) 20-1 is output to the
output terminal DDO toward the voltage conversion unit
(step-up/down circuit} 31. The electromotive force
{current I2) from the generating element (8C2) 20~2 is

25 output to the cutput terminal VCOUT toward the
glectricity storage element 40, i.e., the secondary
battery.

[0084]

(Path PTJ)

30 Fig. 18 shows the flow of electric power through

the electric power path PTJ selectively formed by the
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For exanple, when the electric power path is switched based on illum nance,
the electric power path 20 is swtched on an illum nance basis as shown in
Fig. 22. There nay be a path that does not require swtching, depending on
the characteristics or circuit configuration of the generating el enents
(solar batteries) 20. 25Wien the illum nance is at thesdgemumoothe maxi num
operating point voltage of the generating elenents (solar batteries) 20-1
and 20-2 is very low. Thus, the generating elenments (solar batteries) 20-1
and 20-2 are connected in series so as to increase the 30 voltage, and the
vol tage is f&@e:1 esiherebeettiti dycstdrageelkereptedbnti.e., the secondary
battery, via the SP262791WO00 voltage conversion unit 31. When t he
out put cur r@MeH Mt he generating el enents (solar batteries) 20-1 and 20-2

is too low, the edh%%t rhe poverpef ficieneyrah,t BgesteP-Mp-Ligguit 5
decr eases. When the illunminance is increased to some extent t he

el ectric powet, efrfd @Wénéy%f:omh@@%étm deponerhpat ht PTE hekdres hi gher
t han th%t og §heS éle%t rc'il gwgog\@% (pc%{lr d JCQ)TQI S %jg due to the fact that

t he maxi’mun operati‘ng point voltage o e generating el ements (solar
batteries) 20-1 amdsZOtBecanmmmdmbuﬂmgekues wetihoatt © paisisifwgrt hr ough t he

vol t age converS|on uni t 31%%% roache§ t charg % vol tage of the
electricity ﬁ%‘%?ﬁ?@&énglﬁ n9005G e 20¢he Ss&B6RYAr y° bHtg ery. When

the illum nange.d sc8%eRahi gbet, t&b@rcpaéﬂb Rid-¢enneeli 8g-1 e generating
el enents (solar batteries) 20- 1 and 20-2 in parallel and passing through

the step-upekinwui t40,0F -Bhe pae hsPTM{ahe PedrergquiVed ent circuit as 20
erH) connecti D 16, 39kat ALY eLLe% A PAMISenARHl-PRSRLEG Ll ough the

step-down circuit 1s selec
element (8C2) 20~2 is output to the output termingl DDO

toward the voltage conversiocn unlt (step-up/down
circuit) 31.
[G085]

15 {Path PTK)

Fig. 19 shows the flow of electric power through
the electric power path PTK selectively formed by the
power switch circuit according to the present
embodiment.

20 In the path PTK, the switch SW1 is controlled to
be on while the switches SW2Z tc SWé are controlled to be
off.

Thus, the positive electrode sides of the
generating element (3C1) 20-1 and the generating element

25 (8C2) 20-2 are opened, sc that no current flows through
the electric power path of the power switch circuit 32.

However, the switch SW1 alone is on so that an
open volfage Vop of the generating element (SCL) 20-1
and the generating element {38CZ) 20-2 can ke measured.

30 (00861

(Path PTL)
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When the illum nance is even higher, the generating elenents (solar
batteries) 20-1 and 20-2 are connected in parallel and the electricity

storage 25 el enent 40,

i.e., the secondary battery, is fed w thout passing

t hrough the vol tage conversion unit 31. When the illum nance is at
st, the generating el ements (solar batteries)s2k2lsard020-2 are

t he hi ghe

connected in parallel

circuit.

enbodi nen
maxi mum o
batteries

drain p
to Smﬁ.%T

and the secondary battery is fed 30 via the step-down

The illum nance may be neasured by periodically SP262791WO00
measuring an open voltage or a short-circuit current of the generating
el ements (sol ar bakt.epies)ord-dhand 202 eE@GBBch@@ﬁEﬁ“ﬁﬁxdu@hthe pr esent

t mnth t he

power 5 switch circuit of the_above configuration, the

pet |?k?ﬁﬁ§lﬁtp@Fefh%aiﬁﬂﬁﬁ%u%QﬁfQngﬁéﬁtf@ﬁ%ﬁ &Y the sol ar

can.de sqmtc&%h@@ui@ hegmiHainednt Bussprovi ding the
advant ageous effect that electric power |oss cah be avoided. 10[0089]

In the powemﬁmﬂnmﬁmuanU|t 32 with the above conflguratlon source and
entials di ther Lrpmpne S Lah &0 aneLheL, apn g%adszwtches SV

hus, theé circu

of edch 'switch IVId signed. In

t he power symécﬂh(ﬁﬂﬂymthtaz s@h@hamumﬁaxpdﬁemblahrnayttﬁk@uo V, Vbat
(chargi ng voltage of the secondary batt ﬁ y Voc gen voltage of the solar

battery),

10

15

20

25

30

o At ECmEd PAE B ¥ UE o fP

circuit 32.

[0087]

switch

Gt “PhePEBoY

According to the present embodiment, cne of the

electric power paths such as shown in Fig. 21 is

selected by the control by the first contrel unit 34 or

the second control unit 35 depending on the environment,

such as illuminance and temperature. Thus, the maximum

electric power can be cobtained from the generating

elements {(sclar batteries) 20 at alill times regardless of

illuminance or temperature.

For example, when the electric power path is

switched based on illuminance, the electric power path

is switched on an illuminance basis as shown in Fig. Z2.

There may

be & path that does not regquire switching,

depending on the characteristics or circuit

configuration of the generating elements (solar

batteries)

When

20.

the illuminance is at the minimum, the

maximum operating peint voltage o¢f the generating

elements (sclar batteries) 20-1 and 20-2 is very low.

Thus, the generating elements (solar batteries) 20-1 and

20-2 are connected in series s0 as to increass the

volitage, and the voltage is fed to the electricity

storage element 40, i.e., the seccondary battery, via the
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20 depending on the sw tch. In a MOSFET, the threshold val ue voltage
i ncreases as a substrate-source potential difference Vbs increases,

al l owi ng potential destabilization of an on-off operation or increase in
the on-resistance. 25Thus, in the power switch circuit 32, the source and
the substrate are short-circuited for both NMOS and PMI& &0 dttlvatot he
substrate-source potential difference Vbs is 0 V. [0090] 30The switch SW
is constructed of an NMOS. The switches SW2 and SW are constructed of
PMOS's. SP262791W00 While the power switch circuit 32 is driven
fromthe fivstteentddveuBibn34n0f 1he second control unit 34, the control
units are designed with | ogic MOSFETs and therefore have a | ow drive

capacity. Thus, cRay EaRB RLE THIGHH mé FoF EwWPEEH g the switches if the

MOSFETs of &hg.ower sswatChaeidscuid) 3d-ar epdi pechl ysdfdyenw, the
Accordingly, there is desired a configuration in which the MOSFETs are

driven fromidwesonookrunffscidzcy oW darcestapacht ahteaNMOS (MCN) or PMOS
(MOP) . O[OCQQClgeaBecause the switches SWB, SWI, and SWb take | arge source

. Ses. L.
potential vallues, a sufficiently |arge voltage across gate-source necessary

for turning on theeswcheheslwynhatoie e dbt-aknedd A5Thwss d:dreme,is desired a
circuit configuration in which the switches 3W8, SW, and SWb are provided
with a the electric power efficiency of the electric power path

PTE becomes higher than that of the electric power path

oTE,

10 This iz due to the fact that the maximum operating
point voltage ¢f the generating elements {solax
batteries) 20-1 and 20-2 connected in series without
passing through the voltage conversion unit 31
approaches the charging voltage of the electricity

15 storage element 40, i.e., the secondary battery.

When the illuminance is even higher, the path PTH
connecting the generating elements (solar batteries) 20-
1 and 20-2 in parallel and passing through the step-up
circuit, or the path PTM (the same eguivalent circuit as

20 PTH) connecting the sclar batteries in series and
passing through the step-down circuit is selected.

When the illuminance is even higher, the
generating elements (solar batteries) 20-1 and 20-2 are
connected in parallel and the slectricity storage

25 element 40, 1.e., the seccondary battery, is fed without
passing through the voltage conversicn unit 31.

When the illuminance is at the highest, the
generéting elements (solar batteries) 20-1 and 20-2 are
connected in parallel and the secondary battery is fed

30 wvia the step-down circuit.

The illuminance may be measured by pericdically



transm ssion gate configuration having conbi ned NMOS with CMOS so that at

| east one of NMOS and PMOS can be turned on even when the source potenti al
is large. 20[0092] In the power switch circuit 32, the substrate
potential of the MOSFETs is fixed to the source potential, so that a
parasitic diode may be fornmed at a p-n junction porti cpxveniwhen the
MOSFETs are off, 25 resulting in conduction. In the case of NMOS,
when the source potential Vs is higher than the drain potential Vd in
off-state, electrical continuity is established between a p-type substrate

and an n-typedififustanchayere14dyd he caseceh-390-PMOS, ceh et igal
continuity is established between a p- type diffusion |ayer and an n-type
substrat e viHen deReraSPRe27 9evenDs d(r%ilf@fpg’@éﬁ?ifaﬁs’\/dmsl Mathe®than t he
sour ce pot emde%l} Vs in off-state. Thus, in the power switch circuit 32, it
is desirable to ' connect two MOSFETs of the sane type in the 5swi tches SW
to SWb, for exanmpkeprsuchd tbhathd hegpamnasetboddnedeswarte tord entved i n
opposite directions. In _this way, there can be obtained a configuration in
whi oh elPect PTG GORErAti £ FE° 1 o “e8t aBFTafod” even® vkEH it her of t he
potential ofpdihe:ingpubiar eut prd Jeofdfznahy L0chesonescii gheihe For
exanpl e, when the solar battery is connected to one termnal of a switch
and the sectiddr Pabactépy Fanchhredtie® 6t ke BEhBR IR HITal 6fSthe switch,

the VO'tag%n&gﬂ%ﬁnﬁokh@ggbvgﬂtégg%ﬁgﬂé¥feg@tEﬁé¥ ékgg%fgﬁlpower
loss can be avcided.

10 [0089]

In the power switch circuilt 32 with the above
configuration, source and drain potentials differ from
one switch to another among the switches SW1 to 3Wo.
Thus, the circuit of each switch is individually

15  designed.

In the power switch circuit 32, the source
potential may take 0 V, Vbat (charging voltage of the
secondary battery), Voc {(open vecltage of the solar
battery), or an intermediate value of any of the above,

20 depending on the switch.

In & MOSFET, the threshold value voltage increases
as a substrate-source potential difference Vbs
increases, allowing potential destabilization of an on-
off operation c¢r increase in the on-resistance.

25 Thus, in the power switch circuit 3Z, the scurce
and the substrate are short-circuited for koth NMOS and
PMOS so that the substrate-source potential difference
Vbs 1s 0 V.

[0080]
30 The switch SWl is constructed of an NMOS. The

awitches SW2 and SWé¢ are constructed of PMOS's.
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15 becone higher or |ower than the secondary battery voltage due to

illum nance during off-state. Thus, an anti-parasitic di ode neasure may be
required. [0093] Next, a description is given of the 20 characteristics
measurenent circuit 33 of the electric power control circuit and a control
of the electric power path, the voltage conversion unigp,3b7oandothe |ike by
the first control unit 34 depending on a neasurenent result fromthe
characteristics neasurenent circuit 33. 25[0094] <4-2. Configuration
exanpl e of characteristics neasurenent circuit and control of electric

power path on bagh$:eofhLhaeasus engnit: ghestktiThe2 charaetwir Stricgs measur erment
circuit 33 30 includes the function which nmeasures a short-circuit current
and an opent®liiggé 6P tRe! genetr atd M éhendRcendspeB2r1\WIBG CSe, 502) 20-1

and 20'2' the coﬂ%@%@ Qﬂi€£e&£éi&é§%ﬁM@a Q%Eﬂ hB%kHdM@QFé{§3éﬂﬁ tage
conversion unit 31, which includes a step-up circuit and a step-down

circuit, istiselecctredhavheachar attierd stiresi5yredBurenert reivr caike 83 perforns

current-.vol t age (I - measur enent for performn PT ol in the
vol t age 5C0n}l\£/%r%%it %eﬁPF 3t ineh' % i cst‘j"ilttcggsoﬁgr a eendlg%q%ILSe Dsflel ect ed
el ectric powes pakh. sikO09R] c10dhe: fix strecanteak 1Uniiti 3 perforns sel ection

control of the electri¢c power path of the power switch circuit 32 on the
basi s of the nea$GrFerRBREStesufteTs o CRE-ERdr actert sT11 & Eastr enent

circuit 33.,Mhen Lhevekeetti grpoyer,Hathdnehuding:khe volag8 »
low gate-capacitance NMOS (MCN) or PMOS (MCP).

10 106911

Because the switches SW3, SW4, and SW5 take large
source potential values, a sufficiently large volitage
across gate-source necessary for turning on the switches
may not be obtained.

15 Thus, there is desired a circuit cenfiguration in
which the switches 8W3, SW4, and SW5 are provided with a
transmission gate configuration having ccmbined NMOS
with CMOS so that at least one of NMOS and PMOS can be
turned on even when the source potential is large.

20 [00s2]

In the power switch circuit 32, the substrate
potential c¢f the MOSFETs is fixed tc the source
potential, so that a parasitic diode may ke formed at a
p-n junction porticn even when the MOSFETs are off,

25 resulting in conduction.

Tn the case of NMOS, when the source potential Vs
is higher than the drain potential Vd in off-state,
electrical continuity i1s established between a p-type
supstrate and an n~type diffusion layer. In the case cf

20 PMCS3, electrical continuity is established betwesen a p-

type diffusion layer and an n~type substrate when the
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15 conversion unit 31, which includes the step-up circuit and the step-down

circuit,

t he vol tage conversion unit 31 on the basis of a |-V nmeasurenent

when the circuit

is selected, the first control unit 34 perfornms MPPT control in

resul t

is operated in the selected 20 electric power path. [0096]

[ Met hod of controlling characteristics measurenent cirgauez)7eGanecal |y, when
charging is to be perfornmed with 25 high energy efficiency on the basis of

charging by a generating elenment (solar battery),
control and using a step-up circuit

enbodi nent , didirordeentozachi eve higlerenengy tetf scuene ypeharigiang,
is 30 perforned sgph that the circuit configuration of the solar
chargi ng ciftuit °¢ansb&®ptin zed by SP262791W00 freely modifying the

connection of onengk, a; Pl walddye.0fsgener at b-ng; el enent:s i(ssol ar batteries)
or the connection of the voltage conversion unit (step-up and step-down)
circuit. 5Specifabcal by, comorderva MMGFaTiszefanheps#pnt ¥ie dul tthe

a et hod i nvol ving MEET
is used. According to the present

a contro
battery

configu%atiq@i%%e%h Wgowgrsﬁg@tfgk(%#gﬁﬁﬂé Sggcgntgg i control of the
power sw tch ciTcCUi 2 i's performed on the basis o e nmeasurenent result
from the charactiericstic8egeasarenentteei reubpprd8itd0f 009 ions. InFig. 23

illustrates a first function exampl e of the ch%racteristics nea%urenent
%%ﬁﬁﬁﬁ

circuit accobdi nig¥ro "tRES presemt

10

15

20

25

30

eﬁeﬁt;on iguration in whic
electrical continuity is not be established even when
either of the potential of the input or output terminals
becomes higher,

For example, when the solar battery is connected
te cone terminal of a switch and the secondary battery is
connected to the other terminal of the switch, the
vbltage {open voltage) on the solar battery side may
become higher cr lower than the secondary battery
voltage due to illuminance during off-state. Thus, an
anti-parasitic diode measure may be reguired.

(00831

Next, a description is given of the
characteristics measurement circuit 23 of the electric
power control circuit and a control of the electric
power path, the voltage conversion unit 31, and the like
by the first control unit 24 depending on a measurement
result from the characteristics measurement circuit 33.
[0094]

<4-2. Configuration example of characteristics
measurement circuit and control of electric power path
on basis of measurement result>

The characteristics measurement circuit 33
includes the function which measures a short-circult

current and an open voeltage of the generating elements

54



Fig. 24 illustrates a second function exanple of 15 the characteristics
nmeasurenment circuit according to the present enbodi nent. [0098] A
characteristics neasurenent circuit 33a shown in Fig. 23 measures an open
vol tage Vopl and a short- 20 circuit current Ishl of the generating el enent
(501) 20- 1 and an open voltage Vop2 and a short-circuid;, gurnenpgl sh2 of
the generating elenment (S02) 20-2 so as to obtain electric power path

sel ection informati on. The characteristics neasurenent circuit 33a 25
supplies the neasurenment result to the first control unit 34 in the form of
a digital signal .sd:0099] 1A-chas@cteristics nmeasurenent circuit 33b shown in
Fig. 24 nmeasures a voltage Vol of the generating elenment 30(SC) 20-1 and a
vol tage V02 of tﬁ@e@eﬁérai$%©*%¢éﬁﬁﬁﬂ?G@G?)12912d5@9a%hﬁcyqﬁ§ﬁ9@rnlthe | -V

measuri ng operatigr Q”§§E§22z91V$%ECAQﬁ“;&%6 Fe PT.cQ tr |CLEHEJQQ§JaCtEFIStICS

measur enent CIFCUIt efef mnes sev resi stor values R so
as to provigesttdie-chasi sitonian appsoddarside cmgvehmfattmmisﬂidi curve. The
CharaCt%rlSéééghgg%ggér%qggglgl£§UItr§§¥%s current-voltage (I-V)
measurement for performing MPPT control in the voltage
conversion unit 31 when a circuit is operated in the
selected electric power path.
(00957
10 The first control unit 34 performs selection
control of the electric power path of the power switch
circuit 32 on the basis of the measurement result from
the characﬁeristics measurement circuit 33.
When the electric power path including the voltage
15 conversion unit 31, which includes the step-up circuit
and the step-down circuit, ls selected, the first
control unit 34 performs MPPT control in the voltage
conversicn unit 31 on the basis of a I-V measurement
result when the circuit is operated in the selected
20 electric power path.
[0096]
[Method of controlling characteristics measurement
circuit]
Generally, when charging is to be performed with
25 high energy efficiency on the basis of charging by a
generating element (solar battery), a method involving
MPPT control and using a step-up circuilt is used.
According to the present embodliment, in crder to
achieve high energy efficiency charging, a control is
30 performed such that the circuit configuration of the

solar battery charging circuit can be optimized by
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supplies the neasurenment result to the first control unit 34 in the form of

a digital signal. In this case, information of the resistor value Ris
i ncluded. The 10 current | during operation is determ ned by V/R [0100]
[ Di scussi on of selection of electric power path] When there are two

generating elenents (solar batteries) 20-1 and 20-2 acgordalingyhect he
present 15 enbodinent, a first state and a second state may be present, as
descri bed bel ow. The first state is a state where at |east one of
the two generating elenents (solar batteries) 20-1 and 20-2 is operating.

20The secong: i3} 6.dS Jishat e Wl & neidher: ehet Be LWo generat idyg el ements
(solar batteries) 20-1 nor 20-2 is operating. [0101] Basically, according

to the presgneraodi wepren2s {#eldy rsttegnerol otnihe 34omEirds a current
at a |oad side volfage at ﬂE99e£%{'§nQI SEr Qs 99@”58@9@%5—”@0 current at a
e 0 1 71'el “conne and

| oad side voltage at the tine para tron, sel écts the
el ectric powmefrcyiat.h such that higher electric power path can be obtai ned.
30[ 0102]_ Conditiaons faor selectjng th el ectr ilgzgower at h " 5P262791W00 PTA

are the ol | owi ngPo9die & Vidc! 1 )to rea an optimu

circuit configuration of the power switch circuit 32, an
optimum control of the power switch cilrcuilt 32 is
performed on the basis of the measurement result from
the characteristics measurement circuit 33.

10 [0G97]

Fig. 23 illustrates a first function example of
the characteristics measurement circuit according te the
present embodiment.

Fig. 24 iliustrates a second function example of

15 the characteristics measurement circuit according to the
present embodiment.

[0098]

A characteristics measurement circuit 33a shown in
Fig. 23 measures an open voltage Vepl and a short-

20  circult current Ishl of the generating element (SCl}) 20~
1 and an open voltage Vop2 and a short-circuilt current
Ish2 of the generating element (SCZ) 20-2 so as to
obtaln electric power path selection information.

The characteristics measurement circuit 33a

25 supplies the measurement result to the first control
unit 34 in the form of a digital signal.

[00597].

A characteristics measurement circult 33b shcwn in
Fig. 24 measures a voltage VCl ¢f the generating element

30 (8C1l} 20-1 and a voltage VCZ of the generating element

(3C2) 20-2 so as to perform the I-V measuring operation



| pn2 < iddc_m n(A-2) Vpnm2 * lpnR * Eff_ddc (Vpn2, IpnR) < 12
(Vbat) * & 5Vbat (A-3) (A-1)11(A-2)11(A-3) When the electric power
path PTE is selected, Vref = Vpn2. [01031 10Eff ddc(l) indicates electric
power efficiency (0 - 1.0) of the step-up circuit of the voltage conversion
unit 31 at the current value |I. Eff ddc(l) can be set as a-fiixed;
coefficient at the tinme of designing. Vpnm indicates an expected vol tage of
the 15 generating elenent (SCl) 20-1 at the time of MPPT control when the
open voltage is Vopl. VpnR indicates an expected voltage of the generating
el ement (502), 29:.2,ab+t he,tige, of MPPT control when the open voltage is
Vop2. 20Vddc m n indicates a mni mum open voltage as a threshold val ue for
per form ng conne@‘&ueonh@han‘germtztdrﬁeK@@ﬁ@tﬁ:atﬂeng el erent sSYs0l ar batter| es)
20-1 and 20: mn |nd|cates a.short-circui curre as a

t hr eshol d v%ﬁ & RS Spér f38§m ng- COnnecti 6f ¢Range’ 8t "the' 7% G gener Pating
el ement s (solar: deatrher bas) s 2004 anthp-cZinvbhat cAdé cat esha whar gi ng vol t age
of the electricity storage elenment 40, i.e., the secondary battery.
5 curve.
The characteristics measurement circuit 33b
supplies the measurement result to the first control
unit 34 in the form of a digital signal. In this case,
information ¢f the resistor value R is included. The
10  current I during operation is determined by V/R.
[0100]
[Discussion of selection of electric power path]
When there are twoe generating elements (solar
batteries) 20~-1 and 20-2 according to the present
15 embodiment, a first state and a second state may be
present, as described below.
The first state is a state where at least one of
the twoe generating elements (sclar batteries) 20-1 and
20-2 1s operating.
20 The second state is a state where neither of the
two generating elements (sclar batteries) 20-1 nor 20-2
is operating.
[0101]
Basically, according to the present embodiment,
252  the first control unit 34 measures a current at a load
side voltage at the time of series connection and a
current at a load side voltage at the time of parallel
connecticn, and selects the electric power path such
that higher electric power path can be obtained.
30 [01CZ]

Conditions for selecting the electric power path
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Vref indicates a reference voltage that the first 30 control unit 34
provides to the voltage conversion unit 31 by MITP control. 3P262791W00

[ 0104]

Conditions for selecting the electric power path PTC are as

follows: Vpm < Vddc_min (G 1) 5lpml < lddc_mn (C2) vpm * lpm *
Eff _ddc (Vpm, Ipm) < IlI(Vbat) * Vbat (C3) (C1)F F(dZ2k0G3)

When the electric power path PTD is selected, Vref 10 = Vpm . [0105]

[ Conparison (1) of electric power of paths PTE, PTF, PTG PTH, PTI, and

PTJ] Paths with the maxi mum val ues of the follow ng (E151) to
(J-1) are sghechedinvbabtiioksegies (Vbat) (E-1) Vpm series *
|pm series * Eff _ddc (Vpmseries, Ipmseries) (F-1) The paths are

el i mi nated from &&ardi da¥édcuieh any®20 of the foll owing conditions for
operation of the.sfepzUpsgireuit is not satisfied: Vpmseries > Vddc_mn
| pm series > Iddé%mgn< - é)‘V\h@gn the electric power path PTFF is
sel ected, 25 Vrefvpm2Vpniseliestiff ddc (VpmZ, IpmZ) < IZ (Vbat) * &

5

10

i5

20

25

30

Vbat (A-3)

(A-1) || (A-2) |1 (A-3}

When the electric power path PTB is selected, Vref
= VpmZ2.

[0103]

Eff ddc{I} indicates electric power efficiency (0
- 1.0} of the step-up circuit of the voltage conversion
unit 31 at the current wvalue I. Eff ddc{I) can be set as
a fixed coefficient at the time of designing.

Vpml indicates an expected voltage of the
generating element (3Cl} Z0-1 at the time of MPFT
control when the open voltage is Vopl.

Vpm2 indicates an expected voltage of the
generating element ({(8C2) 2Z0-2 at the time of MPPT
control when the open voltage is VopZ.

Vdde min indicates a minimum open voltage as a
threshold wvalue for performing connection change of the
generating elements (solar batteries) 20-1 and 20-2.

Idde min indicates a sheort-circuilt current as a
threshold wvalue for performing connection change cf the
generating elements (golar batteries) 20-1 and Z0-2.

Vbat indicates a charging voltage of the
electricity storage element 40, i.e., the secondary
battery.

Vref indicates a reference voltage that the first
centrel unit 34 preovides to the voltage conversion unit

31 by MTTP control.
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Vbat * fI1 (Vbat) + 12 (Vbat)}(G 1) Vpmparallel * Ipmparallel * Eff_ddc
(Vpm parallel, I'pmparallel)(H1) When any of the foll ow ng
conditions for operation 30 of the step-up circuit is not satisfied, the
paths are elimnated from candi dates: 5P262791WO00 Vpm parallel > Vddc_mn
| pm parallel > Iddc_mn When the el ectric powersmpabholPfbohs

sel ected, Vref = Vpmparallel. 5[0106] [ Conparison (2) of electric
power of paths PTE, PTF, PTG PTH, PIl, and PTJ] Vpm Ipm * Eff_ddc (Vpm,
lpm) + Vbat * 12(Vbat) (1-1) 10Wien any of the follow ng conditions for
operation ofyitthe step-up circuit is not satisfied, the paths are elim nated
from candidates: Vpnl > Vddc_min Ipnl > Iddc_min 15When the el ectric power
path PTl is sel e€reditipef Soymglecting thypaPestfphoveEf faghdc (\VpnL,

lp) + VbaEtTC* alrle( Yoat) (I 1),
Veml < Vddc min {C-1}
5 Ipml < Iddc min (C-2)
Veml * Ipmi * Eff ddc {Vepml, Ipml) < Il(Vbat} *
Vbat (C-3)
{C-1) 11 (C=2) |t (C-3}
When the electric power path PTD is selected, Vref
10 = Vpml.
[01C5]
{Comparison (1) of electric power of paths PTE,
PTF, PTG, PTH, PTI, and PTJ]
Paths with the maximum values of the following {(E-
15 1) to {J-1) are selected:
Vbat * Iseries (Vkat) (E-1)
Vpm_series * Ipm series * Eff ddc (Vpm_series,
Ipm series) (F-1)
The paths are eliminated from candidates when any
20 of the following conditions for operation of the step-up
circuilt is not satisfied:
Vem_series > Vddc min
Ipm series > Iddc min
When the electric power path PIFF is selected,
25 Vref = Vpm series. _
Vbat * {I1 (Vbat) + I2 (Vbat}} {G-1)
Vpm parallel * Ipm parallel * Eff_ ddc
(Vpm parallel, Ipm parallel) {H~1)
When any of the following conditions for operation
30 of the step-up circuit is not satisfied, the paths are

gliminated from candidates:
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When any of the follow ng conditions for operation 20 of the step-up
circuit is not satisfied, the paths are elimnated from candi dates: VpnR2 >
Vddc_min lpn2 > lddc_min When the el ectric power path PTJ is
sel ected, Vref 25 - VpnR. [0107] Next, other nethods will|l be descri bed.
Wien there are the two generating el enents (sol ar batteri®esk126pd and 20-2
and at | east one of themis 30 operating, there are the follow ng patterns
of operation state. SP262791W00 (1) The two generating el enments
(sol ar batteries) 20-1 and 20-2 are connect ed. (2) The two

generating el enerts %gg&@iepaitﬁg&gthgo-l and 20-2 are in a generating
operation state. "57(3) The two generating elenents (solar batteries) 20-1

and 20-2 are perflompPagaalgeneratdngioperation in substantially the sane
state. (4 fhe 1 yo ec“g{oav}ér”ga%he% t?s(é%e%dtet%?t tgLies) 20-1
t es

and 20-2 have diF?Eren génerating operation Sta ue 'to the influence
of shades of Ugie darkelel. (5) One is performng a generating operation
while the other is performng hardly any generating operation due to the

i nfl uence of’sHHdes or the Iike. (6) Only one of the two

generating el enentsmpaol asn 102 pats el1ie8) :20pdwand,20s 2 1i$ wennected. [0108]
[Determ nation as to whether the generating el enent (solar battery) is in
gener at i ng Bper d&G%n P§Hat 81, and PTJ]

Voml Ipml * Eff ddc (Vpml, Ipml) + Vbat * IZ(Vbat)
(I-1}

10 When any of the following conditions for operation
of the step-up clrcuit is not satisfiled, the paths are
eliminated from candidates:

Vpml > Vddc_min
Ipml > Iddc min
15 When the electric power path PTI is selected, Vref
= Vpml.
VpmZz * Ipm2 * Eff ddc (VpmZ, IpmZ) + Vbat *
11 (Vbat) (J-1)
When any of the feollowing conditions for operation

20  of the step-up circuit is not satisfied, the paths are
eliminated from candidates:

VpmZ > Vddc min

Ipmz > Iddc_min

When the electric power path PTJ is selected, Vref

25 = YVpm2 .

[0107]

Next, other methods will be described.

When there are the two generating elements (solar
batteries) 20-1 and 20-2 and at least one of them is

30 operating, there are the following patterns of operation

state.
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20Determ nation as to whether the generating elenments (solar batteries)
20-1 and 20-2 are in a generating operation state is made by determ ni ng
the follow ng conditions concerning the short-circuit current. 25[0109]

[ Expression 1] Ishlsh mn where Ish mn indicates a m ninumshort-circuit
current at which it can be recogni zed that the sol ar 3datitcenypons
perform ng a generating operation and the resultant electric power is
significant. SP262791W00 [0110] [ Two generating el ements (sol ar
batteries) 20-1 and 20-2 are both in generating state] Wen both of the two

generating el enentis sel ako SydattLriRs)e120=btands20:2 W@ dled)generating
state, the follow ng seven states are considered. [0111]] State (1): Vop_mn

Vo _f + Vphe ¥ aadyddc?sérpatprEaostate (2): Vdde_seVpm f + Vpn2_f < VBAT
State (3): BATVpr)fTﬁevpﬂg—geﬁéé§¥¥%gp%lements (solar batteries)

20~1 and 20-2 are in a generating operation state.

5 {3) The twe generating elements {sclar batteries)
20-1 and 20-2 are performing a generating operation in
substantially the same state.

{4) The twce generating elements (sclar batteries)
20~1 and 20-2 have different generating cperation states

10 due to the influence of shades or the iike.

(3) One is performing a generating operation while
the other is performing hardly any generating operation
due to the influence cf shades or the like.

{6) Only one of the fwo generating elements {solar

15  Dbatteries) 20-1 and 20-2 is connected.
[0108]

[Determination &s to whether the generating
element {solar battery) is in generating operation
statel

20 Determination as to whether the generating
elements (solar batteries) 20-1 and 20-2 are in a
generating operation state is made by determining the
following conditions concerning the short-circuit
current.

25 [0109]

[Expression 1]

Ish 2 Ish min

where Ish min indicates a minimum short-circuit
current at which it c¢an be recognized that the solar

30 battery is performing a generating coperation and the

resultant electric power is significant.
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State (4): Vddc_pa < Vpm _f + VpnR2_f, Vopl < VAT, 15 Vop2 < VBAT H State
(5): Vopl > VBAT, Vop2 < VBAT State (6): Vopl < VBAT, Vop2 > VBAT 20State
(7): Vopl > VBAT, Vop2 > VBAT [0112] Vpm _f indicates an expected
vol tage of the generating elenment (SCl) 20-1 at the time of MPPT 25 control
when the open voltage is Vopl. Vpn2_f i ndi cat essm@rs-expeehed vol t age
of the generating elenent (SC2) 20-2 at the tinme of MPPT control when the
open voltage is Vop2. Vop_mn indicates a m ni mum open voltage
at which 30 it can be recognized that the generating el enent (solar
battery) is;gerdfiormng a generating operation and the SP262791W00

resul t ant eﬁ ectric power is significant. Vddc se indicates an open
vol tage <1> as a [{TWreshotdavitwe fagrenger flépArpAgbedmeicdd ot (cange of the
generating el it 0 batteries). .20- 20-2. It 5 also indicates a
vol t age as EX @252?131(% \&?g Eeggétg%?“c%tlé%pésﬁ%?%% generated by the generating
el enments i s not miheusbeveneihemn: the velrageiocgnyesstomns ufidla3l is used with
respect to a series cagnnection_of the gresgerati ngael_ enents_ (salar batteries)

20-1 and 20?3 CeEONGRdc “pati idf cal &s Hf opert ¥6IEAGe¥2>° s tHifeshol d val ue

for perfor rﬁm&ﬁ@%‘?@ewﬂ shange ofe thegenrecating el ements (sol ar
batteries) 20-1 and 20-2. It also indicates a voltage as a threshold val ue

at whi ch highierllel ectric power can be obtained by performing the 15 step-up

control using the vaolt .conversiqn uni.t .3 it e to a parallel
connection of th%tﬁgﬁe?gfi n‘ge%wLmelr?leth g%(néaFarl %%??@%iigfd%lf&-sf and 20-2 than
usi ng the generatiang etenments 20-1 and 20-2 in a series connection.

10 State (2): Vddc _se £ Vpml f + VpmZ f < VBAT

rr]

State (3): BAT € Vpml f + Vpmz f < Vddc _pa

State (4): Vddc pa < Vpml £ + Vpm2 £, Vopl < VAT,
15 Vop2 < VBATH

State (3}: Vopl > VBAT, VopZ < VBAT
State (&): Vopl < VBAT, Vopz > VBAT
20 State (7): Vopl > VBAT, Vop2 > VBAT

[0112]

Vpml f indicates an expected voltage cof the

generating element (3Cl}) 20-1 at the time of MPPT
25 control when the open voeltage is Vopl.

VpmZ f indicates an expected voltage of the
generating element {(8C2) 20-2 at the time of MPPT
control when the open voltage is VopZ.

Vop min indicates a minimum open voltage at which

30 it can be recognized that the generating element (solar

battery) is performing a generating operation and the
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20[ 0113] Pse (DDC) indicates electric power that would be
theoretically obtained when Vnpl _f and Vnp2 f are realized by using the

vol tage conversion unit (DDC) 31 with respect to a series connection of the
generating 25 elenents (solar batteries) 20-1 and 20-2 when both of the
generating el enents (solar batteries) 20-1 and 20-2 argsigrraigeperating
state. f(Pse(DDC)) indicates electric power that is actually
obtained in view of the efficiency of the 30voltage conversion unit (DDC)
31 (i.e., Pse (COO) nultiplied by electric power efficiency). 3P262791W00

Wien a curnent,gener ated:bycthe,gener aticag rebepent (301) 20-1 at the tine
of Vmpl f is Inpl_f, a current generated by the generating el enent (302)

20-2 at the tinmeVeficvep fzdizaiap2rf orgrdvahendt hel valsué of a larger 5 one
of 1Ml t andapad -vgﬁugb%@%@@f nangiégléggg%w Appky. [ 0114]
[ EXpr essi on c se - f(Pse | Ibflrrp , Inp 10Pse(DDC) = (Vmpl
f + Vip_f 2)genebilingl efenénp2_fgcl[0lIbjcteries) Ppal DD dndi.cates electric
pover et el ¢ b heorety il Ly obt aned shen Vbl f and Vi L2 are
respect to @.paAl Leheconngcty omOfgdR@ating elements is not
minus even when the voltage conversion unit 31 is used
with respect to a serles connection ¢f the generating
elements (solar batteries}) 20-1 and 20-2.
10 Vdde pa indicates an open voltage <Z2> as a
threshold value for performing connection change of the
generating elements (solar batteries) 20-1 and 20-2. It
also indicates & voltage as a threshold value at which
higher electric power can be obtalned by performing the
15 step-up control using the veltage conversicn unit 31
with respect to a parallel connection of the generating
elements {solar batteries) 20-1 and 20-2 than using the
generating elements 20-1 and 20-2 in a series
connection.
20 10113]
Pse (DDC) indicates electric power that would be
theoretically obtained when Vmpl f and Vmp2Z £ are
realized by using the voltage conversion unit (DDC) 31
with respect toc a series connection of the generating
25 elements (solar batteries) 20-1 and 20~2 when both of
the generating slements {(sclar batteries; 20~1 and 20-2
are in a generating state.
£(Pse{DDC)} indicates electric power that is
actually obtalned in view of the efficiency of the
30 voltage conversion unit {(BDC} 31 (i.e., Pse (DDC)

multiplied by electric power efficiencyl.
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generating elenments (solar batteries) 20-1 and 20-2. f (Ppa(DDC))
indicates electric power that is actually obtained in view of the
ef ficiency of the voltage conversion unit (DDC) 31, i.e., Ppa(DDC) 20
mul tiplied by electric power efficiency. When a vol t age obt ai ned
when the generating elenment (301) 20-1 and the generatgmg-ebepept (302) are
connected in parallel is V(Vhpl _fvnp f2), the follow ng holds. 25[0116]
[ Expression 3] Vddc_pa = f(Ppa(DDC))/ (Impl _f + Inmp2_f) Ppa(DOC) =
V(Vnpl _fvnp_f2) x (Inpl _f + Inp2_f) [0117] 30Wien both of the two
generating el emepts,(S0Lar-bat tRMLSke20n) aRE 20 Ar@pentaenkng a
generating SP262791W00 operation with substantially no shades, the
fol | owi ng cGi#fliir Adtiloati shemetene of Vmplgfgss 28PA) £t 02 26{1EE$how t he
electric power ths, se t ? pey atign st EEQ?eﬁﬁiftﬂ?Hi%” based on the
5 open volfgbg %ngﬁgnkﬁ%eg ﬂ%¥agh§£atﬁngnelgnen s are perfbrning t he
gener at i ng wper atti oppwWeehisubstiant,i anddy whenshadesali®1ldBla larger (1) It is
confirmed that both of the generating
5 one of Impl f and ImpZ f ig” Ib(Impl £, ImpZ2 f), the
following apply.
[0114]
[Expression 2]
vddc_se = f{Pse (DDC))/Ib(Impl £, ImpZ f)
10 Pse (DDC} = {(Vmpl f + Vmp f£2) x Ib(Impl £, Imp2Z f)
[0115]
Ppa (DDC) indicates electric power that would be
theoretically obtained when Vmpl f and Vmp 2 are
realized by using the voltage conversion unit (DDC) 31
15 is used with respect to a parallel connection of the
generating elements (solar batteries} 20-1 and 2Z0-2.
f(Ppa(DDC)) indicates electric power that is
actually obtained in view of the efficiency of the
voltage conversion unit (DDC) 31, i.e., Ppa{DDC)
20 multiplied by electric power efficiency.
When a voltage obtainsed when the generating
element (SCl} 20-1 and the generating element (SC2) are
connected in parallel is V{(Vmpl f || Vmp fZ), the
fellowing holds.
25 [01le]
[Expression 3]
vdde _pa = f{Ppa(DDC)}/(Impl £ + Imp2 f)
Ppa(DDC) = V(Vmpl f | Vmp £2) x (Impl £ + Imp2 £}
[0117]

30 When both of the two generating elements {sclar

batteries) 20~1 and 20~2 are performing a generating
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10el enents (solar batteries) 20-1 and 20-2 are in a generating operation
state by determnation (Ishl Ish mn and Ish2lsh mn) of the solar battery
generating operation state on the basis of the short-circuit current Ish.
15[ 0119] (2) The electric power path is determ ned by operation
state determ nation on the basis of the open voltage \gp: ;Wernchhe

el ectronotive force fromthe generating 20 elenents 20-1 and 20-2 is snal
and the resultant electric power will be mnus after covering the electric
power consunption by the voltage conversion unit (DDC) 31, the first

control unit,34,:seleqlsnt bepel 86t 14 €1 PR HRALR  PTE.ShownjmFig. 25(A) .
251 n the case It 1s smaller than the voltage of the electricity storage

el ement ( BATn#ZGmeverrwhenmetie. generating el enents 20-1 and 20-2 are

connected in series bu es nt el ectric Quer ,can be increased by
st eppi ng-up by tﬁg 9ol &RFC%nV%% |oﬁhﬁﬁ %k % gelcﬂﬁthet?Fgét contro
unit 34 Se|§@1étﬂdM8b@|e@b&aﬁl@@MgﬁaﬂkﬂdhﬂgfﬁlﬁhQW@nlBaEé@ or25(18) .
SP262791W00 In the case it is smaller than the voltage of the

el ectri ci t yPRYbr&ge 36FelfeRt "(BATY A0- 8y FRE*Génefati AgeRtorferit s 20- 1 and

20-2 i ndi vi duatd ¥, Ut hwhen,coppect edhd ekl €Scnt Benyokiage Gf the
electricity storaéégg el e%eﬂt 40 é%ﬁq%e reached, and when theq{esultant

el ectric powerstissicgr.eat er than the power obt ai ned when a parall e

connecti on g 1ﬂﬁed and stepping-up is perforned by the voltage conversion
unit (DDC) ,_ the follow ng applies. 10ln this case, the first control
unit 34 sel ects tihe ekeckritenpomesrd patsh BEEhsShownhé ngdtgrat25(0) . I n

the case it is smaller than the voltage of thg electrlclt storage el enment
(BAT) 40 by®t¥eTgeneratPhg el enehits P 001 ard 36-3 PR VF ally, but when

connected 1o.ddy SaHLesoothe: uhl 1806 ofy thecehefbbl Gt yrstorage el ement 40
can be reached, when a greater resultant electric power can be obtained

by using a 1ﬁnjmﬂnebndoﬁﬁéétkthQuﬂmer@ﬁpﬁhg gplarthatherwol t age conversion
uni t (DDC) égﬁe§4¥%ﬁ%0%%8%%@90§pgééﬁg'on the basis of the short-

circuit current Ish.

15 [01189]

{2) The electric power path is determined by
operation state determination on the basis of the open
voltage Vop.

When the electromotive force from the generating

20  elements 20-1 and 20~-2 is small and the resultant
electric power will be minus after covering the electric
power consum?tion by the voltage conversicon unit (DDC)
31, the first contrecl unit 34 selects the electric power
path PTE shown in Fig. 25(A).

25 In the case it 1s smaller than the veoltage of the
electricity storage element (BAT) 40 even when the
generating elements 20-1 and 20-2 are connected in
series but the resultant electric power can be increased
by stepping-up by the voltage ceonversicn unit (DDC) 31,

30  the first control unit 34 selects the electric power

path PTF shown in Fig. 25(B).

65



20ln this case, the first control unit 34 selects the electric power path
PTH as shown in Fig. 25(D). When the voltage of the electricity
storage el ement (BAT) 40 can be reached by the generating el enents 20-1 and
20-2 individually, the first control 25 unit 34 selects the electric power
path PTG shown in Fig. 25(E). [0120] Wen both of the ¢wo;genenati ng

el ements (solar batteries) 20-1 and 20-2 are perform ng a generating 30
operation although with shades, the followi ng process is perforned.
3P262791WD00 Figs. 26(A) to 26(0) illustrate the process performed when

both of the generaticng ekegent s;{ solan batheni es) 201da@nd 2012 are
performng a generating operation although with shades. [0121] As

shown i n Fi glePe(a) tyevERT MHENS SONART b@ﬁﬂérﬁ@sbﬁhFhed9¢$%¥%%ﬁxbotentlaIs
are connectg ralle N9 bac th e n s 20-1 and
ﬂaéﬁmﬁgz% helng 9% 2 fﬁ#CWX&u Y %E@y&ﬁ%h %% J%?%%?

20-2 occurs an rging can be per orne S mal'| ge of 10
each of thel@emﬁm@ﬁunghelenﬁnage(sbrawabamtamuesﬁyzetdramﬁ 20-2 i s higher

than the voliage of the e ectr|C|t e el enment AT) 40. When
t he ope vo?i Wo§ 6F"oh8 bFETHE ﬁgtg?eﬁ%ﬁ E % hi gher than the

vol t age of éi‘;&:‘@&l&ctplbhﬂ%h:t)isléréei@éﬁg@ﬁ emenbod@r bheageneratdng el enent
does not require stepping-up while the other generating el ement requires

st eppi ng- upp 2B 1HalCOPRECESAR | HUratTbRhEWIPPANBI Y 28(B)T 19i@dd abl y
results. As,shown jn . Eig@ -26(0)s;dD &rﬂet C%%% ohia $EET 851 ZA+RPC)

connection, @a current corresponding to
applies.

10 In this case, the first control unit 24 selects
the electric power path PTE sheown in Fig. 25(C).

In the case it 1s smaller than the voltage of the
electricity storage element (BAT) 40 by the generating
elements 20-1 and 20-2 individually, but when connected

15 in series, the voltage of the electricity storage
element 40 can be reached, and when & greater resultant
electric pcower can pe obtained by using a parallel
connection and stepping-up with the voltage conversion
unit (DDC) 31, the following applies.

20 In this cage, the first control unit 34 selects
the electric power path PTH as shown in Fig. 25(D).

When the voltage of the electricity storage
element (BAT) 40 can be reached by the generating
elements 20-1 and 20-2 individually, the first control

25  unit 34 selects the electric power path PTG shown in
Fig. 25(E}.

[0120]

When both of the twce generating elements (solar
batteries} 20-1 and 20-2 are performing a generating

30 operation although with shades, the following process is

performed.
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di fference between the two generating elenents 20-1 and 20-2 fl ows through
a bypass diode of the generating elenents with a | ower potential, so that

t he phenonenon in which current is limted by the generating el enment 25
with the |l ower potential can be prevented. [0122] When one of the
two generating elenents (solar batteries) 20-1 and 20-&-has3hades and they
are in different generating operation states, the followi ng 30 confirmation
is made. Figs. 27(A) to 27(0) illustrate electric power SP262791W00 pat hs
sel ected by operation state determ nati on based on the open voltage Vop

when the two genefaki ngsehlenentss have dikherent cgensratdng operation
states. [0123] 5(1) By determnation (Ishllsh_ mn and Ish2 ish _mn) of the

sol ar bat t e?§- Gewecatinay Bpek att oM starrerenirHecbaBeRtof | %Qﬂ?IShort circuit
current Is onf.i that, b f ner nts (solar
_ 3 ded 200001 MBA  Lhal, haLh (of Lhe. gener aling. el.grent s (

batteries) 2 arein genera ng operatio [0124]

(2) The el ectada:ipowerl tpat:bhi sideteradared by operation state determ nation
basedAo% thF open voltage Vop. 15in the case it is smaller than the voltage
of the 0lzi]

As shown in Fig. 26(A), even when solar batteries
with different potentials are connected in parallel, no
backflow fto the generating elements 20-1 and Z20-2 occurs
and charging can be performed normally 1if the voltage of

10  each of the generating elements (solar batteries) 20-1
and 20~2 is higher than the voltage of the electricity
storage element (BAT) 40.
Wnen the open voltage Vop of one of the generating
elements is higher than the voltage of the electricity
15 storage element 40, the generating element does not
regulre stepping~up while the other generating element
reguires stepping-up, so that the cenfiguration shown in
Fig. 26(B) inevitably results.
As shown in Fig. 2€{C), in the case of a series
20 {+DDC) connecticon, a current cerresponding to the
difference between the two generating elements 20-1 and
20-2 flows through a bypass diode of the generating
elements with a lower poctential, so that the phenomenon
in which current is limited by the generating element
25  with the lower potential can be prevented. |
(01227

When one of the two generating elements (solar
batteries) 20-1 and 20-2 has shades and they are in
different generating cperation states, the following

30 confirmation is made.

Figs. 27(A) to 27{D} illustrate electric power
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electricity storage el enent (BAT) 40 by the generating el enents (sol ar
batteries) 20-1 and 20-2 individually, and when connected in series but the
resultant el ectric power can be increased by stepping-up with the voltage

20 conversion unit (DDC) 31, the follow ng applies. In this case,
the first control unit 34 selects the electric power paidp-PEryshewn in Fig.
27(A) . In the case it is smaller than the voltage of the electricity

storage elenment (BAT) 40 by the generating 25 el enents (solar batteries)
20-1 and 20-2 individually, but the voltage of the electricity storage

el ement 40 can, be seachedpyhgp. cOMNECt AL dN SeLkRSnathen fhdsdg control unit
34 selects the electric power path PTE shown in Fig. 27(B). 30In the case

t he vol t agetiof darhen elcddericVoy whor dde dvenasneBATRC 40lereantie reached by
one of the generat 2262791W00 el ement s olar batteries) 20-1 and
20-2 indi w%‘aba@l |C‘§ j:Ib{'e(fierﬁ%t gﬁrele:lrc%%lcrhgeao%erat lémoissﬁelrC gener ating el ement

i ndi vi dual | yg1441e foll owi ng applies. In this case, the first control unit
34 selects 5 the electric power path PTI or PTJ shown in Fig. 27(0).

When t he vol t age 6f) @Hed@F%€@¥¢%ﬁ%®ﬂsﬂ%¥égé eéFamdht FBAPDS™M02can be reached

by the generating, el&ﬂ‘%@S%%ﬁ@Mﬁﬁ@&@ﬁ%@@ 8P 20: 2 indind dual 1y,
the first conttol unit 34 selects the electric power 10 path PTG shown in

Fig. 27(0).o1f 0dpsJoasis of Vh@ns%ﬂﬁﬁiﬁlQQWiq\m@rgénéréﬁﬁngx@r%MEnts (solar
batteries) 20 ‘and %ga% ga§h ggdgge nd 'ﬁééln ?% 99@6&%&EQ? oper ation
(S erati on state h

state whil e the ene ing o e follow ng
conflrnatlowaﬂﬁeﬁmnk1 20~ 1 and 20-2 are in generating operation

10 states.
[0124]

(2) The electric power path is determined by
cperation state determination based on the open voltage
Vop.

i5 In the case it is smaller than the voltage of the
electricity storage element (BAT) 40 by the generating
elements {(solar batteries) 20~1 and 20~2 individually,
and when connected in series but the resultant electric
power can be increased by stepping-~up with the wvoltage
20 conversion unit (DDC) 31, the following applies.

In this case, the first control unit 34 selects
the electric power path PTF¥ shown in Fig. 27{A;}. |

In the case it i1s smaller than the voltage of the
electricity storage element (BAT) 40 by the generating

25 elements (solar batteries) 20~1 and 20-2 individually,
but the voltage of the electricity storage element 40
can be reached when connected in series, the first
control unit 34 selects the electric power path PTE
shown in Fig. 27(B). |

30 In the case the voltage of the electricity storage

element (BAT) 40 can be reached by one of the generating

68



Figs. 28(A) to 28(0) show the electric power paths selected by operation
state determ nation based on the open voltage Vop when one of the two
generating elenents 20 is not in a generating operation state and the ot her
is in a generating operation state. [0126] (1) in a solar battery
generating operation state determ nation based on the §hHQrbwgizheyit current
Ish 25(1shllsh_mn and ish2lsh_ mn), it is confirnmed that only one of the
generating elenents (solar batteries) 20-1 and 20-2 is in a generating
operation state. [0127] 30(2) The electric power path is determ ned by

operation stahe det euminaton:based on tihe,gpen-yol tage 45426279100 Vop.
When the electronotive force of the generating elenent is snall and the

resul t ant éhectitc bpowerched! by beariatley tehheatliegtelengygwer consunpti on

by the 5 elect.ri.cit storggefgﬂfgggg ). 31 is covered, the first control

unit 34 seﬁ§%3§”f%%MéVéCFrlc DOWEr pathi -PTA or ETC shown in Fig. 28(A).
When t he vol t agezef thhe eheef rirod tif rsttoragerel eaent {BAB1«42si S not reached
by the %enerating 10 el enment individuaIIéTbut the resultant_ el ectric power

[ I

can be PPncrig¥s&d Sy *sCepprag- T by 1thé v Sitrage tBnversibn 4% -(DDC) 31,
the first controlhupi tr34,sele6d S hecekeeteicopoyes: patfr PTB or PTD shown

in Fig. 28(B)
element {BAT) 40 can be reached by the generating
elements {(solar batteries) 20-1 and 20-2 individually,
the first control unit 34 selects the electric power
10 path PTG shown in Fig. 27(D).
[0125]

When one of the two generating elements (solar
batteries) 20-1 and 20-2 has shades and is not in a
generating operation state while the other is in a

15 generating operation state, the following confirmatiocn
is made.

Figs. 28(A) to 28(C}) show the electric power paths
selected by operation state determination based on the
open voltage Vop when one of the two generating elements

20 is not in a generating operation state and the other is
in a generating operaticn state.
[0126]
(L) In a solar battery generating operation state
determination based on the short-circuit current Ish
25 (Ishl 2 Ish min and IshZ 2 Ish min), it is confirmed
that only one of the generating elements (solar
batteries) 20-1 and 20-2 is in a generating cperation
state.
[0127]
30 (2) The electric power path is determined by

cperaticn state determination based on the open voltage
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15When the voltage of the electricity storage el enent (BAT) 40 can be
reached by the generating elenent individually, the first control unit 34
selects the electric power path PTA or ETC shown in Fig. 28(C). [0128]
20When only one of the two generating elenents (solar batteries) 20-1 and
20-2 is connected, the followi ng confirmation is made.qps¢65791yFhgs. 29(A)
to 29(C) show the electric power paths selected by operation state

determ nati on based on the 25 open voltage Vop when only one of the two
generating elenents is connected. [0129] (1) I'n the solar battery
generating ration state determ nation based on the short-circuit current
30lsh (Ishl[or Ish2]Ishnmin), it is confirmed that the one generating

el enent (sol ar baheer yhei sléntom@BR262T@1IW00fgener a¢nag:toper at i on st at e.

0130 2), Th tri th is det i ned b ti
Stato det er Mo DARET AT nE D VI CagE 8Vop. POt NHOR (he

el ectronot iy fionee i6f thBecgener at ingial eRLUNbsisABLY a@nd the resul tant.
electric power would be mnus if the electric power consunption by the

el ectri & t y't0rrdge tel 6ReRRIE DS | PLEdvereds FRESATFiTSt control unit
34 select s 1haeleblling AAWErsPAld Sk AhoPTEo2RoM0 pOyEL Gadtd( A
In the case 1t 1s smaller than the voltage of the electricity storage
el enent (BATA 43 Y Ct becgenérafiqg 28 (A) .
When the voltage of the electricity storage
element (BAT) 40 is not reached by the generating
10 element individually but the resultant electiric power
can be Iincreased by steppling-up by the wvoltage
conversion unit {DDC) 31, the first control unit 34
selects the electric power path PTB or PTD sheown in Fig.
28 (B} .
15 When the wvoltage of the electricity storage
element (BAT) 40 can be reached by the generating
element individually, the first control unit 34 selects
the electric power path PTA or PTC ghown in Fig. 28(C}.
[0128]
20 When only one ¢f the two generating elements
{gsolar batteries) 20-1 and 20-2 is connected, the
following confirmation is made.
Fige. Z29(A) to 29%(C) show the electric power paths
selected by operation state determination based on the
25 open voltage Vop when only one of the two generating
elements is ccnnected.
(0129}
(1) In the solar battery generating operation
state determination based on the short-circuit current
30 Ish (Ishl[or Ish2] 2 Ishmin), it is confirmed that the

one generating element (solar battery) is in a

70



el ement individually but the resultant electric power 15 can be increased
by stepping-up by the voltage conversion unit (DDC) 31, the first control
unit 34 selects the electric power path PTB or PTO shown in Fig. 29(B).
When the voltage of the electricity storage 20 el enent (BAT) 40 can be
reached by the generating elenent individually, the figstgcenyheb unit 34
selects the electric power path PTA or PTO shown in Fig. 29(0). [0131]
When neither of the two generating elenments (solar 25 batteries) 20-1 nor
20-2 is operating, the follow ng process is perforned. When none of

the generating £liemgntsck-a-0pgr&tiNg in the power switch circuit 32, the
follow ng patterns rmay be considered. 30(1) The two generating el enents

(sol ar batt&¥i®s) 20-1 and 20-2 are connected and neither is operating.
SP20279IV000 el Pk SR SENeT AL NG ELEENt (Ls.comneetad and the one

generating el enment 'i $ not operati enérafing elenent that is not
connect ed naye:odtimay snatebecopenatdtig)n a2yl Nei ther opsn corinegiced (the two
generating elenents (solar batteries) that are not connected may or may not
be opera?ti ngye - In either case when the generating elenents (solar

batteries) that ghencenpegted: asotale FREEAL LRYLRE Mo 10 fche generating
el enments (solar batteries) that are not connected are not operating, the

power sw t chi-agiarduiit 3RaddesnAothoperntldaits ea6ELrhf| Befted)ou0132]
simlarly, gyen il the gengiatipg. elamants. (sglayoad,balteries) that are
not connect'ed "are “operating, e power swtch cCircuit 32 does not oper at e,
or no problemariisdsyasthborga geaesat | Pl enent. cAvéseat ecien which the
pover %&gtcgaégg(gggir%?e%nit 34 selects the electric power path
PTA or PTC shown in Fig. 2Z9(A).
In the case it is smaller than the voltage of the
electricity storage element (BAT) 40 by the generating
element individually but the resultant electric power
15 can be increased by stepping-up by the voltage
conversicn unit (DDCY 21, the first control unit 34
selects the electric power path PTB cor PTD shewn in Fig.
29(B).
When the voltage of the electricity storage
20  element (BAT) 40 can be reached by the generating
element individually, the first centrel unit 34 selects
the electric power path PTA or PTC shown in Fig. 29(C).
(01317
When neither of the two generating elements (solar
2% Dbatteries) 20-1 nor 20-2 is operating, the following
process 1s performed.
When none of the generating elements i1s operating
in the power switch circuit 32, the fcllowing patterns
may be considered.

30 {1} The two generating elements (solar batteries)

20-1 and 20-2 are connected and neither is cperating.
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not operate" may be generalized into a "state in which 20 none of the
generating elenents is operating”. [0133] Fig. 30 shows a state
transition diagram of the determ nation as to whether each generating
element is in a generating operation state. 25In Fig. 30, a state SO
indicates a state in which none of the generating ele §%j§2ﬁoggan
operation state. A state Si indicates a state in which both of the two
generating elenents (SCl) 20-1 and (S02) 20-2 are operating. 30A state S2
indicates a state in which only the generating elenent (SCl) 20-1 is in an

operation state. %§E§$%Z§%¥€Q?Ef¥%tgﬂg%§§ kndicares: a;stat e which only

the generating el an operation state. At the tine
of transitiofe bpirweeninrheclespect ivenst afresatting geher athagzelrenent ( SCL)
20-1 and the 5 qgnerating elenent%éSO%% 20-2 are turned on or off. [0134]
Fig. 31 shoW&S% &t &6 5t ranBPti 6R7aF Agiadi™ o t REYdePerifnati on as to which
el ectric poyes-paths .are operating when the two generating elenments in
state Si_ 10 are both in a generating operation state. In the exanple shown
in Fig. B1, state3drdASERPBNSS et WEEH Gche t8Peét'Pi 8epoYRF At hs PTE, PTF,

PTG PTH Plleraid RT3 ateplblustiaf ediad WShot connected may or

may not be operating).

In either case when the generating elements (sclar
batteries) that are connected are not operating or when

10 the generating elements (solar batterieszs) that are not
connected are not operating, the power switch circuit 32
does not cperate (is not influenced).

[0132]

Similarly, even if the generating elements (solar

15 batteries) that are not connected are operating, the
power switch circuit 32 does not operate, or no problem
arises as for a generating element.

A "state in which the power switch circuit does
not cperate" may be generalized into a "state in which

20  none of the generating elements is operating”.

[0133]

Fig. 30 shows & state transition diagram of the
determination as to whether each generating element is
in a generating operation state.

25 In Fig. 30, a state 30 indicates a state in which
none of the generating elements is in an operation
state. A state 351 indicates a state in which both of the
two generating elements (SCl) 20-1 and (8CZ) 20-2 are
operating.

30 A state 82 indicates a state in which cnly the

generating element (SCl) 20-1 is in an coperation state.
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15Fig. 32 shows a state transition diagramfor the determ nation as to
whi ch electric power paths are operating when the one generating el enent

(SCl1l) in state S2 is in a generating operation state. In the
exanple of Fig. 32, state transitions 20 between the electric power paths
PTA and PTB are illustrated. [0136] Fig. 33 shows @7stateptransition

diagramfor the determ nation as to which electric power paths are 25
operating when one generating elenment (502) in state S3 is in a generating
operation state. In the exanple of Fig. 33, state transitions

bet ween t hey el@atd s powerapat hs ATEGand, RiPcarenillusirated. 30[0137] Fig.
34 is a flowhart illustrating in a SP262791WO00 sinplified manner a

process of Fwlwettiing ehererect¥Go powem pat RPPFoRI @ resiite- of measuring the
short-circuit curlxrte%ga Ld hgf %%S\é%l%%?gﬁ@g%ﬁ%%tfecg Luit, current | sh

and the open vol tage op are neasure t he ectric power paths
PTA to PTJ sw=xsel etkedeoarthindasisncoft t(selr ettt .and the When t he

el ectric power path PTA, FTC PTE, or PTG is selected, the electricity
st or age el %?ﬁf%ﬁnigs S4rrett| fngd Théde ﬁ%@?ﬁgmf ht'o the vol tage

10conversi oyt (DDC) 31. When the el ectric power path PTB, PTD,
PTF, PTH, PTI, or PTJ is selected, the electricity storage elenment 40 is
fed with a vol t agéust ppelewp { crtadtteppedsdbwn) Fradide ft&§e conver sion

uni t( DDC) ég%efHﬂég%igk as to which electric power paths are

operating when the two generating elements in state S1

10 are both in a generating operation state.

In the example shown in Fig. 31, state transitions
between the electric power paths PTE, PTF, PTG, PTH,
PTI, and PTJ are illustrated.

[0135]

15 Fig. 32 shows a state transition diagram for the
determination as to which electric power paths are
cperating when the one generating element (SCl} in state
52 is in a generating opération state.

In the example of Fig. 32, state transitions

20  between the electric power paths PTA and PTB are
illustrated.

[0136]

Fig. 33 shows a state transition diagram fcr the
determination as to which electric power paths are

25 operating when one generating element (SC2Z) in state S3
is in a generating operation state.

In the sxample of Filg. 33, state transitions
between the electric power paths BPTC and PTD are
illustrated.

30 013773

Fig. 24 is a flowchart illustrating in a
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Fig. 35 is a first flowhart concretely illustrating the process of
selecting the electric power path fromthe result of neasuring the
short-circuit current and the open voltage. 20Fig. 36 is a second flowchart
concretely illustrating the process of selecting the electric power path on
the basis of the result of measuring the short-circuitsmusrenticand the open
voltage. Fig. 37 is athird flowhart concretely 25 illustrating the
process of selecting the electric power path on the basis of the result of
measuring the short-circuit current and the open voltage. . Fig. 38 is

a fourth flowghard; conenetel y ptdusds ald R@1theiprocesss nicselecting the
el ectric power 30 path on the basis of the result of neasuring the

short - ci r clRAWUMaEht T4R8 BheSPpen Jloleagelr -ng9282 7sAVPOD- JOHES9] Referri ng
to Fig. 35 it.ds fainhs%hge%g%qi‘pgldaavg&e_t her the short-circuit current Ishl
t )

of the generating elenen 20-1T 1s greater than the m nimum short- 5
circuit current %k shor{ttshitcxit sturmen), Iahdattenhé todes: detlemgiened whet her

the generating elenent 20-1 js.in a nerating operation stat 501 alive?)
(5T1Dy .2 Vo e TR e gL ghv B i T | s a5 CRTAT PRAT® UK TGendrat i ng
el ement (5049 20Qr kireS skeNcatg@net atid k0 soper ahi:onestmate, it is determ ned

whet her the short-circuit current 1sh2 of the generating el enent (501) 20-
2 is greater thafflthe thPnfheds SHoMWET @aithk EGkr eRTCH s@if%n P FSF2 > | sh

T ot o i LR ThOSU AL i e e g ey 20-2 12 1 3
directly fed without passing through the veoltage

10 conversion unit (DDC) 31.

When the electric power path PTB, PThH, PTF, PTH,
PTI, or PTJ is selected, the electricity storage elemsnt
40 is fed with a voltage stepped-up (or stepped-down)
via the voltage conversion unit (DDC) 31.

i5 [0138]

Fig. 35 1s a first flowchart ccncretely
illustrating the process of selecting the electric power
path from the result of measuring the short-circuit
current and the copen voltage.

20 Fig. 36 is a second flowchart concretely
illustrating the process of selecting the electric power
path on the basis of the result of measuring the short-
circuit current and the open voltage.

Fig. 37 is a third flowchart concretely

25 illustrating the process of selecting the electric power
path on the basis of the result of measuring the sheort-
circuit current and the open voltage,

¥ig. 38 is a fourth flowchart concretely
illustrating the process of selecting the electric power

30 path on the basis cf the result of measuring the short-

circuit current and the open voltage.
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When it is determned in step ST12 that the generating elenment (SCl) 20-2
is in a generating operation state, the follow ng determ nation process is
performed. 20Specifically, it is determ ned whether the open voltage |op
of the generating elenent (501) 20-1 is greater than the m ni num open
voltage lop_mn (lopl > lop_mn), and it is determ nedraetrbewcthe
generating elenents 20-1 is in a generating operation state (5T13). 25Wen
it is determned in step ST13 that the generating elenent (501) 20-1 is in
a generating operation state, it is determ ned whether the open voltage

| op2 of theeaserating elenent (SC1) 20 2 is greater than the m ni mum open
vol tage Top mm (lop2 > 30 lop _nin). Then, i s determ ned whether the
gener ati ng eIeneﬁFfQBrQHQSL?rﬁiﬁ géﬁeréFlhé Sbé?%t@?ﬁ?%ﬁ%ﬁﬁg (5T14).

SP262791\W0Q0, Mhen %hQ()%hEkyec%ﬁrtmd&%tr'eQ@ resul bri s Obfalned kg step ST14,
the process proceeds to the process of Fig. 38, assuming that the two

generatlngE@kﬂﬁ@ﬁtéSG5®12OSDZ$SZﬂmﬁt@mdt@@nztaﬁem1mnm¢ma@m@ﬁailon state.
When a @egatlve eternln &g& resu&%hhs ogtglned |n St eR ST14, ;the process

cincul clrren mi
proceeds to the pr ocess of I§6 assum ng ?ﬁa} He generatlng el enent

(501) is IrﬁdﬂmimﬁﬂéﬁaWh@ﬂhéiaﬁﬁé @Hmﬁmaa1n@gauemenﬂe1@{mnnanmoa result is
obtained 10 in step 3T12, it is deternlned mhether t he open vol tage |opl of

t he generaﬁﬁﬁ&T@Féﬁ@an?SEE)O?Oﬁﬁﬂﬁé '\gFéater YEhan'The 'ni ni num open vol t age

lop_min (lopl > kap M andidde s det enmiped whet harsd hegenerating el ement
20-1 is in a generating operation state (ST15). 15Wen a positive

det er mi nat iTsneresdly psevbrhi (EH )i R0stlepsSTnsa geepriooess proceeds to the
process cof F1.g...38.assupLng; Lhat Jhe generaling.el et SCL) is in the

operatlon state néga iVe deterim nati on res i's obtai ned
clrouit current Ish?2 of the generating element (SCl} 20~

2 is greater than the minimum short-circuit current
Ish min (IshZ > Ish min). Then, i1t is determined whether
the generating element 20-2 is in a generating operation

15 state (8CZ alive?) (8T1Z}.

When it is determined in step 3T1Z that the
generating element {(SCl} 2Z0-2 is in a generating
operation state, the folliowing determination process is
performed.

20 Specifically, it is determined whether the open
voltage Iopl of the generating element {SCl} 20-1 is
greater than the minimum open voltage Iop min (Iopl >
Iop min), and it is determined whether the generating
elements 20-1 is in a generabting operation state {ST13).

25 When it is determined in step ST13 that the
generating element (SCl) 20-1 is in a generating
operation state, it is determined whether the open
voltage Iop2 of the generating element (S5Cl} 20~2 1is
greater than the minimum open voltage Iop min (lop2 >

30 Icop min). Then, it is determined whether the generating

element 20-2 is in a generating operaticn state (ST14).
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20 in step 5T15, the process proceeds to a start-up process of the start-up
circuit 38, assumng that the two generating elenents (501, 502) 20-1 and
20-2 are in a non-operation state. Wien a negative determnation result is
obtained 25 in step ST13, it is determ ned whether the open voltage |op2 of
the generating element (S02) 20-2 is greater than the FA2a62MgAwopeén vol t age
lop mm (lop2 > lop mm, and it is determ ned whet her the generating el enent
20-2 is in a generating operation state (ST16). 30Wen a positive

determ nation result is obtained in step ST16, the process proceeds to the
process of SP26ZRretVB00¢Fi giv8dssumirnngibthatethet generdtaimgdel enent (S02)

is in the operatio t at Wien a negati determ nation result is
obt ai ned | TSCOFPSTIA% t KBS pPERRSE Jrosasds £6 the STATTZUR™S process of
the start-up£i ey bs38niassumkngHdatvdt Rentwa rgenes adhdtg- £l @mnts (SC,

SC2) 20-1 and 20-2 are in _a non-operation state. When a negative

det er m nat i g r Suilt 21 BT Ai Med iTh BreepP5TELiont 5F3T¥et er ni ned whet her the

shor t - cig cui t 10W%H!E1_rQ%e&ﬁ@@v@fdéﬁ&nﬁ%ﬁ%%hi D&l enpnt{502).420-2 is
greater than the mninmumShort-circuit current Ish_ mn (Ish2 > Ish _mn),

and it is detervwpnédldhetherptbeegeneratieng ébemeat o200 icsf in a

generating operation state (S02 al,ve? ST17). 15Wen it.is .determned in
step ST17 t%ﬂ' ?‘:}?Ié generatPng &t :%%entge)(rf%?)xlfé- ﬁ}lerge?g ggcgle?nelrsati ng

oper ati on statwe icberatdehesphfied whet her the open vol tage |1op2 of the
generating elenment (SC) 20-2 is greater than the m ni mum open voltage |op
mm (1 op2 > 20|Opwﬁﬁf @Sqqg§§lve etermination result is obtained

10 in step 8T12, it is determined whether the cpen vcltage
Iopl of the generating element (SCl) 20-~1 is greater
than the minimum open voltage Iop min (Iopl > Top min},
and it is determined whether the generating element 20-1
is in a generating operation state {(8T7T15).

15 When a positive determination result is obtained
in step 3T15, the process proceeds tce the process of
Fig. 36 assuming that the generating element (8Cl} is in
the cperation state.

When a negative determination result is obtained

20 in gtep 8T15, the process proceeds tc a start-up process
of the start-up circuit 38, assuming that the two
generating elements (3Ci, 8C2) 20-1 and 20-2 are in a
non-operation state.

When a negative determination result is obtained

25 in step 35713, it is determined whether the open vocltage
Iop2 of the generating element (SC2) 20-2 is greater
than the minimum open voltage Iop min (Iop2 > Iop minj,
and it is determined whether the generating element 20-2
is in a generating operation state (5T16).

30 When a positive determination result is obtained

in step 3716, the process proceeads to the process of
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When a positive determ nation result is obtained in step ST18, the process
proceeds to the process of Fig. 37, assuming that the generating el enent
(502) is in the operation state. 25Wen a negative determ nation result is
obtained in step ST17 or ST18, the process proceeds to_the startup process
of the start-up circuit 38, assum ng that the two gene‘?%?tqzrﬁ?lgpgﬁrents (sa,
502) 20-1 and 20-2 are in a non-operation state. 30[0140] In Fig. 36, the
foll owi ng process is performed. 3P262791WO00 First, when the open voltage

is Vopl, it_iIs determ ned whet her. an expected vol tage \Y/ n} f of the
htferer

gener at i ng Bteneht 3ESER 20542 bt FRHEITHE SPIVBPTTE ssyréater than

the m ni numapenoltagesVapem n 5 and smal ler than the open voltage
Vddc_se as the threshold value for perform ng connection change (ST21).
Wien a positive @e&eer fi pagdbrive esarnigaghrai neduih 53 PP I2ED the el ectric

power path PTA. l.ect i t 1 Lon result is
obt ai ned 1ofr|l 'r?ﬂse?)e%“%%%l?g?tg%gge et %q%ggi%vmqgt ﬁfelr@ %] eh\g/)gfgg age Vpm f is
gr eat er & hasrddwesopen twel taget Vddccissds t38e theseshod dtivat uend or perform ng

connecti-on change and snaller than the volta AT of . the electricity
storage el entht¥AG ESTEY) &1 TBTHEn E\S%dsistciz\t}eggéﬁe? é"’%nal?eeslﬁt is

obt ai ned i n; st@p -pE22-ithesekestric power path PTB is sel ected. When
a negative determ nation result is obtained in step ST22, it is determ ned
whet her the vol t #genvpntefat svyrdaligmitiian onheevol t age BAR G he

206'ECtriCiiy:ﬁ&gy%%%l?lEQEPE ééké;ﬂgggd whether the short-circult

10 current Ish2 of the generating element (SC2} 20-2 is
greater than the minimum short-circuilt current Ish min
(Ish2 > Ish min}, and it is determined whether the
generating element 20~-21 is in a generating operaticn
state (8SC2 alive?) (8T17).

15 When it is determined in step S8ST17 that the
generating element {8C2) 20-2 is in a generating
operation state, it is determined whether the open’
voltage Iop?2 of the generating element (SCl}) 20-2 is
greater than the minimum open voltage Iop min (IZopZ >

20 Iop min) (ST18).

When a pesitive determinaticn result i1s obtained
in step 8718, the process proceeds to the process of
Fig. 37, assuming that the generating element (SCZ) is
in the operation state.

25 When a negative determinaticon result is obtained
in step ST17 or ST18, the process proceeds to the start-
up process of the start-up circuit 38, assuming that the
two generating elements (SCl, SC2} 206-1 and 20~2 are in
a non-operation state.

30 [0140]

In Fig. 36, the following process is performed.
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When a positive determnation result is obtained in step ST23, the electric
power path PTA is selected. [0141] In Fig. 37, the followi ng process is
performed. 25First, when the open voltage is Vop2, it is determ' ned whet her
t he expected voltage Vpn2_f of the generating el enent SOZ%Y at the
time of MPPT control is greater than the m ni num open g? 88 m n and
smal l er than the open voltage Vddc_se as the 30 threshold value for
perform ng connection change (ST31). Wen a positive determnation result

i s obtained SP262791W00 in step 5T31, the electric pover path FTC is

sel ect ed. ANKER - W]ﬁ%’@;a?ki%eoﬁfé‘c HHCASE O YeBhi t1F s'obtained in step

5T31, it isydetgrmnednuhgthes,the,voldage:VReR_fohs greatele than the open
vol tage Vddc_se as the 5 threshold value for perforning connection change

and smal | ergatear: ttig vokrage BTl bfZQ‘hTe 26l ger icéineyostidrage el ement 40
(5T32) . neatfien 2 egélﬁé Vendiet alan natilon LesHl Lol 2. gbtAlngd | n step

ST32, the eT8etTic po e ected en a neg -'rve
det er m nat i €nd resiliter Shébt amaae@em ’\Sile:pig‘éT?o’ﬁ;icl tei ssdeter m ned whet her the

vol tage VpnR2 f is 9 ea han th volta e BAT of the elec r|C|ty st or age
el ement 40 SR 2h8e FORTE 20 G aetePhi RAEFHn {% i's

obtained 15 in Stﬂ%@n513§®si@ﬁv@|c§§iéﬂnﬁnﬁ(@%ﬁ pathi £TG i soiselect ed. [0142]
In Fig. 38, the following process is performed. First, it is determ ned

whet her a simn sfoin &gélof thhee Vot aige WpiAT PaéﬁdPFﬁel%oWJa@%t%er fis
greater 20 than the . ma”h%?ﬁ’ﬂ;ﬁ@%&iV@%ﬁﬁqgtygﬂ—%gu%dlén%éa% ~ddran the open
es

vol tage Vddc se as the t perform ng connection change
(5T41) .10 in step ST21, it is determined whether the voltage
Veml £ is greater than the open voltage Vddc se as the
threshold value for performing connection change and
smaller than the voltage BAT of the electricity storage
element 40 (8T22).

15 When a pesitive determination result is obtained
in step ST22, the electric power path PTB is selected.

When a negative determination result i1s obtained
in step $T22, it 1s determined whether the voltage
Vvepml f is greater than the voltage BAT of the

20 electricity storage element 40 (ST23).

When a pesitive determination result is obtained
in step 8T23, the electric power path BTA is selected.
[01411

In Fig. 37, the following process is performed.

25 First, when the open voltage is Vop2, it is
determined whether the expected veltage VpmZ f of the
genefating element (SC2) 20-2 at the time of MPPT
control i1s greater than the minimum open voltage Vop min
and smaller than the open voltage Vddc se as the

30 threshold value for performing connection change (ST31).

When a positive determination result is obtained
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When a positive determnation result is obtained in step ST41, the electric
power path PTE is selected. 25Wen a negative determnation result is
obtained in step ST41, it is determ ned whether the sumvoltage of the

vol tage Vpm f and the voltage Vpn2_f is greater than the n | t age
Vddc_se as the threshold value for perform ng connect§326@ﬁ§ﬁ§8¥§nd smal | er
than the 30 voltage BAT of the electricity storage el enment 40 (ST42).
SP262791W00 Wien a positive determnation result is obtained in step ST42,
the electric pomersgath PTF is sel ected. Wen a_negative determ nation

|

result is obt & EdSiAtst 8PS SFEEHHC PEYESt BFA nBa- whetHer® T e 'sum vol t age 5

of the voltage Vppknfzandydie o oldage: MarRah Iss@reaterodBanetihe vol tage
BAT of the electricity storage elenment 40 and smaller than the open voltage

Vddc_pa as irhe tetr 5Rol dival el ormpactorithieEohPRCt?- g Thange (ST43).
Wen a posH&gﬁﬁig?Eeé¥EQ§é£o e&?%H%§c@%nQQE§$§§Q #Qad s Step 843, the

el ectric power -path I'S selecte n a negative determ nation
result ibs abtraishedd mastepfST4Eridrrisigdebenptnéedn wiietrner arhie sum vol t age

of the voltage Vpm f and the voltage Vpn2. f is smaller than the open
vol t age Vd _ﬁi&e%étFﬁE Fﬂ?e%?&ﬁ%?ﬁuﬁ%?eOFOFhTSQEQ??%ﬁ?ﬁQK)%%ﬂﬁ%&?tion change
(ST44). In steprnT44, (kt3ps. further determ ned whether the open vol tages

Vopl and Vop2 are smaller than the voltage BAT of the electricity storage
el ement 40 ( ST44yhephencas posia dpeedeiapkiifaat Forresiul toht€186¢ai ned 20 in

step ST44, fhe,electrbe pover; hath PT s seLected.ss ociccddhen a negative

determ nation result i'§ obtain tep S i's det'erm ned whether the
open valtt age Voplihies greaf®ritdatetteheivektager8filofid hételisetricity
storage el enent_ 40, prZ‘{s 25 smal l er than

t he voItagé‘BﬁfqﬁfSgﬁg?e¥€§{gﬁ%ﬁ%gggggggﬁégghgﬂgﬁ?e4%9 '$fifs) . Wien a
positive defgnmimats gRsbesul thd:s o aiNedgenpsteps ST4S, the el ectric power
path PTI is selected. Wien a negative determ nation result is obtained
electricity storage element 40 (8T33).
When a positive determination result is obtained
15 in step 8T33, the electric power path PTC is selected.
(01427
In Fig. 38, the following process is performed,.
First, it is determined whether a sum voltage of
the voltage Vpml f and the voltage VpmZ f is greater
20 than the minimum open voltage Vop min and smaller than
the open voltage Vddc se as the threshold value for
performing connection change (8T41).
When a positive determination result is obtained
in step 8741, the electric power path PTE is selected.
25 When a negative determination result is obtained
in step S8T41, it is determined whether the sum voltage
of the veltage Vpml £ and the voltage Vpm2 f is greater
than the open voltage Vddc se as the threshold value for
performing connecticn change and smaller than the

30 wvoltage BAT of the electricity storage element 40

{8T42Z).

79



30 in step ST45, it is determ ned whether the open voltage Vonl is greater
than the voltage BAT of the electricity 5P262791WO00 storage el enent 40
and whet her the open voltage Vop2 is snaller than the voltage BAT of the
electricity storage elenent 40 (5T46). When a positive determ nation
result is obtained in step ST46, the electric power pat¥f 774§ %8el ected.
When a negative determnation result is obtained in step ST46, it is
determ ned whet her the open voltage Vopl is greater than the voltage BAT of
the electricity storage el enent 40, and whether the open voltage Vop2 is 10
smal | er than the W6Pt agB°BAT: 6F c%ed‘eeréll@éttrlpe. fgsstoragedlemsnt 40 (ST47).

Wen a pos'fﬁ%@wﬂ?%ﬁﬁ@‘n@hbo?léé%%hé %%k@engnz§t£%Eég¥Q& the electric
power path PTGis sel eéted 0143] 15When the first control unit 34 is

notified by the %@@nd centtbfe uth tter36 ralfatnt hesuharzgsi mp priceess i s

t er m nat ed, th con%rol unlt 34 o enst% ggethe swif.ches of the
§'c

power sw tCh ci e(:pUIt a% % eSjﬁrll.l Do © onnec IO‘F]O tatg{/veen t he

out put s & r o tihe: 2@1@@@@ apmmgf edrefreides v20+kgandpRD- 2 amd;ﬁdrm:e\mol t age
supply line LVIL. the generating elenments 20-1 and 20-2 are
control | ed %W%é%ﬁﬁé&ﬁé@ f”hT par at el I3F HEHE L HEWRFOEHF T chr F15°dui t 32, the

[1 15t Contrg) il ordd s 0801 {n2%dde hackblovaageugnid omd unct | on of the
backfl ow prevention circuit 36. 37 Concrete configuration

exanpl e of thardutlar ivstlives fneasw@mmn%!m@!epmgc[ Fharge coilf4gur ati on
exanpl e of Chara%ﬁFrISt %g QEVSLH§¥Q¥%1HIt&%%IELsult is obtained

1C  in step ST43, the electric power path PITE is selected.
When a negative determination result is obtained
in step S$T43, it is determined whether the sum vcltage
of the voltage Vpml f and the voltage VpmZ f is smaller
than the cpen veltage Vddc pa as the threshold value for
15 performing connection change (8T44}. In step ST44, it is
further determined whether the open voltages Vopl and
Vop2 are smaller than the voltage BAT of the electricity
storage element 40 (5T44).
When a positive determination result i1s cbtained
20  in step ST44, the eslectric power path PTH is selected.
When a negative determination result is cbtained
in step S8T44, it is determined whether the open voltage
Vopl is greater than the voltage BAT of the electricity
storage element 40, and whether the open voltage VopZ is
25 smaller than the voltage BAT cf the electricility storage
element 40 (ST45).
When a positive determination result is cbtained
in step 8T45%, the electric power path PTI is selected.
When a negative determination result 1s cbtained
30 in step 8T45, it is determined whether the cpen voltage

Vopl is greater than the voltage BAT of the electricity
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SE262791W00 Fig. 39 shows a circuit diagramof a first
configuration exanple of the characteristics nmeasurenent circuit according
to the present enbodi nent. [0145] 5In order to nonitor the operating
characteristics of the generating el enment and determ ne _haow nuch_current
and voltage are being generated by the generating el emBiit® F@&Wﬁpobattery)
dependi ng on the instantaneous condition of light, it is necessary to

nmeasure fine 10 variations of the current and voltage. In the past,
a conventional nethod has been éo amplify variationi of current or voltage
by connect i g &% SafpFlrfier V1ot . ‘'R PRE"pFesEt® eXlifpl'é, as a neans

of determ ning 115 hewnmdgh cyrfen andvoltage arerbeing generated by the
generating el enents (solar batteries) 20-1 and 20-2, neasurenent is made by

usi ng a capddmest &0, (FG146] In the present exanple, as shown in

Fig. 39, the 20 ci.t : ] i t , erating

el enment s (solar'%ggﬁe%igéfgéﬁ}l(%%%ﬂggggglbﬂ §g£ufﬁiggé%§%§%%§ristics si de
circuit 333Arshaw iSM4FI, grh89% laciswid chiveg prahsP3lofs Qlelfarteriesetting the
capacitor d is %gnnected bet ween a conngction node ND1 25 .and a reference
potential VSS. en aTRRIS T e HSTT T ransi-8tof S8 T s+ F FHéd °6F an NVOSFET
to the gate ofstehi ghsa,reset s Sh@naniRSE Wesbecthyebyesupplised. [0147]
30By neasuring the charging voltage to the capacitor C at certain tine
interval s, ¥a% FsvoeRacast eppstis voltage BAT of the electricity

storage element 40, and whether the open voltage VopZ is

10 smaller than the voltage BAT of the electricity storage
element 40 (ST47).

When a positive determination result is obtained
in step 5747, the electric power path PTG is selected.
[0143]

15 When the first contreol unit 34 is notified by the
second control unit 35 that the charging process is
terminated, the first control unit 34 cpens all of the
switches of the power switch circuit 32 so as to shut
down the connection between the outputs from the

20  generating elements 20-1 and 20-2 and the voltage supply
iine LVIL.

When the generating elements Z0-1 and 20-2 are
controlled to be connected in parallel by the power
awitch circuit 32, the first control unit 34 turns off

25 the backflow prevention function of the backflow
prevention circuit 36.

[0144]

<4-3. Concrete configuration example of
characteristics measurement circuit>

30 [First configuration example cof characteristics

measurement circuit]

81



S2262791W00 under the current environnent can be neasured. [0148]

[ Expression 1] V=QC Q= fi(t)dt 5[0149] In the characteristics
side circuit 33A it is possible to search for the MPP even when the
characteristics are not sinple convex P-V characteristics, and control
can be exerted by a voltage 10 regul ati on nmet hod mnthéﬁ?ﬁééﬁﬁ%@%@ng t he
so-called hill-clinbing process. : This is particularly effective when
the MPP estinmation fromthe open voltage is insufficient. Further, by
diverting the capacitor of the step-up 15 circuit of the voltage conversion
unit 31, the neaStrenehtskarns be Trade i fhoat20s?hg? additi onal conponents.

01501 F1 940 slioue. Lheckaab eharacter At as, bt ai ned . 20 slal ati on

wher e the capaci‘tor ep-up circult 1s diverte
character|sﬁnmﬁlmeaSUDEuémg tmrwuamma@@nmdemgoﬁmm¢ME present enbodlnent.
In Fig. 40, QE hori zontal axis shows voltage and the vertical axis shows
current. ZSMH' iFg. 40, a curve X indicates first actual neasurenent val ues

at a fimst sanpl ennypber ;@ waHM&rY thedbgat 6ihglealacharactkerkstics; and a
curve Y indicates second actual neasurenent values at a second sanple
nunber. 304 $hewdSPATFEE§RY 40lene |any grapaBieri BeY cyi@apurrent

and voltage are being generated by the generating
element (solar battery) depsending on the instantaneous
condition of light, it is necessary to measure fine

10 wariations of the current and voltage.

In the past, a conventional method has been to
amplify variations of current or voltage by connecting
an amplifier, for example.

In the present example, as a means of determining

15 how much current and voltage are being generated by the
generating elements {(scolar batteries) 20-1 and 20-2,
measurement is made by using a capacitor Cl.

(01463

In the present example, as shown in Fig. 39, the

20 capacitor Cl is connected in series to the generating
elements (solar batteries) 20-1 and 20-2.

In a characteristics side circuit 33A shown in
Fig. 39, a switching transistor Q1 for resetting the
capaciter Cl is connected bhetween a connection node NDI

25 and a reference potential VSS.

The switching transistor Q1 is formed of an
NMOSFET to the gate of which a reset signal RST is
gelectively supplied.

[0147]
30 By measuring the charging voltage to the capacitocr

Cl at certain time intervals, the I-V characteristics
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be obtained at realistic sanpling intervals by 3P262791WO00 si nul ati on.

[ 0151] [ Second configuration exanple of characteristics neasurenent
circuit] 5Fig. 41 shows a circuit diagramof a second configuration exanple
of the characteristics neasurenent circuit according to the present

enbodi ment. [0152] As shown in Fig. 41, in the presentsmeavgllepoas in 10
the exanple of Fig. 39, the capacitor C is connected in series to the
generating el enents (solar batteries) 20-1 and 20-2. The characteristics
measurenent circuit 33B of Fig. 41 further includes a conparator 331,
control |l er 45332 heactirpent 383yvitontadritallze pempeysuneéd. 334, a resistor RI,

and a variable resistor VRIL. The resistor RL and the variable
resi stor VRV connected in series between a power supply potential VDD
and the refgrencepetential VSS (such as GND). 20[0153] In the

characteristics neasurenent circuit 33B, the step-up circuit of the voltage
conversion unit J1=i &/fiotQcennécted, or the step-up MOSFET is turned off.
The capa mt&g %1 on the generating elenent (solar 25 battery) side is
short-circu to the ground GN\D and thus discharged to O V by setting the
switching transi stoth@lcharonestadteics side circuit 33A, it is

possible to search for the MPP even when the
characteristics are not simple convex P~V
characteristics, and control can be exerted by a voltage

10 regulation method withcout performing the so-called hill-
climbing process.

This i3 particularly effective whenr the MPP
estimation from the open voltage is insufficient.
Further, by diverting the capacitcor of the step-up

15 circuit of the voltage conversion unit 31, the
measurement can be made without using additicnal
components.

[0150]
Fig. 40 shows the I-V characteristics obtained by

24 simulation where the capacitor of the step-up circuitf is
diverted in the characteristics measurement circuit
according to the present embodiment.

In Fig. 40, the horizontal axis shows voltage and
the vertical axis shows current.

25 In Fig. 40, a curve X indicates first actual
measurement values at a first sample number; a curve ¥
indicates ideal characteristics; and a curve Y indicates
second actual measurement values at a second sample
number.

30 As shown in Fig. 40, the I-V characteristics can

be obtained at realistic sampling intervals by
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The switching transistor QL is turned off and an initial conparison voltage
value is input to the non- 30 inverting input termnal (+) of the
conparator 331. The tinme before the output fromthe conparator 331
32262791W)00 turns high (H) is counted by a counter 3321 of the controller
332. | n-bet ween val ues are linearly interpol at P 1R&06asi s of the
time and the conparison voltage value. 5ln this case, the voltage is sinply
linearly interpolated. The current is determ ned according to Expression 4.
To the conparison voltage value, AV is added. 10The process is repeated as
| ong as thesoutimitichr-omthe conparator 331 is at low level (= until the
conpari son t/é)igla]ge val ue exceeds the open voltage). [0154] According to the
characteristics neasurenent 15 circuit 335 of Fig. 41, the DAC and the
conpar at or Casrdiel diover fedat boAR:comvier siforhasacthatsthes need for an ADC
can be elimnated and the required area can be reduced. Furt her,
the conpar iR VG EAGe “vafdettan be set 20 roughly, so that the electric

power regquired far 0bkai phogs Charachan slibesakapsbe decieased.
configuration example of the characteristics measurement
circuit according to the present embodiment.
[0152]
As shown in Fig. 41, in the present example, as in

10 the example of Fig. 329, the capacitor Cl 1s connected in
series to the generating elements {solar batteries) 20-1
and 20-2,

The characteristics measurement circuit 33B of
Fig. 41 further includes a comparator 331, controller

15 332, a timer 333, a variable memory unit 334, a resistor
R1, and a variable resistor VR1.

The resistor R1 and the variable resistor VR1 are
connected in series petween a power supply potential VDD
and the reference potential VSS ([such as GND).

20 [0153]

In the characteristics measurement circult 33B,
the step-up circuit of the voltage conversion unit 31 is
nct connected, or the step-up MOSFET is turned off.

The capacitor Cl on the generating element {solar

25 battery) side is short-circuited to the ground GND and
thus discharged to 0 V by setting the switching
transisteor Q1 in on-state.

The switching transistor Qi is turned off and an
initial comparison voltage value is input to the non-

30  inverting input terminal (+) of the comparator 331.

The time before the ocutput from the comparator 331
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[0155] [Third configuration exanple of characteristics nmeasurenent circuit]
25Fig. 42 shows a circuit diagramof a third configuration exanple of the
characteristics neasurenent circuit according to the present enbodi nent.

[ 0156] In the present exanple, as a neans of determ ning 30 how
much current and vol tage are being generated by the geiat’i®agCelenment s
(sol ar batteries) 20-1 and 20-2, SP262791WO00 neasurenent is made by using
a resistor R11. [0157] According to the characteristics
measurenent circuit 330 of Fig. 42, the neasurenent can be made 5 wi t hout
addi ng an ampinisf indghorlHihel$ | keunted by aBeeanseroabyl tte ¥esistor R11 is
added, circuit, size ingrease can be m nim zed. Conpared to the

met hod using a capacifor, less tinme is required for neasurenent, so that it
is suitable 10 faon-peasueementuaiuranzg lanehalgi hgteopesatican cof taet ual

generating el enents (solar batteries). [0158 ourth configuration
exanpl e ofkgﬁﬁﬁhéﬁ?F%§tFé@en%%.LﬁQﬁﬁgﬁmdérﬁéﬁktYLE%?$%.V%§“%homs acircuit
di agramsof a fourth.-eenfigu atiran wxanmpke:6f sthel ¢haract.eri stics

measurenent circuit according to the present enbodi nent.
interpolated.

The current is determined according to Expression

4.
To the comparison voltage value, AV is added.
10 The process is repeated as leng as the output from
the comparater 331 is at low level (= until the

comparison voltage value exceeds the open voltage).
[0154]
According to the characteristics measurement

15 circuit 33B of Fig. 41, the DAC and the comparator can
be diverted to AD conversiocon, so that the need for an
ADC can be eliminated and the reguired area can be
reduced.

Further, the comparison veoltage value can be set

20 roughly, so that the electric power reguired for
obtaining characteristics can be decreased.

[0155]
[Third configuration example of characteristics
measurement circuit]

25 Fig. 42 shows a circuilt diagram cf a third
configuration example of the characteristics measurement
circuit according to the present embodiment.

[0156]
In the present example, as a means of determining

30  how much current and voltage are being generated by the

generating elements (solar batteries) 20-1 and 20-2,
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[01591 In the characteristics neasurenent circuit 3313 of 20 Fig. 43,
instead of sinply connecting a resistor to the output of the generating
el enents (solar batteries) 20-1 and 20-2, the output is connected to a

resistor |adder R12 via a transm ssion gate TMGL1. The
transmi ssion gate 1IMGL1l is on- or off-25 controlled byE&o¥HEPCsi gnal
CNTL1. The characteristics neasurenent circuit 3313 is configured

such that the neasurenent is made in a state electrically separated from
the power switch circuit 32. [0160] 30Fig. 44 shows a circuit diagramof a
concr et e corddsgureatingn lexaapt eowofuting tor ansasssikoRlgat e of the

S2262791W0 )\ ngﬂr acteristics neasurenent circuit 33D of Fig. 43. [0161]
The transmi S5i% gate TMGL1 i ncludes NMOSFETs NT11, NT12, NT13, and NT14,
PMOSFETs PT11 and.cREidinanto StiesiciaakstBE3sands Ridasdrerdie transm ssi on
gate TMGL1l, the NMOSFETs NT11 and NT12 are connected in series between a
connect i on HodeiNDEPS 6F Ebfnetti I SwitSF SERETGBRerat | 1y B ¥hent and a node

ND12 on st he, gharactelshi 65 SRasUr Qe ¢heChik-1033D side.
Simlarly, in the transm ssion gate TMGll, the PMOSFETs PT1l and PT12 are
connected in ser iBesabetwerhy t ee comisdciroRlhode NBiad f grisoriection with
t he gener atsi.lnzqE %I enent. _and_the norg%il\% on the 15 characteristics

N e

measur ement”&ir Uit 33D %i’“dek?e o ‘ween the gate of the PMOSFET PT11

and the referencecppteati ab MsS ndthedNMSSEETaNFd32¢ st@onnecised. Bet ween t he
gate of the PMOSFET PT12 and the reference potential_ VSS, the NMOSFET NT14
i s connect €T 20The& ST5dE eNDETT i R TOHTEETEd £6 fﬁ@tgh?el%fs%lht@bgﬁ)SFET PT11

via thegesist e RlFernshfl harl Yy 4 he 448y operation of actual
generating elements (sclar batteries).
(01581
[Fourth configuration example of characteristics
measurement circuit]

15 Fig. 43 shows a circuit diagram of a fourth
configuration example of the characteristics measurement
circuilt according to the present embodiment.

[0159]

In the characteristics measurement circuit 33D of

20 Fig. 43, instead of simply connecting a resistor to the
output of the generating elements (solar batteries) 20-1
and 20-2, the output is connected tc a resistor ladder
R12 via a transmission gate TMGLL.

The transmission gate TMGi1 is on—- or off-

25 controlled by a control signal CNTLIL.

The characteristics measurement circuit 33D is
configured such that the measurement is made in a state
electrically separated from the power switch circuit 32.
f0160]

30 Fig. 44 shows a circuit diagram of a concrete

configuration example of the transmission gate of the
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ND12 is connected to the gate of the PMOSFET PT12 via the resistor Rl14.
The gates of the NMOSFETs NT11l, NT12, NT13, and 25 NT14 are connected to a
supply line for the control signal CNTL1. [0162] In the

transm ssion gate TMGll with the above configuration, there is no flow
because of an opposed-30 diode structure. Wien a drai #F26dree¥velt age VDS
is large, the S2262791W00 PMOSFET si de conducts. Wen the drai n-source
voltage VDS is small, the NMOSFET side conducts. [0163] In the present
exanpl e, the generating elenents 5 (solar batteries) 20-1 and 20-2 are

di sconnect ethafrrgiret het ponereswnegiendi céuict1823py ¢orti®dl 14°ng the switch
SWB2. in tq%l%qwer swtch circuit 32. In this state, the generating
el enents (solar "batteries) 20-1 and 20-2 and the characteristics 10

measur enent circuht 83&hatesCcionneeatedTHt ut ¢ hgleon NMISFETansn ssi on gate

TMG11 by the control signal CNTLI1. Then vol t age V(n0Q2) applied
Lo the var Ghie FBePstBr 1 Aichon Fdsi SVBFFER2TEL Mibtb ad) 220

Accordi Bg tQ:kGR2Ys=rVENO2)ERL2, 1-V is 15 determ ned. [0164] Fi g.
45 shows a simulation result obtained by the characteristics neasurenent

circuit of Fig. 48.thas shownissiFinggass THEEor diftry NPSEREs NTLL

and NT12 are connectasd in series befween a connecticn
node ND11l for connectiocn with the generating element and
a node ND12 on the characteristics measurement circuit

10 33D side.

Similarly, in the transmission gate TMGLl, the
PMOSFETs PT11 and PT1Z are connected in series betwesen
the ceonnection node NDil for connection with the
generating element and the ncde ND1Z on the

15 characteristics measurement circuit 332D side.

Between the gate of the PMCOSFET PTI11l and the
reference potential VSS, the NMOSFET NT13 is connected.
Between the gate of the PMOSFET PT12 and the reference
potential VSS, the NMOSFET NT14 is connected.

20 The node ND11 is connected to the gate of the
PMOSEFRET PT11 wvia the resistor R13. Similariy, the node
NDl2 is connected to the gate of the PMOSFET PT12 via
the resistor R14.

The gates of the NMOSFETs NTI11, NT1Z2, NT13, and

25 NT1l4 are connected to a supply line for the contrcl
signal CNTLL.
f0lez)]

In the transmission gate TMG1ll with the above
configuration, there is no flow because cof an oppocsed-

30 diode structure.

When a drain-source voltage VDS is large, the
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20 characteristics neasurenent circuit of Fig. 43, good sinulation results

can be obtained. [0165] <4-4. Concrete configuration exanple of
vol tage conversion unit> 25[First configuration exanple of voltage
conversion unit] Fig. 46 shows a circuit diagramof a basic

configuration exanple of a step-up type switching regufater 2a80¢he vol t age
conversion unit according to 30 the present enbodinent. [0166] 592627
91W00 The switching regul ator 31A includes a generating el enent side
capacitor 031, an inductor L31, a diode D31, a secondary battery side
capaci t or (O3RSrafidsadeoper@td¢img vihtageheomtaiol-amirtce3101as9amy e

ponstituen%.Sselﬁgen%s. &g&gg&rThe,o%er%%ggg'voltage control unit 310
i ncl udes a §VAF@h|hg Fansistor ?@ﬁ@ ﬁﬁ', a“ctonparator 311 as an input
vol t age detpeatgzgn unit, and a PFM (pul se frequency 10 nodul ati on) control
unit 312. [0168] ,

In the present example, the generating elements

5 {solar batteries) 20-1 and 20~2 are disconnected from
the power switch circuit 3Z by controliing the switch
SW32 in the power switch circuit 32.

In this state, the generating elements (solar

batteries) 20-1 and 20-2 and the characteristics
10 measurement circult 33D are connected by turning on the
transmission gate TMGLl1l by the control signal CNTL1.

Then, a voltage V(n002Z) applied to the variable
reslstor (ladder resistor) R1Z is measured.

According to I(R2) = Vv (n002}/R1l2, I-V is

15 determined.
[0164]

Fig. 45 shows a simulation result obtained by the
characteristics measurement circuit of Fig. 43.

As shown in Fig. 45, according to the

20 characteristics measurement circuit of Fig. 43, good
simulation results can be obtained.
[0165]

<4-4. Concrete configuration example of wvoltage

conversicn unit>
25 [First configuration example of voltage conversion
unit]

Fig. 46 shows a circuit diagram of a basic
configuration example of a step-up type switching
regulator as the voltage conversion unit according to

30 the present embcdiment.

i0lee)]
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The conparator 311 conpares a variable reference voltage Vref supplied from
the first control unit 34 with a voltage generated by the generating

el enents 15(sol ar batteries) 20, i.e., an input voltage VI. The conparat or
310 switches its output to high | evel when the input voltage VT exceeds the
reference voltage Vref. [0169] 20The PFM control unit FEXxzgéeanscates a pul se
with a fixed width in response to the output fromthe conparator 311 and
turns on the switching transistor @B1 for a predeterm ned tine.

The PFM control unit 312 is configured such that 25 it can be placed in an
enabl e state by aheenablehsigratgiENtand 3iéséhcbydas ressinesiagialy RST. [ 0170]

Fig. 47 illustrates a basic operation of .the step- type sw tching
regul at or . %ﬁﬁ%l]”%ﬁecﬁ?%%% 1B ?%/%)]ef SW ¢ Fﬁgofeagfat%r&poed\rlgf orns a
8P262791W0: s Wit Ghi-Bg0per Bt 08 Pys sk fagxeited osgjldmiion. The operating

poi nt (oper atil{l?g,vol tage) of the generati n% el ements (solar batteries) 20
connect ed t&HS PEpUPLFEIR 0P PedPniSTHE Vi APula] 8T a1 tidg® gener at ed by

the generating.en:s,
[0167]

The operating voeltage contrel unit 310 includes a
switching transistor (SW) 031, a comparator 311 as an
input voltage detection unit, and a PFM (pulse frequency

10 modulation) control unit 312.

[0168]

The comparator 311 compares a variable reference
voltage Vref supplied from the first control unit 34
with a voltage generated by the generating elements

15 (solar batteries) 20, i.e., an input veltage VI.

The comparator 310 switches its ocutput to high
level when the input voltage VI exceeds the reference
voltage Vref.

[0169]

20 The PFM control unit 312 generates a pulse with a
fixed width in response tc the output from the
comparater 311 and turns con the switching transistor Q31
for a predetermined time.

The PrM control unit 212 is configured such that

2% 1t can be placed In an enable state by an enable signal
EN and reset by & reset signal RST.

[0170]

Fig. 47 illustrates a basic operation of the step-
up type switching regulator,

30 (01711

The step-up type switching regulator performs a
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el ements 20, and the output is the electricity storage el enent 40
(secondary battery (Li+ battery). The MPFT is perforned by an operating

poi nt control of the generating elenments (solar batteries) 20-1 and 20-2.
10[ 0172] Basically, in the step-up type switching regulator as shown in
Fig. 47, energy is stored in the inductor L31 by a curgEd213iatcot! ows in
when the switching transistor WB1 is turned on. 15Wen the swtching
transistor B1 is turned off, the energy stored in the inductor L31 is

rel eased. Thus, the energy of the inductor L31 is added to the input
vol tage VI .sWstahiresuperatheni hpuse vl d:age«ics csteppedioap. 20[ 0173]

Next, an operation of the step-up type sw.tchin equl ator_of Fig. 46
according to the Tﬁfe?@ﬁfagﬁﬁ%dﬁa%&hﬁ %Hﬁfaﬁénaegg?f-%‘g%! of tHE basis of the

basi ¢ oper ajddyraHing: «48mkhtustsat £8 yheoperat boncehnébe=step-up 25 type
swi tching regulator of Fig. 46. [0174] <1> \Wen the input voltage VI
exceeds thethefigmsticésvérragel \#@f, the cutout fromthe conparator 311

S11 the’ PEM contesl Ut 312 0oreTaes b So uri s T ePAes /om0 1 | xed
wi dt h (SW =DbmentEhus, thd energytput tie thededeorri8itysstretaased.
element 40 {(secondary battery (Li+ battery). The MPPT is
performed by an operating point control of the
generating elements (sclar batteries} 20-1 and 20-2.
10 [0172]

Basically, in the step-up type switching regulator
as shown in Fig. 47, energy is stored in the inductor
L31 by a current that flows in when the switching
transistor W31 is turned on.

15 When the switching transistor 931 is turned cff,
the energy stored in the inductor IL31 is released.

Thug, the energy of the inductor L31 is added to
the input veltage VI, As a result, the input voltage is
stepped up.

20 [01731

Next, an operation of the step-up type switching
regulator of Fig. 46 according to the present embodiment
will be described on the basis of the basic operation.

Fig. 48 illustrates the operation of the step-up

25 type switching regulator of Fig. 46.
(01747

<i> When the input voltage VI exceeds the
reference voltage Vref, the cutput from the comparator
311 turns to high level.

30 <2> In regponse to the output from the comparator

311, the PFM control unit 312 generates a pulse with a
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<3> When the input voltage VI becones |ower than the reference voltage
Vref, the output fromthe 5 conparator 311 turns to low | evel and the
switching transistor B13 is turned off. Thus, the operation turns
fromthe em ssion of energy stored in the inductor 31 to the charging of
energy into the inductor L31. 10The above operation i ssrajuganacdo0] 0175]
In this case, the generating elenents (solar batteries) 20-1 and 20-2
operate at voltages around the reference voltage Vref. 15The reference
vol tage Vref can be varied by the first control unit 34 so as to control

t he oper at i AigcqpDiwitdthopewati ag) volthage) tak thergener atiend.reluenent s (sol ar
batteries) 20-1 and 20-2. [0176] 20According to the present enbodi nent, a
shut - down frictirf S7&7 566 ‘provi ded for shutting down the conmparator or the

PPM control circuist- when 8ReSiepPi NGsURdeS vRebEorABE. 1d et S.ralso possi bl e
to provide a reset function 25 for resetting when, as described above,

sel f - exci t eehosedfararicon VP Lagoppertt f orcore tPEas6ROBr tamot her . The on-tine
of 1he sutehing Jaanshst of OBl af{actsJhe paakGuLfenl, alg the | nduct or

L31. Thus, ment nmay be contigured such that the on-tine is 30
vari ed dependimgi=or: Belidnpat teuedniffor the generating el enent (sol ar
battery) that isﬁgggqe%%gdbperation turns from the emission of
energy stored in the inductor 31 to the charging of
energy into the inductor L31.
10 The above operation is repeated.
[0175]

In this case, the generating elements {solar
batteries) 20-1 and 20-2 operate at voltages around the
reference voltage Vref.

15 The reference voltage Vref can be varied by the
first contrel unit 34 sc as to control the operating
peint (operating voltage} of the generating elements
{solar batteries). 20-1 and 20-2.

[0176]

20 According ﬁo the present embodiment, a shut-down
functicn may be provided for shutting down the
comparator or the PFM control circuit when no stepping-
up. is performed.

It is also possible to provide a reset function

25 for resetting when, asg described above, self-excited
oscillation is stopped for one reason or another.

The on-time of the switching transistor {31
affects the peak current c¢f the inducter L31. Thus, the
embodiment may be configured such that the on-time is

30 wvaried depending on the input current or the generating

element (solar battery} that is connected.
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SP262791W00 [ 0177] The PFM pul se width (switch-on tine) needs to
be. adjusted such that the peak current of the inductor L31 is within a
certain range. 5Preferably, selection nay be nade froma plurality of types
in each range fromthe viewpoint of rating, noise, efficiency, and the

i ke. [0178] The vol tage conversion unit needee goenbogured as
10 descri bed bel ow. A change in surroundi ng environnment is detected
froma change in the switching frequency. In this case, the nunber
of times of switching is counted at At intervals and a difference fromthe
15 previousj@count is determ ned. In the neasurenent of the
switching, since the increased frequency is equivalent to increased anount

of electricity gehér &EBdPutHR Weter eifed teorPageiNg ef "¢ T HEhGEd and t he

path is swiiehad..2QWhen.the frequency. decreasescnbaiehy.«dhe Aanmount of
electricity I's decreased, the reference voltage Vref is changed in

response, the wdthn ¢ swirtehedrargrd the step-up operation is terninated.
[0179] 200 50, e GHLLp), 2o EASM G L] QT LU M A 19 I squgpy. Wher
of types in each range from the viewpoint of rating,
noise, efficiency, and the like.
(01781

The wvoltage conversion unit may be configured as

1¢  described below,

A change in surrounding environment is detected
from a change in the switching frequency.

In this case, the number of times of switching is
counted at At intervals and a difference from the

15  previous ccunt ls determined.

In the measurement of the switching, since the
increased frequency is equivalent to increased amount of
electricity generated, the reference voltage Vryef is
changed and the path is switched.

20 When the frequency decreases, namely, the amount
of electricity is decreased, the reference voltage Vref
is changed in response, the path is switched, and the
step-up operation is terminated.

[0179]

25 Also, the current is measured from the switching
freguency.

When the reference voltage Vref and the on-time of
the switching transistor Q31 are fixed, the switching
fregquency depends on the input current.

30 . Thus, the current can be calculated from the

switching frequency.
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the switching transistor B1 are fixed,

the switching frequency depends on

the input current. 30Thus, the current can be calculated fromthe sw tching
frequency.

whi ch the reference vol tage Vref

3P262791W00 [ 0180]

A concrete configuration exanple in
i s changed dependi ng on the increase or
decrease in swtching frequency will be 5 described. [4&bl791wo00

Fig. 49

shows a circuit diagramof a configuration exanple of the step-up type
switching regulator provided with a detection systemfor detecting a change
in the 10 operation frequency in the PFMcontrol unit of Fig. 46.

Fig. 49, f

5

connect ed

reference ppdenti al

ND31.

190

15

20

25

30

In

oroeasie of understandi ng, constituent portions simlar to those
shown in Fig. 46 will be designated with sim|ar reference signs.
swi t chi ng regul afoFC3EBESAoRAN T WHiag 49 e X¥8™Phe| tidedhGh HEfdition to the
confi gur at i Qe Ofe 0 48s 8N PLE -1 MG Aet aehian; HYi & 343, a charging end
detection unit 314, a counter 315, a register 316, and a subtractor 317.
The of f-ti mmgadetecti drcunite 318 and dthiegciaegihrnge20wehd et ecti on unit
314 may .be

A

onst.ruct ed of conparators. [0182] A resistor R31 is
& scribe . . .
between tHe source of the switching transistor B1 and the

Fig. 49 shows a circuift diagram of a configuration
example of the step-up type switching regulator provided
with a detection system for detecting a change in the
operation frequency in the PFM control unit of Fig. 46.

In Fig. 49, for ease of understanding, constituent
portions similar to those shown in Fig. 46 will be
designated with similar reference signs.

A switching regulator 31B shown in Fig. 49
includes, in addition to the configuration of Fig. 46,
an off-timing detection unit 313, a charging end
detection unit 314, a counter 315, a register 316, and a
subtractor 317.

The cff-timing detection unit 313 and the charging
end detection unit 314 may be constructed of
comparators.

[0182]

A resistor R31 is connected between the source of
the switching transistor Q31 and the reference potential
V&S, and the connection point thereof forms a node ND31,

The coff-timing detection unit 213 compares the
threshold value Vrefl with the potential of the node
ND31 so as to detect the off-timing of the switching
trénsistor 031, and outputs the detected result to the
PFM control unit 312.

The charging end detection unit 314 compares the

23

25 VSS, and the connection point thereof forns a node



The off-timng detection unit 313 conpares the threshold value Vrefl wth
the potential of the node ND31 so as to detect the off-timng of the
switching transistor B1l, and outputs the detected result to the 30 PFM
control unit 312. The charging end detection unit 314 conpares the
SP262791W00 out put vol tage (cat hode-side potential ofspele7diede) with the
threshold value Vref2 so as to detect the end of charging, and outputs the
detected result to the PFM control unit 312. 5[0183] As the current through
t he generating elements 20- 1 and 20-2, i.e., solar batteries, changes
(change in dddoum Ranceye {betlopir-atiidenpbrequeatyodfrideiiRlEMicontrol unit
312, which is_a transforner circuit, chan the current through the

es. 10As
generating“@ﬁ@nﬁﬁ?stéﬁgsﬁoh%dﬁﬁbﬁ?\%ﬁgﬁgég EEhaRgeet5F S 19 GniAgnce), the
charging tige ok theqyl ndugt ke d3k ahangesectBat his.case, dkepgieater the
current, the shorter the charging tine will be. 15When the transforner
circuit (PFMtirelusedt Bhe-change in illum nance can be neasured on the
basi s o% thﬁn%%gnge in switching frequency. Conpared to a techni que
- invol ving the asurenent of the open voltage by periodically stopping the
PFM 20 control unkttBd2cutrent, dhreughanséogaeerctircyidlentshicts £éehni que does

not require an ADC, _thus this technique, being capable of executing control
by using a:%ﬁﬁﬁbgg}ﬁ'lbm?eie%?%??:ﬁﬂgi?FlFFquaﬁE e%sﬁﬁnFPde§r.

In the exanpl:e,Qhaki0) , 40ne theFL0QHEREYgGANDEC 25 e asty @Gy ccounting the
gate control signal of the switching transistor (31 using the counter 315.
unit 312, which is a transformer circuit, changes.

10 As the current through the generating elements 20~
1 and 20~2 changes (change in illuminance), the charging
time of the inductor L31 changes. In this case, the
greater the current, the shorter the charging time will
be.

15 When the transformer circuit (PFM) is used, the
change in 1lluminance can pe measured on the basis of
the change in switching frequency,

Compared to a technique involving the measurement
of the open veltage by pericdically stopping the PEM

20 control unit 312, i.e., the transformer circuii, this
technigue does not reguire an ADC, thus this technique
being capable of executing control by using a change in
low-electric power frequency as a trigger.

In the example of Fig. 49, the frequency can be

25 measured by counting the gate ccentrol signal of the

switching transistor (231 using the counter 315.
(0184}

It can be determined that the greater the current
through the generating elements 20-1 and 206-2, i.e., the

30 solar batteries, the higher the freguency is.

It can be determined that as the current through
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[ 0184] It can be determined that the greater the current through
the generating elenents 20-1 and 20-2, i.e., the 30 solar batteries, the

hi gher the frequency is. It can be determ ned that as the current through
BP262791W00 the generating elements 20-1 and 20-2, i.e., the solar
batteries, is smaller, the frequency is |lower or that ddwsogwiitiobong is in a
termnated state. Wen the change in the frequency is equal to or 5 nore
than a predeterm ned val ue under the control of the control unit of the
first control unit 34, the measurenent of the |-V characteristics (or the
short-circutie Génkent)nySe penréof srexh -againd and2t he. VEET-1eoOd1elr i s perforned
again. 10lt may be configured to performthe neasurenent %%%Jn when t he

change is itRreFEd, 15 Smalipe nPds rEMERECEF 18heCTFoctferidi? can be

achi eved by, countii-ng;thhe: sw t ching pul-seqssisggak . of the PFM control unit
312, i.e., the transfornmer circuit, by the 15 counter 315, polling the

count er val ue at WRknnteevahancand: tthen fdetteentri hy @i f fter erce using t he

subt ract.or 317. using a tracking trigger .as e chan i
frequené@, The ﬁﬁ%ﬁeﬁ Bge??n%%m%ﬁeéaﬁfgﬁ%eﬁgﬁFro%ﬂ?h%oaﬁgﬁPﬁ%.gﬁﬁor and

control el egintirwlpaner eanche feticethntr@185hit 34, thé is also possible to
conduct the MITP control in accordance with a tenperature change.

Fig. 50 shoW@cHaiges Ph the 1=V SHEEEErPStFEs (95 ofe tH¥gener at i ng

el ements (solar,Ratlerkes) L9 accardancewihh hamperaitse changes.
As shown in Fig. 50, the |-V characteristics of the generating el enents

(sol ar battet i)t ogmedvagieed- i n accordance with tenperature changes. Thus,

the 10 It may be configured to perform the measurement

again when the change is increased.

The measurement of the fregquency can be achieved
by counting the switching pulse signal of the PFM
contrel unit 312, i.e., the transformer circuit, by the

15 counter 315, polliing the counter wvalue at M intervals,
and then determining a difference using the subtractor
317.

By using a tracking trigger as the change in

frequency, the number cf times of measurement cf the
20 MPPT error and control electric power can be reduced.
[0185]

It is also possible to conduct the MTITP control in
accordance with a temperature change.

Fig. 50 shows changes in the I-V characteristics

25 of the generating elements {sclar batteries) in
accordance with temperature changes.

As shown in Fig. 50, the I-V characteristics of
the generating elements (solar batteries) are varied in
accordance with temperature changes. Thus, the

30 thermistor 50 1s monitored by the second contrel unit

35, and the detected temperature informaticn is supplied
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30 therm stor 50 is nonitored by the second control unit 35, and the
detected tenperature information is supplied 5P2627 91WO00 to the first
control unit 34. The first control unit 34 selects a coefficient
that is associated with a tenperature in advance, in accordance with the
tenperature information. The first 5 control unit 34 tdenmditiophi es the
reference voltage Vref for the MITP control, for exanple, with the
coefficient, and perforns the MITP control in such a manner as to track the
tenperature conversion. In this case, various enbodi nents are possible. 10

For exanpl exsimeone erbedhaent, vai norsml MITP control is perfornmed in a
normal tenperature range of 10 to 15 with respect to room tenperature of
25C, a first coefficciféne®i §OH§EQP|WP%Ff%hﬁ@ﬁ&?ﬁ?earéﬂ%%fﬁFﬁﬁé% than t he

nor mal te”pﬁﬁé%LH§3éé%%%%at@ﬂdwétﬁegoﬁghﬁéﬁgﬁJfé %Etaé§ahéeusﬁﬁ in a lower
t enper at ure range. he MITP control may be applied not just to the

control of @h@owbhﬁag®1¢anEﬁst@mp@nﬁtuﬂﬂ1bdbrah§90no tHe dommséct i on

t chi f.1he electr f t tch it 32.
o otee” et Eanif o R opRRoTe wbotrt GETBACT RS Vrtagh conver sion

unit 31 i s previged dae &Tspepouprbypeféwudxﬂmpn@ reguhatee, it is also
possible to. apply a step-down type sw tching lgulator 310 as shown in Fig.
2551. Basi caPtyEItireEtst epddBRRTE PR %@ﬁﬂ%ﬂﬁhgop §at-atBr 5349 %has a

configuratign,simJlar t @ Lhe SteP:uUp-dyPe, Xcepl,oLaf Lhe mode of connection
of the inductor L31 and the diode 031. 30Thus, the circuit configuration of
Fig. 49 can be In this case, various embodlments are possible.

10 For example, in cne embediment, a normal MTTP control is
performed in a ncrmal temperature range of 10 to 1D
with respect to room temperature of 25°C, a first
coefficient is used in a temperature range higher than
the normal temperature range, and a second ccefficient

i5 is used in a lower temperature range.

The MTTP control may be applied not just toc the
control of the voltage conversion unit 31 but also to
the connection switching of the electric power path of
the power switch circuit 32.

20 [0186]

While in the foregoing descripticn the voltage
conversicn unit 31 is provided by a step-up type
switching regulator, it 1s also possible to apply a
gtep-down type switching regulator 31C as shown in Fig.

25 51,

Basically, the step-down type switching regulator
31C has a configuration similar to the step-up type
except for the mcde of connection ¢f the inductor L31
and the dicode D31.

30 Thus, the circuit configuration of Fig. 49 can be

applied as it is.
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applied as it is. SP262791W00 [0187] <4-5. Configuration exanple
of backfl ow prevention circuit> Fig. 52 shows a circuit diagram
of a configuration 5 exanple of a backflow prevention circuit according to
the present enbodi nent. [0188] The backfl ow prevention circuit 36 is

di sposed in a voltage supply line LV fromthe output afzddeepower 10sw tch
circuit 32 to the electricity storage el enent 40. The backfl ow prevention
circuit 36 includes a resistor R41, a switching transistor Q41 fornmed by a
PMOSFET, a di ode 041, and a conparator 361. The resistor R4l and the
switching tramsistor 41 15 are connected in series between a node ND41 on
the generating el enment side and a node ND42 gn the electr|C|Hy st or age

el enent 40 side of the® QBFf%b%a%iﬂﬂﬂ%quFﬁé PW1P2GRE U Gofe GAL6r backf | ow
prevention is-gconnected in parallel to the switching transistor 20Q41.

The conparator 361 conpares the potential of the node NO41 with the
potential of the fiedeSRD42owaml ¢irdisttostiegrenf cf he e ihingitonansi st or

Q11 depg ndlélganﬁﬂ { Q% coppaLkson Lesull.; oplQ183]  The backil aw prevention

circuit 36 per
the present embodiment .

[0188]

The backflow preventicn circuit 36 is disposed in

a voltage supply line LV from the output of the power
10 switch circuit 32 to the electricity storage element 40.

The backflow prevention circuilt 36 includes a
resistor R4l, a switching transistor Q41 formed by a
PMOSTET, a diode D41, and a comparator 361.

The resistcor R41 and the switching transistor Q41

15 are connected in series between a node ND41l on the
generating element side and a node ND4Z on the
electricity storage element 40 side of the voltage
supply line LV1. The diode D41 for backflow prevention
is connected in parallel to the switching transistor

20 Q4:t.

The comparator 361 compares the potential of the
node ND41l with the potential of the node ND42, and turns
on or off the switching transistor Q41 depending on the
compariscn result.

25 [0189]

The backflow prevention circuit 36 performs a
byvpass control of the dicde for preventing backflow from
the electricity storage element 40 to the generating
element (solar battery).

30 The backflow preventicn circuilt 36 decreases the

loss due to the forward voltage VF while preventing
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bypass contr ol

of the diode for preventing backflow fromthe electricity
storage elenent 40 to the generating elenent (solar battery). 30The

backfl ow prevention circuit 36 decreases the |oss due to the forward
vol tage VF while preventing SP262791W00 backf [ow. [0190]
of the node NO41 is higher than the potentialroaf7checonode N042
and there is a no- 5 backflow state, no backflow is detected and the
conparator 361 outputs a |ow | evel. As a result, the sw tching
transistor 41 turns on and the backfl ow prevention di ode D41 is bypassed.

potenti al

When the patendialy.of the node ND42 is higher than 10 the potenti al
node ND41 and there is a backfl ow state,

When t he

of the

the backflow is detected and the

conparator 6P %utputs a high level. _ As a result, the switching
transistor Q41 tyrns eff 5gge@t§£mﬁgﬁ%%%nngageNg%glg%ggqﬂgg;Em%nbackfIOM/15

prevention diode D41 is provided.

n this configuration, the

| oss due t cchehediackfileowopr evemddn NMl4Zcuind needs t® densmal |l er than the

| oss du
such th

MOSFET.

i0

15

20

25

30

As a result, the switching transister Q41 turns on
and the backflow preventicn diode D41 is bypassed.

When the potential of the ncde ND42 is higher than
the potential of the node ND41l and there 1s a backflow
state, the backflow is detected and the comparator 361
outputs a high level.

Ag a result, the switching transistor 041 turns
off and a connection line dedicated to the backflow
prevention diode D41 is provided.

[0121]

In this configuration, the loss due to the
backflow prevention circult needs to be smaller than the
loss due to the diode connection.

It 1s also possible to be configured such that the
backflow can be detected only via the on-~resistance of
the MOSFET.

It is preferable that the electric power
consumption by the comparatcr 361 be minimized.

[0182]

It is also possible to perform backflow preventicn
py utilizing the characteristics of the secondary
battery.

In this case, the diode D41 dedicated to backflow
prevention i1s provided when the battery voltage sharply

drops during charging (charging vcltage > discharging

98

tq the .diod onnection. . 20it. is, als ossi.bl.,e to be configured
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consunption by the conparator 361 be mnimzed. 25[0192] It is also
possi bl e to perform backfl ow prevention by utilizing the characteristics of
t he secondary battery. In this case, the diode D41 dedicated
to backflow 30 prevention is provided when the battery voltage sharply
drops during charging (charging voltage > di schargi ng s:5%262793W600

vol tage). [0193] <4-6. Charging control > Next, charging control of the
electricity storage 5 el enent 40 by the current/voltage limt circuit 37 of

the electric power control apparatus 30 will be descri bed. Fi g.
53 is a cinrguittagdiyagram of a configurati on exanple of the current/voltage
limt circuit according 10 to the present enbodi nent. [0194] The

current/volk&gellimit circuit 37 includes MOSFETs @61 and 62 di sposed in a
vol tage supply |ineg ersQryaiPplddiels-371 to 373, constant current sources

15 151 and 152, and external resistors R51 to R55. [0195] In the

current/voltage Nieprict Ghacwlmg3ﬂnﬂrhé-gét@hso@éﬁ$i¥ﬂﬁiﬁﬂ sttiee eNMBSFETs (b1
and C525are controlleg héhg err Qvoqgglfl 7é1%§53933 %1 a contro
vol t age,” a Yeferéndd VS age Vet prOV|8ed he ‘error ifier 371 is

used i n themaseecetriel bagerregidmill @pparatus 30 will be
described.
Fig. 53 is a circuit diagram of a configuration
example of the current/voltage limit circuit according

10 to the preéent embodiment.

[0194]

The current/veoltage limit circuit 37 includes
MOSFETs Q51 and Q52 disposed in a wvoltage supply line,
error amplifiers 371 to 373, constant current scurces

15 151 and I52, and external resistors R51 to R55.

[0185]

In the current/veltage limit circuit 37, the gate
potentials of the MOSFETs 051 and Q52 are controlled by
the error amplifiers 371 tc 373.

20 As a control vcoltage, a reference voltage Vrefl
provided to the error amplifisr 371 is used in the case
of voltage regulation.

In the case of current regulation, the control
voltage is provided by a veltage dropped when a current

25 is pulled by the constant current sources I51 and I52
from the path of R55 of the electricity storage element
(BAT) 40.

Two types of control are provided, i.e., a maximum
limit and an initial charging limit.

390 [0186]

[Charging termination method in the case of load
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In the case of current regulation, the control voltage is provided by a
vol t age dropped when a current 25 is pulled by the constant current sources
151 and 152 fromthe path of R55 of the electricity storage el enment (BAT)
40. Two types of control are provided, i.e., a maximumlimt and an
initial charging limt. 30[0196] [Charging term nati ogrgebhedwdtothe case
of load SP262791W00 pulling (1)] Wen a load LD (Fig. 1) is connected to
the electricity storage elenment 40, the voltage is limted not to the ful
charging voltage of 4.2 V but a |lower 5 voltage, such as 4.1 V.

There may bheiiaipgssible aspect where charging nay not be term nated, or
term nated when AV is infinitely,close to 4.1V, for exanple.

Floating tine ma{i"pe exteddd Gnd-sometfnesPitc4 ey "HE better to charge

with a |ower yeltage, Lo.the present %arrphg,vm%gmasr ge iSOt attained.

For exanpl e, approximtely 90% vol tage i s obtai ned. Ful | charge
may gradualtdor e appr dbathedndng s extléndengft he2 charyl g HowWee,

[ Char ge ternﬁQation met hod l R?e case of load pulling (2)] In

addi tion ténﬁhgggbogéc%e?%odﬂkl', charging may be terminated by a 4.2 V

regurage/ AV det echepn h£€hE QUecssible aspect where charging may
not be terminated, or terminated when AV is infinitely
close to 4.1 V, for example.

Flocating time may be extended, and sometimes it

10 may be better to charge with a lower voltage.

In the present example, full charge is not
attained. For example, approximately %0% voltage is
cbtained.

Full charge may gradually be approcached by

15 extending the charging time.

[Charge termination method in the case of lcad
pulling {(2)]

In addition to the above method {1}, charging may
be terminated by a 4.2 V regurage/AV detection technique

20 (4.1xV) when there is a signal {no load connected) from
a control pin.

In the case of a stand-alone charger, this pin may
be configured to provide a fixed potential sc that the
charging voltage control of the electricity storage

25 element 40 can be performed at all times.
[0197]

[AV detection technique]

After the start of CV charging, AV detection is
started at five-minute intervals, for example.

30 The period of five minutes may be adopted in view

of the output electric power performance of the
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20(4. 1xV) when there is a signal (no | oad connected) froma control pin.
In the case of a stand-alone charger, this pin nay be configured to provide
a fixed potential so that the charging voltage control of the electricity
storage 25 element 40 can be performed at all tines. [0197] [AV detection
t echni que] After the start of CV charging, AV detecticoncbs started
at five-mnute intervals, for exanple. 30The period of five mnutes may be
adopted in view of the output electric power perfornmance of the
SP262791W)00 generating el enents (solar batteries) 20-1 and 20-2 or the
char gi ng capagidyial themehegt (i€idy sieeagesel eoentadd, 2 f-or cexanpl e.
Charging is termnated during AV detection and the 5 open volta%e of the
el ectricity-'st GHEge 8FefiRBCADY | &F e GréGrricity SENEYi rig SHEY the

term nated for 4mo QL. lhree seconds, for exanple. The termination tine nmay
be deternined in view of the performance of the ADC or the 10 electricity
storage el enent 46arFhegdi$ f erenice dret weennty hav chhargr nigrvelrtiageéeand t he

open VoLl ags,J. IRSSHLed: 26, A e e AVl 2osaUla 8 ot Lgps Lhan S0 v
control > measured,

Charging may be terminated for two or three
seconds, for example. The termination time may be
determined in view of the performance of the ADC or the

10  electricity storage element 40.

The difference between the charging voltage and
the open voltage is measured as AV. When the AV is equal
to or less than 50 mV, for example, charging is
terminated.

15 [gie8]

<4-7. Overall charging control>

Next, charging control of the electricity storage
element 40 by the eleciric power control apparatus 30
will be described.

20 Fig. 54 is a flowchart for describing the overall
charging contrcl by the electric power control apparatus
according to the present embodiment.

The second control unit 35 controls the power
switch circuit 32 and the like on the basis of a

25 detection result from the thermistor 50, for example.

In the following, the overall charging control
will be described, including the operations of the
second contrel unit 35 and the start-up circuit 38.
[06129]

30 First, it is determined whether, in a state where

MPPT charging is off (8T101) and the initial charging is
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Next, charging control of the electricity storage el enent 40 by the

el ectric power control apparatus 30 will be described. 20Fig. 54 is a
flowmchart for describing the overall charging control by the electric power
control apparatus according to the present enbodi nent. The second

control unit 35 controls the power switch circuit 32 ammtahieikpbke on the
basis of a 25 detection result fromthe therm stor 50, for exanple.

In the followi ng, the overall charging control will be described, including
t he operations of the second control unit 35 and the start-up circuit 38.

[ 0199] 30Fiwsst, (9028 , det et mpuedvavhetdrevIN pyatbtayenavderiemdPPT charging is

of f (ST101) and the_initial jng SP262791W00. of f (ST102), an input
voltgge Vl&ﬂﬁ?mFﬁﬁ 585%r5??n%@g$gﬁiﬁP§ﬁfﬁlf%ﬁﬁdt %-ﬁo}%aﬁﬁéﬁ%V t%an t he P

vol tage VBAJr afnd hecekectri¢idyosiqps agenehemeot (40:(Sr103). Wen it is
determ ned in step ST103 that the |ngut 5 voltage VIN is higher than the

vol tage VBAT of tHenefect? ittt sisicage eFeRreft 40, that itiedererit ned
vhether sa oAl kg ¢0af glng. enanl &) gaaL Bl dehs a1 Law | evel (STL04).
g na low 1 evel,

When the chargi enabl e si EN X I's at initial charging
is turned onlgSEEQZ:ywhenréde ¢lenperatdine ifr om theethiered strarths@ is not O
or less (ST105) and not 60 or. us, the initial

chargi ng of®t g“eF&&ﬁ??cF??r%%%?&%Eﬁgﬁé%gﬁpa&oﬁﬁsxp%?f%?ﬁ%ﬂ“mjth t he
electric powgfer (5T104).

When the charging enable signal EN X is at low

10 level, initial charging is turned con (ST107) when the
temperature from the thermistor 50 is not 0° or less
(ST105) and not 60° cr more (8T106).

Thus, the initial charging of the eleciricity

storage element 40 is perfermed with the electric power
15 generated by the generating elements 20-1 and 20-2, and
the process returns to step S5T103.

When negative determination resulits are cobtained
in steps ST105 to ST107, the p&ocess returns to step
ST103 while leaving the initial charging off (8T108).

20 [0200] '

When it is determined in step ST103 that the input
voltage VIN is lower than the voltage VBAT of the |
electricity storage element 40, the initisl charging is
turned off (8T10%), and the MITP charging is maintained

25 off (8T110).

Then, it i1s determined whether the voltage VBAT of
the electricity storage element 40 is lower than 4.1 V,
which 1s the limited full charging voltage of 4.2 V
(5T111).

30 When the voltage VBAT of the electricity storage

element 40 is lower than 4.1 V, it is determined whether



15 generated by the generating elenents 20-1 and 20-2, and the process
returns to step ST103. When negative determ nation results are obtained in
steps ST105 to ST107, the process returns to step ST103 while | eaving the
initial charging off (3T108). 20[ 0200] Wien it is determned in step
ST103 that the input voltage VIN is |lower than the voldmge BAToof the
electricity storage elenent 40, the initial charging is turned off (ST109),
and the MITP charging is naintai ned 250ff (ST110). Then, it is
determ ned whet her the voltage VBAT of the electricity storage el enent 40

is |lower thate 4nbd Whicehei 811 hey liHd etk nghar ghag-yald-age of 4.2 V
(ST111). 30When thelvoltage VBAT of the electricity storage elenent 40 is
| ower than ad AP-3 ti5 §igeeer Mrdred-RhetHdaIespB383791viped the i nput vol t age

VIN by the genarati.ng ekepent s, 201, ang a%Tglbi_higher than the vol tage
VBAT of the electricity stofage el enment 40 (ST112). When t he input

vol tage VIN is hivgeer thhammphie woltteage WBATsohipher eflert rilei ty st or age

el enent 40, the pr S returns, to step ST103. Wen the input_.voltage VIN
s Toner, 111 LB REat MRt HErE o i FoRg 001 EAGRoUBTART W | oner ¢ han

a starting gtyesholdrvahderyostages™MICEN vhea €hargigig systemeci rcuit
(ST113). 10Wien the starting voltage VSTART is higher than the starting
t hreshol d vaiNie v ditage VSCEN, 9% He prtice s e-8ear AsSEa7 st ST109. When the

starting voldage VYEARRT S| O¥RL- than, t&%tarti@t antiog, tdreshel d val ue
vol tage VSCEN, the follow ng 15applies. hat is, when the
t enper at ur evdriornst WSCENerfi st ohaBOLNs netted eirkoher ($5T134) and not 60 or

PLTeL (TS G0e0 LD olar 0,10 Shatk ek onel o ENK I 1 ow | eve
the starting threshcld value voltage VSCEN, the process
returns to step ST103.

When the starting voltage VSTART is lower than the
starting threshold value voltage VSCEN, the following

15 applies.

That is, when the temperature from the thermister
50 is not 0° or lower {(57T114) and not 60° or higher
(sT115), and when the charging enable signal EN X is at
low level ({57116}, the MITP charging is turned on

20 (8T117).

As a result, when the switching is performed such
that the voltage conversion unit 31 is applied, the MPPT
charging control ls performed (3ST118}.

After the MPET charging contreol, the MPPT charging

25 is turned off (8T119}), and then it is determined whether
the voltage VBAT of the electricity storage element 40
is lower than the full charging veoltage of 4.2 V
(ST120) .
When the voltage VBAT of the electriclty storage
30 glement 40 is lower than the full charging wvcltage of

4.2 V, it is determined whether the input voltage VIN is
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20(5T117). As a result, when the switching is performed such that
the voltage conversion unit 31 is applied, the MPPT charging control is
performed (ST118). After the MPPT charging control, the MPPT charging 25 is
turned off (ST119), and then it is determ ned whether the voltage VBAT of
the electricity storage elenent 40 is |ower than the faddszchamwgiong vol t age
of 4.2 V (ST120). When the vol tage VBAT of the electricity
storage 30 elenent 40 is |ower than the full charging voltage of 4.2 V, it
is determ ned whether the input voltage VINis SP262791WO00 hi gher than

t he vol t agen\MBAE afhatnhehel el tigd tynst arfagecekenent i 40t ¢ StlAHge When t he

i nput voltage VIN is higher, the process returns to step ST103. Wen the

i nput vol t NN (4 I(é&é?lé harfleie t5ey 6PPHge’ VBRI Of the %el ectricity

storage el e 40,1t h-scdet erdi ned whether, qutpyt vol tages 17501 and 2 of
the generating elenents 20-1 and 20-2 are | ower than the voltage VTHR

(5T122). When t h&heat phe Yoptages tEZB0VIidnds2larer| ower dfifan 10 t he vol t age
VTHR, the process . rn st ST103.. \Wen.the t | t.ages 17501 and

2 are hi‘gher rocess returns IS’ determined in
step ST120 idatedeeniviekt apetVBATowioitherdlteeksi vECY storages elrement 40 is

15 higher than the full charging voltage of 4.2 V, a system feeding
function i SRUFGFEd"Gn e¢8TEREY. 20-1 and 4045 afRen“Yet er Mi'he'd Swhet her t he

vol tage VBATL,Of.Jherekeckrisbty storage el ement 40 is lower than 4.1V,
i.e., the limted full charging voltage of 4.2 V 20(ST124). \Wen |ower, the
syst em f eedi ng f Wheri shei sutpirthethlofaeEsTERS) anfd? t fee protessdéturns to

step Sy%p3'the voltagse VTHR, the process returns to step STI103.
When the output voltages VSCl and 2 are higher, the
process returns to step ST114.
When it is determined in step ST120 that the
voltage VBAT of the electricity storage element 40 is
15 higher than the full charging voltage of 4.2 V, a system
fe@ding function is turned on {ST1Z3).
It is then determined whether the voltage VBAT of
the electricity storage element 40 is lower than 4.1 V,
i.e., the limited full charging voltage cof 4.2 V
20 (8T124). When lower, the system feeding function is
turned off (8T1253) and the process returns to step
ST103.
[0201]
When the electric power supply is being limited by
25  the current/voltage limit circulit 37, the backflow
prevention functicn cf the backflow prevention circuit
36 may be controlled to be terminated.
Such control may be configured te directly perform
by the current/voltage limit circuit 37, or by the first
30 control unit 34 or the second control unit 35.

[0202]

104



[ 0201] When the electric power supply is being limted by 25 the
current/voltage imt circuit 37, the backflow prevention function of the
backfl ow prevention circuit 36 nay be controlled to be term nated.

Such control may be configured to directly performby the current/voltage
limt circuit 37, or by the first 30 control unit 34 areztshesswcoad control
unit 35. [0202] SP262791W00 It is also possible for the second
control unit 35 to control nonitoring of the voltage VBAT of the
electricity storage elenent 40, i.e., the secondary battery, and turn-off
of the voltage cmﬂveesh@@otgﬁésiﬁhdSﬁ@& the teaenofcdrddolcharige3s] 0203]
Further, as shown in Fig. current/voltage |imt circuits 37-2 and 37-3

may be provit&E@TAC& BSP%FBﬁl%%ét%f?ﬁb“ﬁéﬁ@ﬁatyﬁﬁTe?%ﬂﬁﬁts 20-1 and 20-2

are 10 connecled;and,conbigured such that jthe elgctrdsonower supply can be
limted when the genéerated el ectric power of f he generating el enents 20-1

and 20-2 |§oaécq@et|y,orandorcertlhfaﬁf a%etffteawwl\tagaecowgbslqrheﬂbéc@ﬁl ow

preventi.on f t| n_of th Iom1prevent|on circuit 36 may be
control Ped % Q%’ géﬁﬁlﬁgtgaigﬁgﬁi i€ el ectric power supply is limted by

the currentfozalsiage limt circuits 37-2 and 37-3. [0204] In the
configuration of _Fi the 20 current/gglta e I| t circuits are

di sposed at the FHB%Fegtaﬁ% HHYT HE Sufput>st SgEOF - tWﬂ}Hﬁg§ctr|c power
control apparatus;3@y:Theseus ram /ol age bemto6lacyits sy be configured

to be disposed at one of the input stage and the output stage 25[ 0205]
portion where the generating elements 20-1 and 20-2 are
10 connected and configured such that the electric power
supply can be limited when the generated electric power
of the generating elements 20-1 and 2Z0-Z is egual or
more than a certain value.
Also, the backflow prevention function of the
15 backflow prevention circuit 36 may be contrclled to be
terminated when the electric power supply i1s limited by
the current/voltage limit circuits 37-2 and 37-3.
[gz04]
In the configuraticn of Fig. 55, the
20 current/voltage limit circulits are dispcsed at the input
stage and the cutput stage of the electric power control
apparatus 30. The current/voltage limit circuits may be
configured to be disposed at one of the input stage and
the ocutput stage.
25 (02057
<5. Case where different types of solar batteries
are used>
Fig. 56 shows that the rate of change of a voltage
. (the open vecltage or the maximum operating peoint
30 wvoltage) with respect to illuminance varies depending on

the type of solar battery.
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<5. Case where different types of solar batteries are used> Fig. 56 shows
that the rate of change of a voltage (the open voltage or the nmaxi mum
operating point 30 voltage) with respect to illum nance vari es dependi ng on
the type of solar battery. SP262791W00 In the case of anorphous
silicon (a-Si), the rate of change of voltage with respes:teowichbum nance
is small. In the case of crystalline silicon (c-Si), the 5 rate of change
of voltage with respect to illumnance is large. [0206] Fig. 57 is
a diagramillustrating a node of connection in a case where different types
of solar 10 batteh escat&sdsSefl.amorphousl Bithkbsncasesiy solearzhattery with a
| arge rate of change of voltage and a solar battery with a small rate of
change of VOf tAGE%r €XcBARERTRI™ T M FESR9%El FoWhe AU ThRaR T tiage (the open

vol tage or §he maxi mum 15 operating point voltage) is equal to or less than
V1, the output fromthe solar battery with a |arge rate of change of

vol tage i s contradkl édet oabe of eppetalgibp shéibr DO cdHverdter, i.e., the
vol t age cony resioq:nC nint 31 V\!}fna tehewivt%l t%geeic% egual,to or nore t han V2,
the 20 out puaf i S cOntraoll ea Y9 b steppeé oW by t he  OC-'BC Converter. Wen
t he vol t ageidisghet ween V1 and V2, the output is output wthout passing

t hrough the DC-DC converter. Wen, in the above circuit configuration, the
25 vol tages“bgfoqlhe solar batteries are insufficient for charging the

storage battery, sthe respectiye.$olarhatteriesgatrensg@nnected in series.
connection in a case where different types of solar
10 batteries are used.

In this case, a solar battery with a large rate of
change of voltage and a sclar battery with a small rate
of change of voltage are connected in parallel.

When the voltage (the open voltage or the maximum

15 operating point veltage) is egual to or less than V1,
the output from the solar battery with a large rate of
change of voltage is controlled to be stepped up by the
DC-DC converter, i.e., the voltage conversion unit 31.

When the wvoltage is egqual to or more than V2, the

20  output is ceontrolled to be stepped dewn by the DC-DC
converter. When the voltage is between V1 and V2, the
output is cutput without passing through the DC-DC
converter.,

When, in the above circuilt configuration, the

25 voltages of the soclar batteries are insufficient for
charging the storage battery, the respective soclar
batteries are connected in series.
rgzo7]

According to the electric power feeding system of

30 the present embodiment, the electricity stcrage element

(battery) 40, i.e., the secondary battery, can be
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[ 0207]

present enbodi nent, the electricity storage elenent (battery) 40, i.e.

According to the electric power feeding systemof 30 the

secondary battery, can be SP262791WO00 charged (or caused to store

electricity) fromthe generating el enents 20-1(SCl) and 20-1(SC2),

sol ar batteri es,

i ndirect

Particul arly,
as the sol ar

light,

, the

such as

not just under sunlight but also in tée shadescor under
or other everyday environnents, such as in a bright room

t he maxi num operati ng point of the generating el enents,
batteries, can be controlled to be maintained, so that

el ectric powedrd«£sS ganabeeaveb d@@brel@[lm&]lcmy) frdhecps ocess steps
described with reference to the enbodi nent of the resent i nvention nmay be
vi ened as aSPHGd N ELGAERGS a%Set | Tl lofethé lstd§§ 2! The 't otess st eps

al so be vi eyed, as,.4 R ‘2%9”}18‘&”38@@5&{&@ s%%l%%HPUBSE éPsc?XlerFLEh% a series

of the steps,

or a recording nediumstoring thé program As such a

such

nay

recordi ng nedhdem car @@d@@onrpactecﬁism)ghta MD EMheic Brscydaw DVD (Digital
Versati | £ D| sc

t he Ilke

may T

a_ Bl D sc (registered trademark),

R a0 e AR o A SE o 008] 108 act I e mones

or

f eedi ng systen12@akxlaﬁiér£?nefﬁ@|m&kﬁau&nepbr8513@E$@§ﬁi|df[xm@er cont rol
appar atus 31Vol tage conversi on unit

10

ib

20

25

30

genar
contr
can b

[0208

embod
metho
steps
compu
recor

recor

a DVD

Disc

ating elements, such as the solar batteries, can be

olled to be maintained, so that electric power loss

e avoided.

]

The process steps described with reference to the

iment of the present invention may be viewed as a

d including a series of the steps. The process

may alsc be viewed as a program for causing a

ter to execute a serlies of the steps, or a

ding medium storing the program. As such a

ding medium, a CD (Compact Disc), a MD (Mini Disc),
{(Digital Versatile Disc), a memory card, a Blu-ray

(registered trademark), or the like may be used.

REFERENCE SIGNS LIST

[0209
10
20-1,
30
31
32
unit}
33
34
35

]

Electric power feeding system
20-1 Generating element
Electric power contrcl apparatus
Veltage conversion unit

Power switch circuilt (Electric power path switch

Characteristics measurement circuilt

First control unit

Second control unit
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32Power switch circuit (Electric power path switch unit) 33Characteristics
measurenent circuit 30 34First control unit 35Second control wunit
5P262791W00 36Backfl ow prevention circuit 37Current/voltage limt circuit
38Start-up circuit 40El ectricity storage el ement SP262791W00 CLAIMS 1
An el ectric power control apparatus conprising: an el eex742093oWer pat h
switch unit configured to 5 be connectable with a plurality of generating
el enents; and a voltage conversion unit configured to convert a

vol tage | evel which is generated by the generating el ements and supplied
via the el egtric ppawgiopathegantobn circuit

37 Current/voltage limit circuit
38 Start-up circuit
40 Electricity storage element
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10uni t, wherein the electric power path switch unit includes:

a first connection switching function which swtches between series
connection and parallel 15 connection for the plurality of generating

el ements; and a second connection switching function which swtches
bet ween connected and non-connected to an input side cfPa8e N@IPPAge
conversion unit for the generating elenents connected in series or
parallel. 20 2. The electric power control apparatus according to claiml,
wherein the electric power path connection unit is configured to, when

out put voltages of the generating 25L2I¥sents are in a first voltage range,
connect the plurality of generating elenents in parallel by the first
connection switching function, and perform connection switching to a
non- connected st ane cshycthéc seoond cannect kppasutt €hisrgefiictg:on such 30

that the voltage Level of any of the output voltages of the plurality of
generating el enerif’s 5F&°pbtCe ﬁW%WﬁﬁﬁjbfW&§9§6?793V@@ﬁé%qﬁfﬁﬂﬂﬁpage

conversison widsnnedcable &kegts iy poyer:cont Leheappanat dse@aear,ding to
claiml1 or 2, 5wherein the electric power path connection unit is
configured 2@ when the output voltages of the generating elenents are in a

second vol tage r ”Qf%’ltgggn%ﬁvé&eio‘}l urald £yt g?@&r@éié&&w‘?‘é&”%ms in
paral l el by the first connectlion smntéhlng Fiind Ion, an
voltage level which is generated by the generating
elements and supplied via the electric power path switch
10 unit,
wherein the electric power path switch unit
includes:
a first connection switching function which
switches between series connection and parallel
15 connection for the plurality of generating elements; and
a second connection switching function which
switches betwesn connected and non-connected tc an input
side of the voltage conversion unit for the generating
elements connected in series or parallel.
20
2. The electric power control apparatus according to
claim 1,
wherein the electric power path connection unit is
configured teo, when cutput voltages of the generating
25 elements are in a first voltage range, connect the
plurality of generating elements in parallel by the
first connection switching function, and
perform connection switching to a non-connected
state by the second connection switching function such
30 that the voitage level of any ¢f the output veltages of

the plurality of generating elements is not converted by
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10perform the connection switching to a connected state by the second
connection switching function such that the voltage |evel of a final-stage
out put voltage of the plurality of generating elenents is converted by the
vol tage conversion unit. 15 4. The electric power control apparatus
according to any one of clains 1 to 3, wher ei n IHBSH281S8ECHOLC power
path connection unit is configured to, when the output voltages of the 20
generating elenents are in a third voltage range, connect the plurality of
generating elenents in series by the first connection sw tching function,
and tper fvarlmagennecteoniewidrchi.ng to a non-connected state by the
second connection switching function such 25 that the voltage | evel of any
of the output voltages of the plurality of generating elenments is not

converted by, therwel tage: c0AESsd O dMtirlbl apparabus Thecal@ely ite power
control apparatus according to 30 any one of clains 1 to 4, wherein the

electric deéﬂﬂpéthcémnectlon unit is SP262791W00 conflgured to, when
the output voltages. of .! e, PNAIALING LLEMBALA BbenddtAd aifilh swol tage

range, connect the plura gene ating elements 1n series by the first

connection emmﬁudmr@@,tunCWhem tmﬂubdﬁyatf@mdtegaaecflUMesvmt(:hlng to a

non- connect ed state by .t he econd connectlog_ mggchln function such that
RES

the vol t agf &I~ 10F 5 FI'REFS stage bt put- 9 1HE¥Plurality of

gener ati ng @B $HeS peapyer t ed by drhe atohtage-80Aver si gk niiite1 10 6. The
el ectric power control apparatus according to claimb5, wherein the
first voltage Tende iss RPGRRFL idars e dedord sl Page®®ange, the second

vol tagg orange 'Stp@'r%% than.dhe thigd voktagesrangg. capddhe third voltage

range i s higher than the fourth voltage range.” 7. The electric power
control apparetaudvadcter dengnd ocame onerofswiltanfsg lftoc®ion such

that the voltage level of a final-stage output voltage
of the plurality of generating elements 1s converted by
the wveoltage conversion unit.
15
4. The electric power control apparatus according to
any one of claims 1 to 3,
wherein the electric power path connection unit is
configured to, when the output veltages of the
20 generating elements are in a third voltage range,
connect the plurality of generating elements in series
by the first connection switching function, and
perform connection switching to a non-connected
state by the second cennection switching function such
25 that the voltage level of any of the output wvoltages of
the plurality of generating elements is not converted by

the voltage conversion unit.
5. The electric power contrcl apparatus according to

30 any one of claims 1 to 4,

wherein the electric power path connecticn unit is
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20wherein the electric power path connection unit

is configured to, when

t he output voltages of the generating elenents are in a fifth voltage

range, connect the plurality of generating elenents in parallel

first connection switching function, and 25perform connecti on sw
a connected state by the second connection sw tching fgg; j h that the
vol tage | evel of a final-stage output voltage of the plﬂé%#%@ﬁ%ﬁ

generating elenents is converted by the voltage conversion unit.
el ectric power control apparatus according to $9262791W00 claim 7,
mherelntrm%gﬂgfqlvgf%agewhggg |§3 i Q§Rrﬁggnetheff££gt vol t age

first voltage réhég |sohig

&

er a e segbnggvgl€age range, the

by the

tching to

30 8. The

range, the
second

vol t age rangendrdts i ghemehbanatdeird i rabuwalit agetraageanand the third
vol tage range is h%gger than the fourth voltage range., 9. The el
u

power cont rotEsFar

ectric

S1HEabHBY i tBETP ORe 6f SBPAFREIR I ES conpri si ng:

10a controlppnide Ganfi-gunedeto: perdprdpVRRT cantrgh, byngw tching an
el ectric power path of the electric power path switch unit such that a
maxi mums3el ect ri c pgeweEmoperad hgppaivwittcofingheogenepat ¢l @rent s i s

tracked.

of clains 1?%

a contro con

MPPT cont r othdm ke wakbageleoavesSiOrfinit-ssugh thapua wekianem

10

20

25

30

of the plurality of generating elements is converted by

the voltage conversion unit.

6. The electric power control apparatus according to
claim 5,

wherein the first voltage range is higher than the
second voltage range, the second voltage range is higher
than the third voltage range, and the third voltage

range 1s higher than the fourth voltage range.

7. The electric power contrel apparatus acccerding to
any one of claims 1 to 6,

wherein the electric power path connecticn unit is
cenfigured te, when the cutput voltages of the
generating elements are in a fifth voltage range,
connect the plurality of generating elements in parallel
by the first connection switching function, and

perform connecticn switching to a connected state
by the second connection switching function such that
the voltage level of a final-stage cutput voltage of the
plurality of generating elements is converted by the

voltage conversion unit.

g. The electric power control apparatus according to

11%

15 a%%bﬁgh%h%'%%EEkg Eéﬁﬁgcé¥HH'é%it%ﬁ&%ﬁ?%Héc@fggréﬂc to any one
0 9, “conprising: uni igured to perform



20 el ectric power operating point of the generating elenments is tracked in
t he vol tage conversion unit upon selection of an electric power path

i ncluding the voltage conversion unit and when a circuit is operated in the
selected electric power path. 25 11. The electric power control apparatus
according to claim9 or 10, conprising a characteri stig¢sgreasynesent
circuit configured to neasure output characteristics of the plurality of
generating el enents, 30wherein the control unit is configured to perform
switching control of the electric power path of the SP262791WO00 el ectric
power path smist.ch unit in accordance with a neasurenent result fromthe
characteristics neasurenent circuit. 5 12. The el ectric power contro
appar at us accor dhgresn ctiag ¥ 1ith \WedtegR rABIEha? actEristings MBasur enent

circuit includes ti f ring t-gCi ' urrent and an
open voltad%H%%'Fﬁéggpﬁrggﬁ?§’o eggﬁékgtfgé§§?%n%%%i§u%%*%#%“ﬁn t he
control unithaperther secbhe switadd ngynoeonthel sefottievel wota irangewer pat h of

the electric paower path switch unit Ry determnin he el ectrjc power path
in acco%daﬁﬁ%eﬁﬁﬁﬁrth a@h%&?-gﬁ%% i dPPent 8 d %ﬁ% @E%ﬁ’ ol t age
obt ai ned by;diheqeharagter L sthigse Measty enmentogkEgULbicdd ThewRl.ectric power

control apparatus according to claim 12, 20wherein the control unit is
configured to

S. The electric power control apparatus according to
any one c¢f claims 1 to B8, comprising:

10 a control unit configured to perform MPPT control
by switching an electric power path of the electric
power path switch unit such that a maximum electric
power operating point 0f the generating elements 1is
tracked,

15
1C. The electric power control apparatus according to
any one of claims 1 to 9, comprising:

a control unit configured to perform MPPT ccontrol
in the veltage conversion unit such that a maximum

20 electric power operating point of the generating
elements 1s tracked in the voltage conversion unit upon
selection of an electric power path including the
voltage conversion unit and when a circuit is operated

in the selected electric power path.

25
11. The electric power control apparatus according to
claim 9 or 10, comprising a characteristics measurement
circuit configured to measure output characteristics of
the plurality of generating elements,

30 wherein the contrel unit is configured to perform

switching control of the electric power path of the
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determ ne whether the plurality of generating elenments are in a generating
operation state on the basis of the short-circuit current obtained by the
characteristics neasurenent circuit, and 25performthe switching control of
the electric power path of the electric power path switch unit by
determining the electric power path by determn ning an TFEZALILHA08t at e on
the basis of the open voltage. 30 14. The el ectric power control apparatus
according to any one of clains 11 to 13, SP262791W00 wherein the
characteristics nmeasurement circuit is configured to, upon selection of the
el ectri c posercipatchricrekudienly $hetslolutrddge icoaversdancaiittiand when a

circuit is operated in_the selected el ectri ower path erfarm
cur r ent - vol T S0 ﬁ%ﬁgﬁfeﬁﬁ?ﬁ #hﬁ é%%%aﬁgﬁglggﬁ? ol 4Bt T44Cki ng t he
maxi num el e€ixd.G spower operating point of the generating elenents in the

vol tage conversion unit, and the control unit is configured to
performthe MPPT 10 control in the voltage conversion unit on the basis of

a |-V nmeasujenentypresubl,y 15. A &l eChfi ¢ 1 powes - cont ol - iefihod cconpri si ng:
when output voltages of a plurality of generating 15 elenments are in a
first volt ageimaride, wherein connecting the plurality of generating el enents
in parallel by atkgr%b congggiégﬂx§mjtching function andjgg&ko%ning

. : arac easur nt, circult 1n .
connection swtchi ng O a non- conne(I:Tf e& sfea?e by a seconcf: connecti on

swi t chi ng fanetiiom suche28uthay & voldwgearkevel cofrany aodd tdie out put
vol t ages of the pIuraIit¥ of generating elenents i s nof converted by a

vol t age conVR¥sieh “@Art °TwheR PherdutpltcivarPsgesio? theysmer ating
10 and

the control unit performs the switching control of
the elesctric power path of the electric power path
switch unit by determining the electric power path in
accordance with the short-circuit current and the open
15 voltage obtained by the characteristics measurement

circuit.

13. The electric power control apparatus according to
claim 12,

20 wherein the control unit is configured to
determine whether the plurality of generating elements
are in a generating operaticn state on the basis of the
short-circuit current cobtained by the characteristics
measurement circuit, and

25 perform the switching contreol cf the electric
power path of the elesctric power path switch unit by
determining the electric power path by determining an

operation state on the basis of the open voltage.

30 14, The electric power control apparatus acccerding to

any one cof claims 11 to 13,
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el enents are in a second voltage range |lower than the 25first voltage
range, connecting the plurality of generating elenments in parallel
by the first connection swi tching function, and perform ng the
connection switching to a connected state by the second connection
switching function such 30 that the voltage |evel of agfjnalsgiage out put
voltage of the plurality of generating elenents is converteérby
SP262791W)00 t he voltage conversion unit; and when the output voltages of
the generating elements are in a third voltage range | ower than the second

vol tage range, Sconnechi ng.t e, pluralidy; of m%%%ﬁ&éﬁx!éﬁ‘@ elemenisdn series

by the first connection switching function, an performng the
connecti on swithirgg tte,t hecnope tonnewt edt sthat elbytrhe seewndaddnnecti on
sw t chi ng func%ign Sqﬁp thﬁ% the_vol tage |evel of ,any of the 10 output
vol t ages of “the prifr alit y Cof *§eneralThg B &fernt §°Fs"AGE 2onvertsd by the
vol t age conyverspraisd tin t6eTheletesd rdl-qiovuer peadtr phtRpthodraecording to
clai m15, conprising, when the output voltages of the 15 generating

el enent s ar 8*F R TGUER o LT Ay MR afigeetOter-Fharet HBFT hf PR30 t age range:

connecting the plamalit yref ngenerating.elenents i posest esqhy4he first
connection swi tching function; and performng the connection swtching to

t he non- 20cfofrecicedrstatne byerbetsecordiecoviéeticonoswktehimg functi on
such that the. voltage |evel of the final-stage output voltage of the

. nit, and’. . .
plurality of geherating elements is converted by the vol tage conversion
unit. 25 17. The drectkbherpdwesii€oid raindeihed accoedfsigntithe MPPT

10 control in the voltage conversion unit on the basis cf a

I-V measurement result.

15. An electric power control method comprising:
when output voltages of a plurality of generating
15 elements are in a first wvoltage range,
connecting the plurality of generating elements in
parallel by a first connection swiitching function, and
performing connection switching to a non-connected
state by a seccnd connection switching function such
20 that a voltage level of any of the ocutput voltages of
the plurality of generating elements is not converted by
a voltage conversion unit;
when the output voltages of the generating
elements are in a second voltage range lcower tThan the
25 first voltage range,
connecting the plurality of generating elements in
parallel by the first connection switching function, and
performing the connection switching to a connected
state by the second connection switching function such
30 that the voltage level of a final-stage output voltage

of the plurality cof generating elements is converted by

i14



claim15 or 16, conprising, when the output voltages of the generating
elenments are in a fifth voltage range higher than the first vol tage range:
connecting the plurality of generating elenments in 30 parallel by the first
connection switching function; and perform ng the connection switching to
the SP262791W00 connected state by the second connecisaae7swwbohi ng
function such that the voltage | evel of the final-stage output voltage of
the plurality of generating elenments is converted by the voltage conversion
unit. 5 18. An electric power feeding systemconprising: a plurality of
gener ati ng etenesittsiceorbhgar edot oargeneraatde el ectric power; and an
el ectric power control apparatus configured to 10 supply the electric power

from the generat "G elFBRentsPto WY GHFsicde e gener %in the electric

power controle.appar atdsihnel #desy voltage rdaRgel e6kEl Crpoyerndath switch
unit configured to 15 be connectable with the plurality of generating

el ements, ampfond voltgogokemger conversion unit configured to convert a

vol t age .| evel which i e t. nerating. el e nd_suppl i ed
Vi a the5electricCﬁ%ﬁggtgggh{@%ﬁg%ﬁ¥iﬂgﬁ?%% Seggkggﬁﬁ%fgﬁﬁ&ﬁﬁ% g ectric
power path swtitech bynithei fickgdescnnectiom shiitshicgnfiect t oo swirtdchi ng
function which sw tches between series connectjon or parallel 25 connection

for the pluralitye5fo58ne? at Phd BIGRENS, SHAECTI1Y 0 A connecti on

swi t chi ng functd aamiceResw, t ehess hesweenncenneshed, anegh non- connected to an
i nput side of the voltage conversion unit for the generating el ements

connect ed i frsEriass soehpabar| ehe BolEme Asvelleefr oY polvet ontrol appar at us
Conprlﬁbng:out§ut voltages of the plurality of generating elements

is not converted by the voltage conversion unit.

i6. The electric power control method according to
claim 15, comprising, when the output vocltages of the
15 generating elements are in a fourth voltage range lower
than the third veltage range:
connecting the plurality of generating elements in
series by the first connection switching function; and
performing the connection switching to the non-
20 ceonnected state by the second connection switching
function such that the voltage level of the final-stage
output voltage of the plurality of generating elements

is converted by the veltage conversion unit.

25 17. The electric power control method according to
claim 15 or 16, comprising, when the output voltages of
the generating elements are in a f£ifth voltage range
higher than the first voltage range:

connecting the plurality cf generating elements in
30 parallel by the first connection switching function; and

performing the connection switching to the
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S2262791W00 an el ectric power path switch unit configured to be
connectable with a plurality of generating elenents and including a
function of switching between series connection and parallel connection for
the plurality of 5 generating elenents; a characteristics measurenent
circuit configured to nmeasure output characteristics ofptddresplupal ity of
generating elenents; and a control unit configured to performswtching 10
control of an electric power path of the electric power path switch unit in
accordance with a neasurenent result fromthe characteristics neasurenent

circuit.  conne?QedTRRaebestrike pAWRINLORHRLt@BRALRL UShAkEording to 15
claim19, wherein the characteristics neasurenent circuit includes a

functi on offuredsivn kgch shektths reuitacsudesst afdthn bpenl vdlagsge of the
plurality of er.ati. ele ; oL, unit, i nfigured to
perforn1théx§:%gtﬁ?ﬁégggn?Fgﬁg%?p%é¥§¥§ﬁ8£?§iggg%%e#l% t%&%ﬁg%‘%e el ectric
power path swdetveunield by detereitigry ddwereglséetr ioipower path in accordance
W th thg short-circuit current and the open voltage obtained by the 25
characteristics nmeasurenment circuit. 21. The electric power control

apparatus acgor digRgctiocelak mathr eIy theteantsb-unidqd s configured to
30 determ ne whether the plurality of generating elenents are in a
gener ating oper ati ®&austat ey oi' tIRFadiig Jof LEREN T SOPEPTFWBFT0 t°

generate electric power; and
an electric power contrel apparatus configured to
10 supply the electric power from the generating elements
to a load side,
wherein the electric power control apparatus
includes
an electric power path switch unit ceonfigured to
15 be connectable with the plurality of generating
elements, and
a voltage conversion unit configured to convert a
voltage level which is generated by the generating
elements and supplied via the electric power path switch
20 unit,
wherein the electric power path switch unit
includes
a first connection switching function which
switches between series connection or parallel
25 connection for the plurality of generating elements, and
a second connection switching function which
switches between connected and non-connected Lo an input
side of the wvoltage conversion unit for the generating
elements connected in series or parallel.
30

19, An electric power ccontrcel apparatus comprising:
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short-circuit current obtained by the characteristics neasurenent circuit,
and performthe switching control of the electric power path of the

el ectric power path switch unit by 5 determning the electric power path by
determ ning an operation state on the basis of the open voltage. 22. The
el ectric power control apparatus according to any one ©fs«la1mot9 to 21,
10wherein the control unit includes a function which perforns MPPT control
by switching the electric power path of the electric power path switch unit
such that a maxi mum el ectric power operating point of the generating

elenents is trackede115tr23. pdhier 61061 IshG tROVWEH 1 €0REK £l uapar:at us accordi ng
to any one of clains 19 to 22, conprising a voltage conversion unit

confi gured ®d TVOWREETELASvEltage PevEtl i ¢ i9SngEnEraE et B tRe generating
el enent s an&fqr@mﬂﬂngd aVEén&ﬁfor?!@ftsuict_o@ﬁw pRalb. sl ch. uni t,

wherein the electric power path switch unit 1S configured to be connectable
with the plwralddnicof agenerati hgl etemettts candoirnthadesusaIirstoftonnecti on

smﬁtchiqg functiqp mhiﬁh sm%tghes bet ween series 25 connection and parall el
connect i‘on ¥t the ¥l Graf'tty®6f generating el ements, and a second

connection sw tchi rgafuneti0f: W GleSWireles thecgenesatfingenent s
connected to an input side of the voltage conversion unjt, 30the
char act eri st? cafdgsurerert EFrERFIST S CGH iPddui-éd PoupRtiof ME upon

sel ection of.the .electhig.,58262/91W00 power path including the voltage
conversion unit anélmhen acircuit is operated in the selected electric

power path, currentongkbtagentt-aniteasiecerentef§priVPPIitching
10 control of an electric power path of the electric power
path switch unit in accordance with a measurement result

from the characteristics measurement circuit.

20. The electric power control apparatus according to
15 claim 19,
wherein the characteristics measurement circuit
includes a functicon of measuring a short-circuit current
and an open voltags of the plurality of generating
elements, and
20 the contrel unit is configured to perform the
switching control of the electric powser path of the
electric power path switch unit by determining the
electric power path in accordance with the short-circuit
current and the open voltage obtained by the

25 characteristics measurement clircult.

21. The electric power control apparatus according to
claim 20,
wherein the control unit is configured to
30 determine whether the plurality of generating elements

are in a generating operation state on the basis of the
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control such that a maximum el ectric power operating 5 point of the
generating elenents is tracked in the voltage conversion unit, and

the control unit is configured to performthe MPPT control in the voltage
conversion unit on the basis of a I-V neasurenent result. 10 24. The

el ectric power control apparatus according to any one of;@Glahsd9 to 23,
wherein the control unit is configured to neasure a current at a voltage on
a load side at the tine of 15 series connection and a current at a voltage
on the load side at the tinme of parallel connection, and select the

el ectric power dJatihw:th-pigber &€ptldC HROWRE. charactdd:sthhe el ectric
power control apparatus according to 20 any one of clains 19 to 24,

wher ei n t heneslsarraoeati stresimeastd enent circuit includes a capacitor
connected to an glectrc power; supply Line of the, generating el enents, and
i's configured to measure | 2/ char dcteristics by ‘measuring a 25 charging
vol t age to gdwercapati bar tAt €ks&datit tdoweri peehvalstch 26ni<They el ectric power
control apparat us accordinglto any one of clajinms 19 to 24, 30wherein the

char act er i 45 EEEa8dr ERENELEFT tPIERE] BGES: PYSP2BFEHMED 2 a
capaci tor connested cenfigukedhd o an Llecthicopewesosupply |ine of the

generating elenents; a variable voltage source; a conpar at or
configured to conpare a voltage of 5 the electric power supply line with a

vol tage Of:khe V%Rgaghgcyglé%&%ﬁgp%k%%%ol apparatus according to

any one of claims 19 to 21,

i0 wherein the control unit includes a function which
performs MPPT control by switching the electric power
path of the electric power path switch unit such that a
maximum electric power coperating point cf the generating
elements 1s tracked.

15
23, The electric power control apparatus according to
any one of claims 19 to 22, comprising a voltage
conversion unit configured to convert a voltage level
which is generated by the generating elements and

20  supplied via the electric power path switch unit,

wherein the electric power path switch unit is

configured to be connectable with the plurality of
generating elements and includes a first connection
switching function which switches between series

25 connection and parallel connecticn for the plurality of
generating elements, and a second connection switching
function which switches the generating elements
connected to an input side of the voltage conversion
unit,

30 the characteristics measurement circuit is

configured to perform, upon selection of the electric
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a counter configured to count the tine for a variable voltage to be higher
than the voltage of the electric power supply line; and 10a controller
configured to determ ne a current value on the basis of a conplenentary

vol tage and a count val ue obtained by a voltage increase by AV. 27.The

el ectric power control apparatus according to 15any onexaf>7ehacas 19 to 24,
wherein the characteristics nmeasurenent circuit includes a resistor
connected to the electric power supply line of the generating elenents. 20
28. The electric power control apparatus according to any one of clains 19

to 24, powd @@ s hRe,ghas agt eriitd-cs PRasULeMBAt ugli¥ Cld 1 ncludes:
a swtch connected to the electric power supply 25 line of the generating
el enent and¢ieinfd gureditolpecray et om ¢heofklhgtadceont?oiisignal ; and a

resistor ¢ o] Lt . el.ectri i system
conprisinggﬁgggiggﬁ%élﬁggr% g%%%?%%?ﬁg ghe%%ﬁfgrggﬁg%géfiﬂh?%1generate
el ectric powertrcdnducBP2627 94 WDEimum elecamiel powet copomerirgont r ol

appar at ys configured, Lo supply, the el ectric_power, fom the, generating

voeltage conversicn unit, and
the control unit is configured to perform the MPPT
control in the veltage conversion unit on the basis cof a
I-V mezsurement result.
10
24. The electric power control apparatus according tc
any one cf claims 19 to 23,
wherein the contrel unit is configured to measure
a current at a voltage on a load side at the time of
i5 sefies connection and a current at a veltage on the load
gside at the time of parallel connection, and select the

electric power path with higher electric power.

25, Tre electric power control apparatus according to
20 any one of claims 19 to 24,
wherein the characteristics measurement circuit
includes a capacitor connected to an electric power
supply line of the generating elements, and 1s
configured to measure I-V characteristics by measuring a
25 ¢harging voltage to the capacitor at certain time

intervals.

26. The electric power control apparatus accerding to
any one of claims 19 to 24,
30 wherein the characteristics measurement circuit

includes:



wherein the el ectric power control apparatus 5 includes: an electric
power path switch unit configured to be connectable with the plurality of
generating el enents and including a function which switches between series
connection and parallel connection for the plurality of 10 generating

el ements; a characteristics measurenment circuit configureshtawmeasure

out put characteristics of the plurality of generating elenents; and a
control unit configured to performswtching 15 control of an electric
power path of the electric power path switch unit in accordance with a
measur enent resuld dapaaitbe charectef iSinfAguredsubesenéiedtciid t. 30. An

el ectric power control apparatus conprising: 20a voltage conversion unit

confi gured PO"RonvEiHtl Ya lvoPt AgetPevet i it §168R8rafed by at | east one

generating el ement ;-a:charagterissi £, masurenent circuit configured
to measure output characteristics of the generating 25 el enment; and

a control unit conficgpredtto perforwiVEED conProb &ovoitagkialg a maxi mum

el ectric. powner er.at.in gint_of - the generatin lLenent .in the voltage
conversﬁ%n gﬁ?t@|%ﬂﬁgébgagﬁgesﬁf?ﬁyafﬁeagﬁﬁghgngoigggftOFr%#ﬁthe 30

char act eri steatsaeasSwiengnt seuredit, wherein the voltage conversion unit is
configured SP262791WO00 to conpare _a variable reference voltage with the

vol tage | evel gerferat84 by “Phe! §enet at iy “efemBfit “8Rd” perd or m chargi ng or
di schar gi ngyspcly, thatstthemaxi pum, ehect rir power vaperati pg poi nt of the
generating element is 5 tracked in accordance with a conparison result, and
electric power supply line; and
i0 a controller cenfigured to determine a current

value on the basis of a complementary veltage and a

count value obtained by a voltage increase by AV.

27. The electric power control apparatus according to
15 any one of claims 19 to 24,
wherein the characteristics measurement circuit
includes a resistcr connected to the electric power

supply line of the generating elements.

20 28, The electric power control apparatus according to
any one of claims 19 to Z4,
wherein the characteristics measurement circuit
includes:
a switch connected to the electric power supply
25 line cf the generating element and configured to be
turned on or off by a control signal; and

a resistor connected to the switch.
29, An electric power feeding system comprising:

30 a pluraliity of generating elements configured to

generate electric power; and
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the control unit is configured to performthe MPPT control for tracking the
maxi mum el ectri ¢ power operating point of the generating elenent in the
vol t age conversion unit by supplying the variable reference 10 voltage on
the basis of the neasurenent result fromthe characteristics neasurenent
circuit. 31.The electric power control apparatus accorghaapteawcbai m 30,
15wherein the characteristics nmeasurenent circuit includes a function of
measuring a short-circuit current and an open voltage of the plurality of
generating elements, and the control unit is configured to determ ne the 20
reference vol t agesrd rlaceot dapnces W ddnidre shebtaei:kctibd £ ourrent-cand t he open
vol tage obtained by the characteristics nmeasurenent circuit, and supply the
ref erence vOFRRge e EHECVSEE R TonvVerSi oI GAPEIED5RB 22 T Bi%ctric power
control appgsaf us,aceandi ng to claim 31, wherein the voltage conversion
unit includes: an inductor connected to an electric power supply |ine of

t he generating eldwstiy; tApndelectric powey sehtehletmpemtuonfigured to
perfornggha{ﬁg or. 30 di scharging of energy in the inductor in accordance
with a result of conparison of an input voltage fromthe SP262791W00

el ectric power suppleyckinecapewéhepatef endnce veoktagenfanded to  wherein

the control_unit incl ges a fuggtio mhgfh cQanges the reference voltage in
accor dance 9&t?9%??9ﬁ%é §sB1br UeTrRade oftYa SSwPERRT AG 1Y €qUBHEY Sof t he
switch el enend . i 3308 EhEELAL €1 POWRL i CONLSi @l-hBRPBE Bl &ksn accordi ng to any
one of clainms 30 to 32, conprising: 10a plurality of generating el enents;
and connection and parallel connecticn for the plurality of
10  generating elements;
a characteristics measurement cilrcult configured
to measure output characteristics of the plurality of
generating elements; and
a control unit configured to perform switching
15  control of an electric power path of the electric power

path switch unit in accordance with a measurement result

from the characteristics measurement dircuit.

30. An electric power control apparatus comprising:

20 a voltage conversion unit configured to convert a
voltage level which is generated by at least one
generating element;

a characteristics measurement circuit configured
to measure output characteristics of the generating

25 element; and 7

a control unit configured to perform MPPT control
for tracking a maximum electric power operating point of
the generating element in the voltage conversion unit in
accordance with a measurement result from the

30 characteristics measurement cilrcuit,

wherein the vcltage conversion unit is configured
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an electric power path swtch unit configured to be connectable with the
plurality of generating elenents and including a function which sw tches
the generating el ements connected to an i nput side of the voltage 15
conversion unit, wherein the characteristics r ircuit

i ncludes a function of neasuring output characterist?%%éggggﬁggg urality of
generating elenents, and the control unit is configured to perform 20
switching control of the electric power path of the electric power path

switch unit_in accordance vw}:t)Pe a freasur erren5rﬁr esul t I1;_rt%m t heital

char act eri st ¢§ WeaSufeent ¢it cuit.” 25 347 %g%I%%%rlcéiéﬁbr dontro

appar at us aesendigaget-@tetabyn iy generatinheeebnetbhe e ctdrfeofpower path
switch unit is configured to be connectable with the plurality of

gener at i ng GIERERCs Cant: PRLFTRIEY &Y SteCohRBcTRHMED SWIEHiSng function

whi ch swit ches. between;serigsycumeactl ernandr-pasallgleconnection for the
plurality of SP262791W00 generating €l enents, and a second connecti on

swi t chi hg fumctkiedn iwhichosvkteches the generat Fag et BNt Snconnected to the
| nput side of th%h‘éo'c%%g)?ofoxgﬁ’&r%s?%ogg'i&méd 83 p &, 6l ‘%%tgr(&;a phover

[
control apparatus according to cla erein t aracteristics
measur enentcithei tfornekBdesn@ frnetzixamuef efreasut ¢ ngowershort-circui t

current 10 and an open voltage of the pLuraIité of generating el enments, and

the contr ol°RFRPE P8 BBARF gtif et FPErforaft RESEHRt cht g ToMtr6PSof t he

telhectri C Pkl Ratinofint hepel 8eidic Rower pathasvd tedednidcLy determining
e
10 wvoltage on the basis of the measurement result from the

characteristics measurement clrcuit,

31. The electric power control apparatus accerding to
claim 30,

15 wherein the characteristics measurement circult
includes a function c¢f measuring a short-circuit current
and an open voltage of the plurality of generating
elements, and

the control unit is configured te determine the

20 reference voltage in accordance with the short-circuit
current and the open voltage cbtained by the
characteristics measurement circuit, and supply the

reference voltage to the voltage conversion unit.

25 32, The electric power control apparatus according to
claim 31, wherein the voltage conversion unit includes:
an inductor cennected to an electric power supply
line of the generating elements; and
a switch element configured to perform charging or
30 discharging of energy in the inductor in accordance with

a result of comparison of an input voltage from the



15 electric power path in accordance with the short-circuit current and the
open vol tage obtained by the characteristics neasurenent circuit. 36. The
el ectric power control apparatus according to 20cl ai m 35, wherein
the control unit is configured to determ ne whether the plurality of
generating elenents are in a generating operation stat¥® 7@H@®Q§sis of the
short-circuit current obtained by the characteristics 25 nmeasurenent
circuit, and performthe switching control of the electric power path of
the electric power path switch unit by determning the electric power path

by det er mi ity i OpEIati GHPEL AL B 6h dhe ‘HAsITS 6F SRR BpERdfol tage. 30 37.

The el ectrig,power control apparatus according to SP262791WO00 any one of
claims 33 to 36, wherein the control unit includes a function which
perfornms MPPT comfvegleibytsei ceming tire teliactnidespowernpatdn ofhitcdhe el ectric

power path switch uﬁnit such t hat ajk5 maximim el ectric power operating point
€

8} £
of the geneﬁ%ﬁqQ%f EMENES IS tracked. ~38°°THE €r&ctrrc power contr ol

appar at us acecafddisig crodanycane of €£l=aiikhddot Gra3duciOwher eilqe t he
characteristics nmeasurenment circuit is configured to, upon selection of the
el ectric poEr-FFathSMRi&Fudi ng the vol tage conversion unit and when a
circuit is operated in the selected electric power path, perform

current-voltage (I-V) measurenment for the MPPT contr ol
33. The electric power contrel apparatus according to

any one of claims 30 to 32, comprising:
10 a plurality of generating elements; and
an electric power path switch unit configured to
be connectable with the plurality of generating elements
and including & function which switches the generating
elements connected to an input side of the voltage
15 conversion unit,
wherein the characteristics measurement circuit
includes a function of measuring output characteristics
of the plurality of generating elements, and
the control unit is configured to perform
20  switching control of the electric power path of the
electric power path switch unit in accordance with a
measurement result from the characteristics measurement

circuit.

25 34, The electric power control apparatus according to
claim 33,
wherein the electric power path switch unit is
configured tc be connectable with the plurality of
generating elements and includes a first connection
30 switching function which switches between series

connection and parallel connection for the plurality of
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15 for tracking the maxi mum el ectric power operating

poi nt of the

generating elenents in the voltage conversion unit, and t he
control unit is configured to performthe MPPT control in the voltage

conversion unit on the basis of a 20 |-V neasurenment

el ectric power control apparatus according to any one 3% &I"aLK8Y80 to 38,
wherein the voltage conversion unit includes: 25an inductor

el ectric power supply line O the generating el enent;

el enent for perform ng charging or discharging of energy in the inductor;

result. 39. The

a sw tch

conpar at or EeFEgEREdet eneoRparE Ak iSFEErI30°VerERYR: fTOM T HEel ectri ¢
power S“pplyrkkﬁ%n“%kﬁ?ﬁggw{§éﬁ%§Wﬁﬁa%&EE?%giggpg%ﬁéggég791V@00

pul se control unit con ured to turn -on

elenent so as to

di schar ge tdwewriendedt op fboe anpredetdr mifnédet vhetabenceireedsiput vol t age

exceeds the reference voltage according to a conparison result from5 the

a

connected to an

a

conparator.ugﬁi“The el ectric power control apparatus according to any one of
clains 30 to 39, wherein the characteristics neasurenent circuit 10
includes a capacitor connected to an electric power supplé line of the

gener ati ng ¥l -enefife ahdctsieordfiguredteslngaBaFatys \2

efFPstics by

nmeasuri ng Qﬂﬁﬂﬁ{gh?g voltage to the capacitor at certain tine intervals.

1541. The el ectric power control apparatus according t
wherein the characteristics measuremen

(0]
£t circuit

includes a function of measuring a shorit-circuilt current

10 and an open voltage of the plurality of gene
elements, and

the control unit is cenfigured to perf

rating

orm the

switching control cf the electric power path of the

electric power path switch unit by determini
15 electric power path in accordance with the s
current and the open voltage obtained by the

characteristics measurement circult.

36. The electric power contrcl apparatus a
20 claim 35,

wherein the control unit is configured

ng the

hort—-circult

ccording to

to

determine whether the plurality of generating elements

are in a generating operation state on the basis of the

short-circuit current obtained by the characteristics

25 measurement circuit, and

perform the switching ceontrol of the e

lectric

power path of the electric power path switch unit by

determining the electric power path by determining an

operation state on the basis of the open voltage.

30

37. The electric power control apparatus a
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any one of clains 30 to 39, wherein the characteristics neasurenent
circuit includes: a capacitor connected to an electric power
supply 20line of the generating elenent; a variable voltage source; a
conparator configured to conpare a voltage of the electric power supply
line with a voltage of the variable voltage source; 25FZGUft&P08onfi gured
to count the tinme for a variable voltage to be higher than the vol tage of
the electric power supply line; and a controller configured to determ ne a
current val ue on the basis of a conplenentary voltage and a 30 count
val ue obt ai#ied e afveleage Pacteas by AV 42. The electric power

control apparat us, accordiig L9, a0 R8O oehALIE 30c10. 8% wpicn Wherein

the characteristics neasurenment circuit inc es a resistor connected to an
el ectric powerforsUpPPY btbnerof bheswgeneériati ngeekéaentic w3erThe el ectric

power control apparatus_according to any one of clajinms 30 to 39,

Pher ci n theEHaRBatr B FCas Hesb et e Peder TOCnCrates =t & a switch
connect ed tfs:ahnel @ALELE 1 BOWEHe S Ui 3 diinde pek nkhergener adddk ghenent and
configured to be turned on or off by a control signal; and a resistor
connect ed t® 4R wilEchragked.

38. The electric power control apparatus according to
any one cof claims 33 to 37,

10 wherein the characteristics measurement circuit is
configured to, upon selecticon cof the electric power path
including the voltage conversion unit and when a circuit
is operated in the selected electric power path, perform
current-veoltage (I-V) measurement for the MPPT control

15 for tracking the maximum electric power operating point
of the generating elements in the voltage conversion
unit, and

the controel unit is configured to perform the MPPT
control in the voltage conversion unit on the basis of a

20 I-V measurement result.

39. The électric power control apparatus according to
any one of claims 30 toc 3B,
wherein the voltage conversion unit includes:
25 an inductor connected to an electric power supply
line of the generating element;
a switch element for performing charging or
discharging of energy in the inductor;
a comparator configured to compare an input
30 woltage from the electric power supply line with the

reference voltage; and
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44. An electric power feeding systemconprising: at |east one generating

el ement configured to generate electric power; and an electric
power control apparatus configured to 20 supply the electric power fromthe
generating element to a | oad side, wherein the gl r wer
control apparatus includes: a voltage conversion unitfﬁ%ﬁéﬁgﬁﬁgggto convert
a 25 voltage level generated by the generating elenent; a characteristics
measurenent circuit configured to nmeasure output characteristics of the
generating el enent; control unit configured to perform MPPT

d .
control 30 for tﬁagﬁigﬁ %P?ﬁﬁﬁ%nﬁﬁi; ECOFEVPoter © opdrati'ng Foi nt of the

generati ng glementicRehhesy 0l age CONVERGLONRHNEhdid: o SR262291W00
accordance with a neasurement result fromthe characteristics measurenent
circuit, predetggedspd thees veltade coiPeltsiVehtantteF<eeohfifured to

compare a variabled eletence,vollage wd i thepuoltage, 5l evel.generated by

t he generating el enent, pertorm®hargi ng or discharging such that the
maxi numsel ectd iconpewercoper ati ng poi nt of the generating elenents is
tracked in accordance with a conparison result, and the control unit is
configured to performthe MPPT 10 control for tracking the maxi mumelectric

power operatdng pokntiet:ihe genar aldngoel eppatatifs the-omalimgecconver si on
unit by supplying the variable reference voltage on the basis of the
nmeasur ementéresile ofr 6arihe tharact®eristics neasurement circuit. 15 45. An

el ectric power contral,apparalus, GUMIL:SER0reasureme@) &l2GLR C pover path
switch unit configured to be connectable with a plurality of generating

el enentld anthdinglagdiangapatihet i omiwiicdd $wi Bchesebetrweerrwar i es 20
connection and parallel _connection for the plurality.of generating
d
el ement s: éﬁgﬁﬁgrllne of Qhe generating e emgn%, an& is céhgkgure
to measure I-V characteristics by measuring a charging

veoltage to the capacitor at certain time intervals.

15 41. The electric power control apparatus according to
any cone of c¢laims 30 to 38,

wherein the characteristics measurement circuilt
includes:

a capacitor connected to an electric power supply

20 line of the generating element;

a variable voltage source;

a comparator configured to compare a voltage of
the electric power supply line with a voltage cf the
variable voltage source;

25 a counter ceonfigured to count the time for a
variable voltage to be higher than the voltage of the
electric power supply line; and

a contrcller configured to determine a current
value on the basis of a complementary voltage and a

30 count value obtained by & voltage increase by AV.
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a backfl ow prevention circuit disposed in an electric power supply line for
suppl ying output electric power fromthe electric power path switch unit to
a 25 load, and including a function which prevents backflow froma | oad
side when a potential of the |load side is higher than ng | of the

el ectric power supply line. 30 46. The el ectric power é%ﬁ%?g%lgﬁgératus
according to claim45, conprising a control unit configured to

5P262791W00 term nate the backfl ow prevention function of the backfl ow

prevention CIrCUI mh n the electric power path switch unjt has been
Swi t ohed t 6 drar alfP8 SCBRBET (HSHe™ “P7 e BPRLIT HE W%&ﬁt appar at us

accordi ng toclaeMAS-0Ri4S, 3€0Prisi ng a vol tage conversion un|t
configured to convert a voltage | evel generated by the generating el enents

and suppl i ed V|awbﬁéeéﬂeﬁﬁﬁ|Qﬁ%ﬁﬁHQEfﬁéFhC§mﬁ?%ﬁu{ﬁﬁ%nt TOWSEL&Ei n the
el ectric paver path a?‘é"eEQ%‘té’P'éor{r?e 't%“éﬁdeié’ pe; conpectable with the

plurality of generating el enents an incl udes a first ‘connection swi tching
functi oA whiwlplswiltickesfbehsvermesertiiesy edrnecti on and paral |l el connection

for the plurality of 15 generating elenents, and a second connection

swi tching function which switches the generating el enents connected to an

i nput side of. thensokt ager COMEISH Abrithich . aBPa A8: Thex@lBetifice cpower contr ol
apparatus according to_any one of clains 45 to 47, conprising:
any one of claims 30 to 39,
wherein the characteristics measurement circuit
10  includes:

a switch connected to an electric power supply
line of the generating element and configured to be
turned on or off by a contrcol signal; and

a resistor connected to the swiztch.

15
44, An electric power feeding system comprising:

at least one generating element configured to
generate electric power; and

an electric power control apparatus configured to

20 supply the electric power from the generating element to
a load side,

wherein the electric power control apparatus
includes:

a voltage conversion unit configured to convert a

25 voltage level generated by the generating element;

a characteristics measurement circuit configured
to measure output characteristics of the generating
element; and

a control unit configured to perform MPPT control

30 for tracking a maximum electric power operating point of

the generating selement in the voltage conversion unit in
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a characteristics determnation circuit including a function of neasuring a
short-circuit current and an open voltage of the plurality of generating

el enents; 25 and a control unit configured to perform swtching
control of an electric power path of the electric power, 95 '5ch unit by
determning the electric power path in accordance mﬁtﬁL?%Z ﬁ%&%-circuit
current and the 30 open vol tage obtained by the characteristics neasurenent

circuit. 49. The electric power control apparatus according to claim 48,
wherein the control unit is configured to 5 determne whether the plurality
of gener at i WG BIERERt §14F i F° WY g operatTormState on the basis of

the short - cdHGUdrGUKient Qblainedy dikeucharacteri stics measur enent
circuit, and performthe switching control of the electric 10 power path of

the electric powehepath 59 tehltindiet By VaEEerh withg e aEerFEe power path
by deter m ning.ag.geetallonsiate Anddie bastasol.iiie apendieltage. S0,

The el ectric power control apparatus according'to 15 any one of clains 45
to 49, céonpravsilngeascentioby urid dercdradiing aléuacti omdvrectfoger f or s MPPT

control b witching the e]lectric power th_of the electric .power path
oot e ol e gy RS B TR et nierut e e or ¢ he

gener ati ng elerenhs ras ihhagkeg: 20 tril.geTheael ggt &1 &mgromericontrol
apparatus according to any one of clains 45 to 50, conprising: a
vol tage corf&&iesn LinkECebRtrgredt ¢ convert sanvettakfe 198l generated by

the generating e%%geggﬁtégg unit is configured to perform the MPPT

10 control for tracking the maximum electric powser
operating point of the generating element in the voltage
conversion unit by supplying the variable reference
voltage on the basis of the measurement result frcm the
characteristics measurement circuit.

15
45, An electric power conircl apparatus comprising:

an electric power path switch unit configured to
be connectable with a plurality of generating elements
and including & function which switches between series

20 connection and parallel connection for the plurality of
generating elements; and

a backflcow prevention circuit disposed in an
electric power supply line for supplying output electric
power from the electric power path. switch unit to a

25 load, and including a function which prevents backflow
from a load side when a potential of the load side is
higher than a potential of the electric power supply

line.

30 46, The electric power control apparatus according to

claim 45, comprising a control unit configured tc
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25 supplied via the electric power path switch unit; a
characteristics neasurenent circuit configured to, upon selection of the

el ectric power path including the voltage conversion unit and when a
circuit is operated in the selected electric power pa%§)622 ﬁﬁ Hb
current-voltage (I1-V) nmeasurenent for MPPT control PadRi é he maxi mum

el ectric power operating point of SP262791W00 the generating elenents in

t he vol tage conversion unit; and a control unit configured to
performthe MPPT %on%%glb k%géwvoegg sgan ers on_unj t._.on the basis of a 5
| -V measur erfeAt &S i @ & powe b%%t? tiShpar at us according

to any one wfck@ilakinbrdbeh0ibd, circuit whevsheh@l Qlé@@rﬂﬁ%deﬁwp@tﬁveml on
circuit includes: 10a switch el enent connected to the electric power supply
line; a di g6 EnHedtel2EoPtte Bt eltenBAE 2L AShaFUIMEIti&Td in a forward
direction fromthe electric power supply line toward the |oad; and 15a
conparator configured to conpare a potential of the electric power supply
i ne and th%7Ioadhsidéepbrtﬂnﬁqﬂera@p@$$0ﬁhepsﬂr@tﬂﬁ(ﬁQﬂnyﬂingamd turn on the

swi tch ele noth poéegtéfujpfatge %Iegtélcvgomg£l§gpgl line is
hi gher andci rn of’f Fhe sk TR 1o At 20 SRHENnCTHE pot BhtaI" of t he

electric pQﬂBﬁﬁ%u@@BYtbl68nk§rd(BMﬂblﬂi%e Asvel egéfid£aponvery fr@edi ng system
conprising: a pIuralltX enerating el enments configured to 25 generate
el ectric polfdieraangy elemengs bR LFwEL2cbit r ot c&ppdr W& conf i gur ed

to supply the:elgctrhc,power fromthe generating elenments to a |oad side,

10 wherein the electric power path switch unit is
configured te be connectable with the plurality of
generating elements and includes a first connection
switching function which switches between series
connection and parallel connecition for the plurality of

15 generating elements, and a second connection switching
function which switches the generating elements
connected to an input side of the wvoltage conversion

unit.

20 48, The electric power control apparatus according to
any one of claims 45 to 47, comprising:
a characteristics determination circuit including
a function of measuring a short-circuit current and an
open voltage of the plurality of generating elements;
25 and
a control unit configured to perform switching
control of an electric power path of the electric power
path switch unit by determining the electric power path
in accordance with the short-circuit current and the
30 open voltage obtained by the characteristics measurement

clrcuit.
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wherein the electric power control apparatus 30i ncludes: an electric power
path switch unit configured to SP262791W00 be connectable wth the
plurality of generating elenents and including a function which sw tches
bet ween series connection and parallel connection for the plurality of
generating el enents; and 5a backfl ow prevention circuitf%di“po¥ed’i n an

el ectric power supply line for supplying output electric power fromthe

el ectric power path switch unit to a load and including a function which
prevents backflow fromthe | oad side when a potential of the load side is
10 higher than a potential of the electric power supply line. 54. An

el ectric poyer centreh.apparaldis. CoRRI-3hNdroa-ack!dow RIgverbi on circuit
i ncluding a function 15 which prevents back??om1fron1a | oad "si de when a
potenti al oflailve d8ead side is higher than a potential of an electric power

supply Iine; wh gikigﬁt clreuit confi u&g f£$uggygky el ectric power
froma generating &f efent T o @n el ectrici y storage el enent on the | oad
si de and chafgeddihe eheehercthy sturddevebeéngaterantnd neldwedtdsm t circuit
that may limt the supplied electric power, the |im¢t cjircuit limting the
el ectric power ‘SuppP§retehiPhatP ¥ 3 oiTagéastppli euctioriHe Bl tricity

storage el edmit; i3 231 LOWBL-thans £ Wds ehakge vaktages-and cs a
control unit configured to term nate the backfl ow prevention function of

the backf| owsprevenniconicrreti tawhen the el ectric power supply is limted
by the limt cirguit, 3025 . The.8lectiie BOVBE contypl.ARRaratus according

to
10 power path of the electric power path switch unit by

determining the electric power path by determining an

operaticn state on the basis of the open veltage.

50. The electric power control apparatus according to
15 any one of claims 45 to 49, comprising a control unit
including & function which performs MPPT control by
switching the electric power path of the electric power
path switch unit such that a maximum electric power
operating peint of the generating elements is tracked.
20
51. The electric power control apparatus according to
any one of claims 45 to 50, comprising:

a voltage conversion unit configured to convert a

voltage level gensrated by the generating elements and
25 supplied via the electric power path switch unit;

a characteristics measurement circuit configured
to, upon selection of the electric power path including
the veoltage conversion unit and when a circuit is
operated in the selected electric power path, perform

30 current-voltage (I-V) measurement for MPPT control for

tracking the maximum electric power operating point of
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3P262791W)00 cl ai m 54, conprising an electric power path switch unit
configured to be connectable with a plurality of generating el enents and

i ncluding a function which switches between series connection and parall el
5 connection for the plurality of generating el enents, wherein the
backfl ow prevention circuit is disposed in an el ectri CHpSweP186PPIy |ine
for supplying output electric power fromthe electric power path switch
unit to a load, and configured to prevent 10 backflow fromthe | oad side
when a potential of the load side is higher than a potential of the

el ectric povsr SSaSpRyINE neleBE: Theeltéét Vité CpeRer R oMt $ 61 aPparat us
according tg 45 claim55, conprising a control unit configured to termnate
t he backfl ow prevention function of the backfl ow prevention circuit when
the el ectric powercpathoswittch amidighasdbeenvswitchedr g ¢EFr al | el

connecti on. Zch;5§L' The gl ect; C_power_control appar a\% us .accor difﬁ% to claim
55 or 56, COWPricding a"Vol? %%g ONVEFSP G “uRit el Fyarst’ to “Cofivert a
vol t age sl evelv gerenatednbyrébigrgenerati ng el enents and supplied via the

el ectric power path switch unit, 25wherein the electric power path switch
unit is configured to be connectable with the plurality of generating

el ements ang i nchudes; a-{1{st, gannecti-on; subhehl pg. functignwhich sw tches
bet ween series connection anop paral |l el connection for the plurality of 30
gener ati ng alhwenest of ahdiass€zomd Tonnection switching function which
switches the generating glements,, 3PR627914000 connected to an.input side
of the voltage conversion uni T 587 THe 8l Btiric power “corntr ol

appar atigs accor dangwi6ch @ammane @fnrelcaeastb5the &t icsicny:

supply line;

a diode connected to the switch element in
parallel and in a forward directicn from the electric
power supply line toward the load; and

i5 a comparator configured to compare & potential of
the electric power supply line and the lcad side
potential across the switch element, and turn on the
switch element when the potential of the electric power
supply line is higher and turn off the switch element

20 when the potential of the electric power supply line is

lower.

53. An electric power feeding system comprising:
a pluraliky of generating elements configured to
25 generate electric power; and
an electric power control apparatus configured to
supply the electric power from the generating elements
to a load side,
wherein the electric power conitirol apparatus

30 includes:

an electric power path switch unit configured to
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a characteristics determination circuit including a function which neasures
a short-circuit current and an open voltage of the plurality of generating
el enents; and 10a control unit configured to perform sw tching control of
the electric power path of the electric power path switch unit by

determi ning the electric power path in accordance w t BRHE SREFOOIcircui t
current and the open voltage obtained by the characteristics neasurenent 15
circuit. 59. The electric power control apparatus according to clai m 58,
wherein the control unit is configured to 20 determ ne whether the
plurality ofe gemerattiapdeelénntize arleiia iavygederanengt operatdremtst ate on t he

basi s Of Lt N PhaLtaelLeult ccurrent abtal ned By he characteris i s

Weerl 8 lLes .
measur enent” Circuit, a orm t he 'sw t'ching con For - of The electric 25
power path @fnitdieielheahti caponesl paddhswioeh furi thbypDeterimyniarg t he
el ectric power path by determ ning an operation state on the basis of the
open vol t ageEnerag@s FheMeTeRt r3%  power control apparatus according to 30

any oneof claing Backe189, pLOMRdSING 8 CORt KOk ybidg inclding a function
whi ch perfornms MPPT control by SP262791WO00 smn?chlng the electric power

path of thesk®ctd eopererupath Sie ctPusitbprsuéhat Patrat nedbdafrmcel ectric
power oper3ting polat .l é*ﬂgcgﬂ‘@r 4d19 ehement s |s fracked, .1%@%- The
el ectric p rcontrol apparatus dccording t0 any one of clains 55 to 60,
conpri sing:and including a function which prevents backflow from

the load side when a potential of the load side is

10  higher than a potential of the electric power supply

line.

54, An electric power control apparatus comprising:
a backflow prevention circult including a functiocn
15 which prevents backfiow from a lcad side when a
potential of the load side is higher than a potential of
an eléctric power supply line;
a limit circuit configured to supply electric
power from a generating element to an electricity
20 storage element on the load side and charge the
electricity storage element, and in the limit circuit
that may limit the supplied electric power, the limit
circult limiting the electric power supply such that a
voltage supplied to the electricity storage element is
25 lower than a full-charge voltage; and
a control unit configured to terminate the
backflow prevention function of the backflow prevention
circuit when the electric power supply is limited by the
limit circuit.
30

55, The electric power control apparatus according to
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a voltage conversion unit configured to convert a voltage | evel generated
by the generating el enments and supplied via the electric power path switch
unit; 10a characteristics measurenent circuit configured to perform
current-voltage (I-V) nmeasurenent for MPPT control for tracking a maxi mum
el ectric power operating point of the generating el engiR&47¥1#RE0vol t age
conversion unit upon selection of the electric power 15 path including the
vol tage conversion unit and when a circuit is operated in the selected

el ectric power path; and a control unit configured to performthe
MPPT cont r otlaim tife mmageic@naﬂer@@tnim PowR Tt hetbas‘ivist@f w0 |-V

measur enent ul t.. p Tge electric powe cQntr aratus according to
any one of c?%fﬁ%l %O T Sofiectan} ?Mﬁﬁ%% n F%gr%a E¥I%§/prevent|on

circuit |nc@ade&ﬂnzﬁﬁeawmbﬁhseéﬁmmﬂﬁcmnnngpbeduhetthﬁ etestric power supply

line; a diode connected to the switch el enent in araIIeI and in a forward
direction f¥oMmIITe SEEERPCSPDIRT %ﬁﬁﬂﬂ%?ﬂqnnénﬁoﬁéFﬁ tfie 1 oad; and 30a

conpar ator confd qured .0 ¢QBPAL -2 PO} &Yt i@het+thg el &cdddiL, pover supply
line with a |load side sP262791w000 potential across the switch el ement,

and turn on the sWierehneteperachiary threvsoténni alrofit hies el ectric power
supply | neis fgher, apdtucn. of fulhe swial ehareel: Wighifig.potential of

t he electrl ‘Dover suppl’y TThé TS
output electric power from the electric power path

switch unit to a load, and configured tc prevent
10  Dbackflow from the load side when a potential of the load
side 1s higher than a potential of the electric power

supply line.

56. The electric power control apparatus according to
15  c¢laim 55, comprising a centrol unit configured to

terminate the backflow prevention function of the

packflow prevention circult when the electric power path

switch unit has been switched to parallel connection,.

20 57. The electric power control apparatus according to
claim 55 or 56, comprising a voltage conversion unit
cenfigured to convert a voltage level generated by the
generating elements and supplied via the electric power
path switch unit,

25 wherein the electric power path switch unit is
configured to be connectable with the plurality of
generating elements and includes a first connection
switching function which switches between series
connection and parallel connecticn for the plurality cf

30 generating elements, and a second connection switching

function which switches the generating elements
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63. An el ectric power feeding system conprising: at | east one
generating elenent configured to generate electric power; and 10an electric
power control apparatus configured to supply the electric power fromthe
generating element to a | oad side, wherein the el ectric power

control apparatus includes: 15a backfl ow prevention cigead2f/%lHeP0di ng a
function which prevents backflow fromthe |oad side when a potential of the
| oad side is higher than a potential of an electric power supply line; a
limt circuit configured to supply the electric 20 power fromthe
gener at i ng ®lreteeritect gcapnelertt i Tidey ot dhageoekegentomrendiecr] oad side for
charging the electricity storage elenent, and in the limt circuit that my
limt the §Hﬁp'ied el ectric power, the limt circuit limting the electric
power supply such that a 25 supply voltage to the electricity storage
elenment is |lower than a full-charge voltage; and a control unit

confi gured % t eFAPNSLECERES RAYUGI GWIpFreveRPPBR® FUh@TTH BR% R backf | ow

preventison GiJ it Jshen the e ectrdc pQWerL isypply is limted by the 30limt
circuit. 64. An electric power control apparatus conpri sing: an

el ectric power patkhswetohrunlicsoifiegoviedttonbeiconectirablvgiiniot h a
plurality of generaling.elenents and ineluding afunction which sw tches
bet ween ser €575 ¢oANECtIon” an paréﬁle “connection fortthe pl urality of
gener ati ng &leementisagandfachd mluaricli bfcaphkglt ety t@l Supplsy el ectric
power fromthe generating elenents to an electricity storage el enent on a

| oad side %4 charging the

10 a contrel unit configured to perform switching
control of the electric power path of the electric power
path switch unit by determining the electric power path
in accordance with the short-circuit current and the
open voltage obtained by the characteristics measurement

15 circuit.

59, The electric power control apparatus according to
claim 58,
wherein the control unit is configured to
20 determine whether the plurality of generating elements
are in a generating operation state on the basis of the
short~circult current obtained by the characteristics
measurement circuit, and
perform the switching control of the electric
25 power path of the electric power path switch unit by
determining the electric power path by determining an

operation state con the basis of the copen voltage.
60. The electric power control apparatus according to

30 any one of claims 55 to 59, comprising a control unit

including a function which performs MPPT control by
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10 electricity storage elenment, and be capable of limting the supplied

el ectric power, wherein the limt circuit is configured to limt the
el ectric power supply such that a supply voltage to the electricity storage
elenment is lower than a ful 1- 15charge voltage. 65. The electric power
control apparatus according to claim64, WheEE@icR 78 he0P{ mi t
circuit includes a function 20 which detects whether a load is connected to
the electricity storage elenment, and the limt circuit is configured to,
upon detection of connection of the load to the electricity storage

el enent, |isvitcchhegekbet elecpoverragpplytsuch thateldwt28 wpplky voltage to

the electricity st rage_el ement i.s.lower than the full-charge voltage. 66.
path switc nit such that a maxlimum elect lcr%%ﬁfr
The el ect ri*C power control apparatus according to clai or 65,

conpri si ng:cp3@atyabt agenconyerisd aendtiztc iegnki gueets t:os comvdreti.a vol t age
| evel generated by the generating el enents and S2262791WO00 supplied via
the electric power path switch unit; and a control unit configured

to termgnate charging:for-the glectbhelty shosragea.elLmnlihy the limt
circuit and turn off at |east a voltage conversion function of 5 the

vol t age corwver shenodnictawhenct Hee dlectcoimeirtyistorage el enent on the | oad
side is fully charged,, 67..The elgcltic poweroconirol Apparatys according
i [ to,

6
to claim66, 10wher&in {he control” unit is con i'gure when“t he supply
vol t age t o ddiesekectiili fynstorage elerentnisat tnere tdwemtshentiul | - char ge

vol tage, allow. charging for the electricity storage elenent by the limt

circuit andEEASEN VAR FBastIIhe VolFtaGé Béﬁbng? W fUhcti on of the

10 a characteristics measurement circuit configured
to perform current-vceltage (I-V) measurement for MPPT
contrel for tracking a maximum electric power operating
point of the generating elements in the vecltage
conversion unit upcn selection of the electric pcwer

15 path including the voltage conversicn unit and when a
circuit is operated in the selected electric power path;
and

a control unit configured to perform the MPPT
control in the voltage conversion unit on the basis of a

20 I-V measurement result.

62. The electiric power control apparatus according to
any cone of claims 55 to 61,
wherein the backflow prevention circuit includes:
25 a switch slement connected to the electric power
supply line;

a diode connected to the switch element in
parallel and in a forward direction from the electric
power supply line toward the load: and

30 a comparator configured to compare a potential of

the electric power supply line with a lcad side
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15 voltage conversion unit. 68. The electric power control apparatus
according to claim®66 or 67, wherein the control unit is
configured to put an 20 electric power path of the electric power path
switch unit into an open state when charging is termnated. 69. The

el ectric power control apparatus according to any one“6f6€lai#8°%4 to 68,
conprising a voltage 25 conversion unit configured to convert a voltage

| evel generated by the generating elenments and supplied via the electric
power path switch unit, wherein the electric power path switch unit
is conflguﬁéﬁﬁpélbé é@ﬁ%%%ﬂéﬁréwmﬂﬂﬁ ehempnir appd yL o 3¢ erating

el ement s and, ing| udescp. figst GRNNERLLIN.SVLECHLAG. fanstion uich swi t ches

bet ween seri es 0 connection and parall connection for the
plurality @hp@égenahengsemBMBnt$pdamdra sééohdecamﬂaﬁtmdwn@wmtchlng

function which switches the ener.a ements conne to an input side
of the vol t4ge Eg%VEPE?%El ; Q @q%ﬁg “efelt¥Tt P g‘ﬁFr&F ;pggraths

accordi ng tigwary one of clalns 64 to 69, conprising: a characteristics
determ nation circuit including 10 a function which neasures a
short-circuit current and an open voltage of the plurality of generating

el ements; gnd 5, elé%‘ﬁfgréﬂ %n@gegggglgyg@@htébﬁgyjéyﬁg swi tching control

of an el ectfic power pat ‘he electric power 15 path switch unit by
determ ning the etet¢ast powwgenmpathiing element configured to

generate electric power; and

10 an electric power control apparatus configured to
supply the electric power from the generating element to
a load side,

wherein the electric power control apparatus
includes:

15 a backflow prevention circuit including a function
which prevents backflow from the load side when a
potential of the load side is higher than a potential of
an electric power supply line;

a limit circuit configured to supply the electric

20 power from the generating element to an electricity
storage element on the load side for charging the
electricity storage element, and in the limit circuit
that may limit the supplied electric power, the limit
circult limiting the electric power supply such that a

25 supply voltage to the electricity storage element is
lower than a full-charge voltage; and

a ceontrol unit configured to terminate the
packflow preventicn function of the backflow prevention
circuit when the electric power supply is limited by the

30 iimit circuit.
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in accordance with the short-circuit current and the open vol tage obtai ned
by the characteristics nmeasurenent circuit. 20 71. The el ectric power

control apparatus according to claim 70, wherein the control unit is
configured to determ ne whether the plurality of generating elenents are in
a generating operation state on the basis of the 25 shde<diPABAPE current
obt ai ned by the characteristics neasurenent circuit, and performthe
switching control of the electric power path of the electric power path
switch unit by determning the electric power path by determ ning an 30
operation st‘ate én thecbast scofent honhpeh gpbtageus cFrifiecel ectric power

control apparatus agfgégéqg to %p%)%%e ogtg%aﬁg§t64-t i'é%edp%gpr|5|ng a

control unit incFﬁdlng a Tunction ﬁhlcﬁwper or ns ntrol "by sw tching

an el ectri mgpowahcpatblofwihie £@aindlc cpover gbnpak bi sy dicdnaiitist such that a
maxi mum el ectric power operating point of the generating elenents is
tracked. 739 FRELBAGREr P clpowerCTt oSl SYppalat useHeRkTt diSfg o any one of

clainms 64 tQ,f2.+CeRPLhSI POral0a volt-age canversia ynitscanf igured to
convert a voltage | evel generated by the generating el enments and supplied
via the el esteretpoverlpashtsiarh unit; a characteristics neasurenent

circuit configured,to.perf 1.current-voltage - rrement for the 15
MPPT control forgt%5@??n%l$%2h§§§fﬁﬁﬁﬁé?gcfgi%&%%%%fgg%gﬁg%ing poi nt of the
gener at i ng whweredtsni Ahthgevetdtage; corRvensksonouaht e Lpon-iseltect i on of the

el ectric power path_including the voltage conversion unit and when a

circuit is TPePEfed PRePheCRet et SefEctPFcChBr poR@rtHat h: and

10  electricity storage element, and be capable of limiting
the supplied electric power,
wherein the limit clrcult is configured to limit
the electric power supply such that a supply voltage to
the electricity storage element is lower than a full-

15 charge voltage.

65. The electric power control apparatus according to
claim 64,
wherein the limit circuit includes a function
20 which detects whether a lcad 1s connected to the
'electricity storage element, and
the limit circuit is configured to, upon detection
of connection of the load tc the electricity storage
element, limit the electric power supply such that the
25  supply voltage to the electricity storage element is

lower than the full-charge voltage.

66, The electric power contrel apparatus according to
claim 64 or 65, comprising:
30 a voltage conversion unit configured to convert a

veltage level generated by the generating elements and
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a control unit configured to performthe MPPT control in the voltage
conversion unit on the basis of a |-V neasurenent result. 25 74.The

el ectric power control apparatus according to any one of clainms 64 to 73,
conprising a backflow prevention circuit disposed in an electric power
supply line for outputting output voltages of the el ecti4a7FdWerOpat h
swtch unit and the voltage conversion unit 30 to a | oad, wherein the
backfl ow prevention circuit includes a SP262791WO00 functi on which
prevents backflow fromthe | oad side when a potential of the load side is
hi gher tharswpoteentiial the ¢hecetetadwepoden SWppry ihe. BI75. The

el ectric power cqntro p u rdi.ng .t R SR sing a
control unit conf‘gurgaggo@%g% ébﬁ%%? %g %gcg %%a#%%%ven |ong;unct|on of
t he baCkf|mWHpﬁﬁME@UEGBVQCECyIitNWEﬂEtdﬂEmEhQbelCthMEmlBLqmﬂQWJWS limted

by the imt circuit The el ectric power contirol arat us
according 191 B ?Efo?t éea%Bn%rY%ﬁﬁﬁ?e c@%ﬁFFBFoﬂn%?n%%Hgfdﬁ}ed to
term natse the backhlew-pheyent bon.funciH-on ok Emgc@a%ﬂ%vgw@g%ntl on
circuit when the electric power path 15 switch unit has been switched to

paral | el conreEritoRn e Apeel ekde il gower FBedrag-system conprising: a
plurality of generating elenments configured to generate electric power; and
20an el ectric power control apparatus configured to supply the electric
power from&he general eagret gend:s domtaolloagpstdens accordiwlerel n t he

el ectric power, c%%trol apparatus includes: 25an electric power path switch
uni t confidﬁf d

10 wherein the control unit is configured to, when
the supply voltage to the electricity storage element is
lowear than the full-charge voltage, allow charging for
the electricity storage element by the limit circuit and
turn on at least the voltage conversion function of the

1% wvoltage conversion unit.

68, The electric power control apparatus according to
claim €6 or &7,
wherein the contrcol unit is configured to put an
20 electric power path of the electric power path switch

unit into an open state when charging is terminated.

£9. The electric power control apparatus according to
‘any one of claims 64 to 68, comprising a voltage

25  conversicon unit configured to convert a voltage level
generated by the generating elements and supplied via
the electric power path switch unit,

wherein the electric power path switch unit is

configured to be connectabkle with the plurality of

30 generating elements and includes a first connection

switching function which switches between series



be connectable with the plurality of generating el enents and including a
function which sw tches between series connection and parall el connection
for the plurality of generating elenents; and 30a limt circuit configured
to supply the electric power fromthe generating elenents to an electricity
SP262791W00 storage el ement on the |oad side for charifi4%g’ChBC@Pectricity
storage elenent, and be capable of |limting the supply voltage, wherein the
limt circuit is configured to limt 5 voltage supply such that the supply
voltage to the electricity storage elenent is |lower than a full-charge

vol tage. 78&:mesitecnr redppwer tohtawinegypanatas é@ml%ﬁﬁﬂgﬁﬂ@ﬁn el ectric
power pat h swid.ch g L, conli gured, Lo he. cannechabl eowi L a-plyral ity of
generating el'enent's angi i ncluding a funct i on ween series
connecti on ﬁnd:tﬁaamalwhebhceumnteﬂtes)rtﬁeorgemlaeaphngaéléryemzfs generati ng

el ements; 15a vol tage conversion it co%f ﬁed to convert a voltage |evel
gener at ed ByPHHE t§EnEPatT ng R e % And %%B FRES VP YHE & ectri ¢ power
path swst chuni t; and a control unit configured to perform charging

control by supplying electric power fromthe generating 20 elenments to an
electricity storage elenent on a | oad side by perform ng switching control

of the elecisic pawer; paLi SWAGN Wieror appar ML ElALdhR GORLI OF unit s

configured to per or m sw i'ng such that, fhen“a vo tage of the
el ectricityar2b steopdgelelesett s @}uaﬂon@@leﬁnbess than a certain voltage,

the electric power LS directl uplledfromthe enerat | el ements to the
el ectricity stordgé 8F%ﬁié‘?ﬁls%rﬁf &?rf“ﬁé‘a@bf’?a‘é% Bt H &%&fﬂgl city

storageg a function which measures a short-circuit current and an
open voltage of the plurality of generating elements;
and
a control unit configured to perform switching
contrel of an electric power path of the electric power
15 path switch unit by determining the electric power path
in accordance with the short-circuit current and the
open voltage obtained by the characteristics measurement

circuit.

20  71. The electric power control apparatus according to
claim 70,
wherein the control unit is configured to
determine whether the plurality of generating elements
are in a generating operation state on the basis of the
253 short-circuit current obtained by the characteristics
measurement circult, and
perform the switching centrel of the electric
power path of the electric power path switch unit by
determining the electric power path by determining an

30 operation state con the basis cf the open voltage.

139



30 elenent is equal to or nore than the certain voltage, operating voltages
for the electric power path switch SP262791W00 unit, the voltage
conversion unit, and the control unit are obtained fromthe electricity
storage el enent. 79. The electric power control apparatus according to
5 claim78, wherein the electric power path switélR2iRAiLvOPe
configured to be connectable with the plurality of generating elenents and
includes a first connection switching function which swi tches between
series 10 connection and parallel connection for the plurality of

gener at i ng @-enefts, capdt Bl S acord contEet | eRCSTR Tiehiang frgaEsi 6A whi ch

switches t r at t nn : n_i i .Qf the vol tage
conversiont}%ﬁ?%&%l%tf gg?§#%g§£ﬂgéﬁﬁfc%%%§g%ggg t?&%ﬁg%ﬁng?ﬁg according to
claim 78 orirduddonpei singtion whicha pelrdpacterPBT i csntdetleroyi nation circuit

i ncluding a function mhifh nmeasures a shgrt-circui current and an 20 open

vol tage of THePrafalit §-oF - gendt BTG ehtnt 8 G T2 PO“§ control unit

confi gured g penfierm swit chidg ot ohefiran elestric fauwer path of the
el ectric power path switch unit by determning the electric power path 25

i n accor darfgen@ttnot Re1sho?t - Afner@itRantl ahen thel Dpeémaksittage obt ai ned
by the characteristics neasurenent circuit. 81. The electric power
control apparatus according to 30claim80, wherein the control unit is
configured 1t The electric power control apparatus according to

any cne of claims 64 to 72, comprising:
i0 a voltage conversion unit configured to convert a
voltage levael generated by the generating elements and
supplied via the electric pecwer path switch unit;
a characteristics measurement circuit configured
to perform current-voltage {I-V) measurement for the
15  MPPT contrel for tracking the maximum electric power
operating point of the generating elements in the
voltage conversion unit upon selectlion of the electric
power path including the voltage conversion unit and
when a circuit is operated in the selected electric
20 power path; and
a control unit configured to perform the MPPT
contrel in the voltage conversion unit on the basis of a

I-V measurement result.

25 74, The electric power contrcl apparatus according to
any one of claims 64 to 73, comprising a backflow
prevention circuit disposed in an electric power supply
line for outputting cutput voltages of the electric
pewer path switch unit and the voltage conversicon unit

30 to & load,

wherein the backflow prevention circuit includes a
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SP262791W00 determ ne whether the plurality of generating elenents are in
a generating operation state on the basis of the short-circuit current
obtai ned by the characteristics neasurenment circuit, and 5performthe
switching control of the electric power path of the electric power path
switch unit by determining the electric power path by SFettér#ilHPAg an
operation state on the basis of the open voltage. 10 82. The el ectric power
control apparatus according to any one of clainms 78 to 81, conprising a
control unit including a function which perfornms MPPT control by sw tching
an el ectri chypogrorpath cbf praecel ®dtad<c lsgwér opathe skwa €t gt t'hsich that a

Taxi UM el ety].C. AOUST 15, gDef AL N OLNL QL Lhe-genes aling, algments s

tracked. e el éctric power control apparatus acc g to any one of
clains 78 kﬂf&ﬂme@ﬂﬁmmmﬁcngow@rchanﬁgtémmstlcs nmeasurement circuit
configured 20 to performcurrent-voltage (1-V) neasurenent for the MEET
control for tracking the maxi numelectric power operating point of the

generatisng ‘g enents khethe; valdage CRRYENSEPPabatls URbsReCkicon of the
el ectric power path including the voltage conversion unit and 25 when a

circuit is dpdrat/dd CRTPHESSeY ettEElBctrie ponetIpetth;tnd a control unit
confi gured Lo nerfar TWPRI-£ONGE Q- L AddRav QLhageoLoMvansl on unit on the

basis of a asurenent resu ectric power feeding system
conpri si ng;backflow prevention circuit when the electric power

supply is limited by the limit circuit.

10
76. The electric poewer control apparatus according to
claim 74 oxr 75, comprising a contrel unit configured to
terminate the backflow prevention function of the
backflow prevention circuilt when the electric power path

15 switch unit has been switched to parallel connection.

7. An electric power feeding system comprising:
a plurality of generating elements configured to
generate electric power; and

20 an electric power control apparatus configured to
supply the electric power from the generating elements
to a lcocad side,

wherein the electric power control apparatus
includes:

25 an electric power path switch unit configured to
be connectable with the pilurality of generating elements
and including a& function which switches between series
connection and parallel connection for the plurality of
generating elements; and

30 a limit circuit configured to supply the electric

power from the generating elements to an electricity
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SP262791W00 a plurality of generating elements configured to

generate electric power; and an electric power control apparatus
configured to supply the electric power fromthe generating elenments 5 to a
| oad si de, wherein the electric power control apparatus includes:

an electric power path switch unit configured to be cori¥ect/ZBFE%Gi th t he
plurality of generating elenents 10 and including a function which sw tches
bet ween series connection and parallel connection for the plurality of
generating el ements; a voltage conversion unit configured to convert
a vol t age |€velaggesdracad by the getersddendosl eengsnandal5 supplied via

the el ectri r..pat Lt ch it a n |. uni.t _configured
to perforn1%égggﬁﬁﬁggoEF?%%&%ye%%%%Fyi%%dtﬁg 8F8§?$?c£%3V%@'3réhmthe

gener ati ng eleeremnid vt oclhegépad si de by performng switching control of the
el ectric power pagh switch 20 unit,, .. Wherein th cog$rol unit is
configured to, wﬁ‘ﬁr§l9oFF%gkﬁ?ﬁtt9ﬁ¥9¥P5cﬁ?iEPPglgT%ﬁ g& eldménts i s equal
to or |ess {hana eebbainsvehtages did ecldby ySuBRkY gt hes elgctric power from
the generating elenments to the 25 electricity storage el enent, and

confi gur ed tlEctiien tyhe tesreagel Bteitthe selleveri Ehey atdtageidterent is equal
to or nnrexkpﬁg‘ he certain voltage, performthe swtching such that
operating voltages for the electric power path switch unit, the voltage
conversion unit, and the 30 control unit are obtained fromthe electricity
storage el efren An.electricdpomer control apgaratusjgﬁnprising: an

t. 85 |
el ectric power pﬁFhegﬁFFr%Bn??%ﬁﬁe§ Y Oge BPParatus Comprisl

10 an electric power path switch unit configured to
be connectable with a plurality of generating elements
and including a function which switches between series
connection and parallel connection for the plurality of
generating elements;

15 a voltage conversion unit configured to convert a
voltage level generated by the generating elements and
supplied via the electric power path switch unit; and

a control unit configured to perform charging
contrel by supplying electric power from the generating

20 elements to an electricity storage element on a load
side by performing switching control of the electric
power path switch unit,

wherein the centrol unit is configured to perform
switching such that, when a voltage cof the electricity

25 storage element 1s eqgual to or less than a certain
voltage, the electric power is directly supplied from
the generating elements to the electricity storage
element, and

when the voltage of the electricity storage
30 element 1s equal to or more than the certain voltage,

operating voltages for the electric power path switch
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connectable with a plurality of generating elements with 5 different rates
of change of a voltage with respect to illum nance or tenperature; and

a voltage conversion unit configured to convert a voltage | evel generated
by the generating elenments and supplied via the el ectric power 8ath unit,
10wherein the electric power path unit is configured t534%6ARelP the
generating elenents with a large rate of change of the voltage to the
vol t age conversion unit, and put the generating elements with a
smal|l rate of 15 change of the voltage in a non-connected state with
respect to ¥Hé vEFEagelEBRTerSTHIr Uit U1386. 2THe P eCt? 1 pdWer control

appar at us acCorgingnta elahmi8s, o 20uhereiy the-ghectidc.pover path unit is
configured to connect the generating elenments with the |large rate of change

of the voltage to the voltage conversion unit in series, and connect the
generating el eents with. the snall 25.tate. of ghange. of the voltage to the
generating €l’enents and Fre” Vot age conver STon Gnit that ar€ in series
connect ison dIxiparall el . 87. The electric power control apparatus
according to 30 claim85 or 86, wherein the electric poweri%ath unit

i ncl udes an el ectPPESHBWERS pat9f SWict ERYERI P2t SPRE2T 100 wher ei n

the el ectrigpoweh-cRath swi t&hdw dpiles G @Rf Laur s, 191 Pe, cpnnectable with
the plurality of generating elenments and includes a first connection

swi t chi ng fasyetriagAnahechmeni s chies atlwelen sefiiest copmerttiiom and paral |l el
connection far_ the plurali . gener.at | | S nd. a second
sﬁ%tc%ﬁsﬁngﬁgL%gg &%&é%'QWE%CFE%ege?ﬂggﬁ Lfc) Cg

connection SWtcC nction ich sw generating el enents
connectl®ed tacrardtiput asEdeandl tdie avolicage ceonver shonolnid41ity88L The

el ectric power control aggaratus according to an% pone of clainms 85 to 87,
h& h

conpri si ng:9enerating g Bteri 3t & SFECEANFREPFOR ST rEUi 15 "¢l udi ng a
function whiGh -ARASURESHAs SheEke£ifilideneUREeRl angnan-d45 open vol tage of

the plurality of generating elenents; and .
connected to an input side of the voltage conversion
unit,

15
g0. The electric power control apparatus according to
claim 78 or 792, comprising:
a characteristics determination circuit including
a function which measures a sheort-circuit current and an
20 open voltage of the plurality of generating elements;
and
a control unit configured to perform switching
control of an electric power path of the electric power
path switch unit by determining the electric power path
25 in accordance with the short-circuit current and the

open voltage obtained by the characteristics measurement

clrcuilt.
g1. The electric power contrcl apparatus according to

30 claim 80,

wherein the control unit is configured to
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a control unit configured to performswtching control of an electric power
path of the electric power path switch unit by determ ning the electric
power path 20 in accordance with the short-circuit current and the open
vol t age obtai ned by the characteristics neasurenment circuit. 89. The

el ectric power control apparatus according to 25cl ai m3%62721W000herei n
the control unit is configured to determ ne whether the plurality of
generating elenents are in a generating operation state on the basis of the
short-circuit current obtained by the characteristics 30 neasurenent
circuit, arfFFerrernRRENSHI Hehimg ContoPiofePREa I RE1FIEETEP262791W00

power path of. the .eLeCLELL; POWSE. PALINSWiLER HAi Erbypdelerdd nipg the
el ectric power path by deterim ning an operation state on the basis of the

open vol t aggio53-80rThétebectentt Powemecohtr cheapparattsriattiorsdi ng to any
one of clains 85 to 89 .conPrishgg a control unit including a function
whi ch perf&¥ﬁ§uﬁﬁﬁ?n oﬁ%?%? %y %mﬁtching an electric power path of the
el ectri g power pathrswht che ufiitGlichy thatralmaxi ohen €leedtiicc power 10
operating point of the generating elenent is tracked. 91. The electric

power cont rRAYSEppalrat 65 2@ of thg  t% Par? ToRe tof SEEEFRsEs (Y 90,

CO”DFISIngkﬁﬁm&%ﬁ%@%%GEhétéﬁéc@§ﬁ§%kﬁﬂ§“ aChr 8yl ke ORI QW LA R15 to perform
current-vol tage (I- measur enent for MPPT conirol for tracking a nmaxi num
el ectric powsmragpenaticagepoi nthofoaties géndhat pngnevehemis. in the vol tage
conversion unit upon selection of the electric power path including the
vol t age conversion unit and when a 20 circuit is operated in the selected
el ectrile poser patb; eapdtric power control apparatus according to

any one of claims 78 teo 81, comprising a control unit
including a function which performs MPPT control by
switching an electric power path of the electric power
path switch unit such that a maximum electric power

15 operating point of the generating elements is tracked.

83. The electric power contrel apparatus according to
any one of claims 78 to 82, comprising:
a characteriétics measurement circuit configured
20 to perform current-vecltage {I-V) measurement for the
MEPT control for tracking the maximum electric power
operating point of the generating elements in the
veltage conversion unit upon selecticn cof the electric
power path including the voltage conversion unit and’
25 when a circuit is operated in the selected electric
power path; and
a control unit configured to perform MPPT control
in the voltage conversion unit on the kasis cof a I-V
measurement result.
3G

34. An electric power feeding system comprising:
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a control unit configured to performthe MPPT control in the voltage
conversion unit on the basis of a |-V neasurenent result. 25 92. An

el ectric power feeding system conprising: a plurality of generating
elenments with different rates of change of a voltage with respect to

il lum nance or tenperature; and 30an el ectric power conzgl7appacat us
configured to supply electric power fromthe generating elenents to a
S2262791W00 | oad si de, wherein the el ectric power control apparatus
includes: an electric power path unit configured to be 5 connectable with

the plurality of generating &Fenmnl,sMiddheotiBrRedblf e6€RIguAlLspf change of
the voltage with respect to illum nance or tenperature; and a

vol t age conS?@IF'isfr&Dtn3 e tebaf pgueed Q@ convert a voltage |evel generated by
the generating elements. and 10.suplied via Lhe elechiic paver. path unit,
POVET " p ) Plg h

wherein the el ectric unit 1s co ured to connect the

gener ati ng shementtanetbcart argeveat &rof «thangecohtthe ybitages to the
vol t age conversion unit, and 15put the generating elenments with a snall
rate of “chahye® of°@hé ¥6rtage in a non-connected state with respect to the

vol tage conversi QieWRih. the electric power control apparatus
includes:
an electric power path switch unit configured to
be connectable with the plurality of generating elements
10  and including a function which switches between series
connection and parallel connection for the plurality of
generating elements;
a voltage conversion unit configured to convert a
voltage level generated by the generating elements and
15 supplied via the electric power path switch unit; and
a control unit configured to perform charging
control by supplying the electric power from the
generating elements to the load side by performing
switching control of the electric power path switch
20 unit,
wherein the control unit is configured to, when a
voltage of the electricity storage elements is equal to
or less than a certain voltage, directly supply the
electric powsr from the generating elements to the
25 electricity storage element, and ccenfigured to, when the
voltage of the electricity stcrage element is equal to
or more than the certain voltage, perform the switching
such that operating voltages for the electric power path
switch unit, the voltage conversion unit, and the
30 contrel unit are obtained from the electricity sterage

element.
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85. An electric power contrel apparatus comprising:

an electric power path unit configured to ke
ﬁonnectable with a plurality of generating elements with
different rates of change of a voltage with respect to
illuminance or temperature; and

a voltage conversion unit configured to convert a
veltage level generated by the generating elements and
supplied via the electric power path unit,

wherein the electric power path unit is configured
te connect the generating elements with a large rate of
change of the volitage to the voltage conversicn unit,
and

put the generating elements with a small rate of

change of the voltage in a non-connected state with

respect to the voltage conversion unit.

86. The electric power control apparatus according to
claim 85,

wherein the electric power path unit is configured
to connect the generating elements with the large rate
of change of the voltage to the voltage conversion unit
in series, and

connect the generating elements with the small
rate of change of the voltage to the generating elements
and the voltage conversion unit that are in series

connection in paraliel.
g7. The electric power control apparatus accerding to

claim 85 or 86, wherein the electric power path unit

inciudes an electric power path switch unit,
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wherein the electric power path switch unit is
configured to be connectable with the plurality of
generating elements and includes a first connection
switching function which switches beitween series
connection and parallel connection for the plurality of
generating elements, and a second connection switching
function which switches the gesnerating elements
connected to an input side of the voltage conversion

unit.

g8. The electric power control apparatus according to
any one of claims 85 to 87, comprising:

a characteristics determination circuit including
a function which measures a short-circuit current and an
open voltage of the plurality of generating elements;
and

a control unit configured to perform switching
controel of an electric power path of the electric power
path switch unit by determining the electric power path
in accordance with the short-circuit current and the
open voltage cobhtained by the characteristics measurement

circuit.

85. The electric power contrcl apparatus acceording to
claim 88,

wherein the control unit is configured to
determine whether the plurality of generating elements
are in a generating operation state on the basis of the
short-circult current obtained by the characteristics
measurement circuit, and

perform the switching contreol of the electric
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power path of the electric power path switch unit by
determining the electric power path by determining an

operation state on the basis of the open voltage.

90. The electric power control apparatus according to
any one of claims 85 tc 89, comprising a control unit
including a function which performs MPPT contrel by
switching an electric power path of the electric power
path switch unit such that a maximum electric power

operating point of the generating element is tracked.

91. The electric power contrcl apparatus according to
any one of claims 85 fo 90, comprising:

a characteristics measurement circuit configured
to perform current-voltage (I-V) measurement for MPPT
control for tracking a maximum electric power operating
point of the generating elements in the voltage
conversion unit upon selection of the electric power
path including the voltage conversion unit and when a
circuit is operated in the selected electric power path;
and

a control unit configured to perform the MPPT
control in the voltage conversion unit on the basis of a

I-V measurement result.

92. An electric power feeding system comprising:

a plurality of generating elements with different
rates of change of a voltage with respect to illuminance
or temperature; and

an electric power control apparatus configured to

supply electric power from the generating elements to a
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load side,

wherein the electric power control apparatus
includes:

an electric power path unit configured to be
connectable with the plurality of generating elements
with the different rates of change of the voltage with
respect to illuminance or temperature; and

a voltage conversion unit configured to convert a
voltage level generated by the generating elements and
supplied via the electric power path unit,

wherein the electric power path unit is configured
to connect the generating elements with a large rate of
change of the wvoltage to the voltage conversion unit,
and

put the generating elements with a small rate of
change of the voltage in a non-connected state with

respect to the voltage conversion unit.
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