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| DESCRI PTION CURRENT SUPPLY Cl RCUI T, POLYPHASE DRI VE
CIRCU T, METHOD OF DESI GNI NG CURRENT SUPPLY CIRCU T 5
Technical Field The present invention relates to
techni ques for supplying polyphase current. Background
Art Fig. 12 is a circuit dia%ran1lllustrat|ng a
conventional current-supplyi 10 techni que. A diode
bridge 21 applied with an AC voltage havi ng an
effective value of 200 préeRPEHNAC power supply 1

or a single-phase 200 V power supply, perforns

PP LD B G CHEEy PFPASE, RO aﬁl&. s REEoD OF
DESHENRED bR SR LR 0T 0r) °01 erent s havi ng

br eakdown vol tage of 600 V for each phase, 15 and

outputs an AC current of each phase froma node of the

serje nnectlon to a three-phase notor M. To
T@ﬁﬁﬁ?i§§‘1osses in the inverter 41, it is desired to

reduce turn-on | osses and a saturatlon vol tage across

a col |'Betmpseahigvenioaselptes ko rhrigess i P@‘PP&I‘%E@%YP hagg Fergent.

their characteristic values have influences on

dynam c | osses and static |losses in the 1 GBT 20

el ement, respectively. Meanwhile, inprovenents in fine
BadkgowindrAxtof an | GBT el enent are classified as

generational differences. Fig. 13 shows the

rel at iipshiipisbet simait tlapranonllbdssiag anchnaentiabllcatrersupplying

vol tage Vice(sat) across a collector and an emtter in
teclegaiidl tA didderteidge ne appli@nwithf@usChollagehatin®an effactive value of

fifth-generation | GBT el ements having a breakdown

2000t e & ALS pBRE: MppBS 1962RNSndiSphist, mnv pdwer supply, performs

respectively. The turn-on | osses are normalized in
full-wave rectification, and provides an inverter 41 with a DC voltage Vdc via a

smoothing circuit 31. The inverter 41 includes series connection of two IGBT (Insulated -

Gate Bipolar Transistor) elements having a breakdown voltage of 600 V for each phase,
and outputs an AC current of each phase from a node of the series connection to a
three-phase motor M1. |

To suppreés losses in the inverter 41, it is desired to reduce turn-on losses and a
saturation voltage across a collector and an emitter of each IGBT element, since their
characteristic values have influences on dynamic losses and static losses in the IGBT
element, respectively.

Meanwhile, improvements in fine structure of an IGBT element are classified
as generétiOna] differences. Fig. 13 shows the relationship between turn-on losses and a

saturation voltage Vce(sat) across a collector and an emitter in regard to third-generation,

- fourth-generation, and fifth-generation IGBT elements having a breakdown voltage of

600 V, as graphs L3, L4, and L5, respectively. The turn-on losses are normalized in
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ternms of the nunber of pulses and current. It is shown
t hat -al though a tradeoff exists between their
characteristic values, both of the characteristic

val ues decrease with each new generation. Such
characteristics of 1 GBT el enents of different
generations are discussed in~5 non-patent docunents |
to 3, for instance, and the turn-on losses in an | GBT

te@hSBE e @KL b PhlkhHaAnd YhReRD TOSSESwANHBIRBES AlHaAPoff exists
vol tage across a collector and an emtter are

béibv@&ii%ﬁdchbﬁcféﬁgﬁ@ @ﬁlﬁ&t b@ﬁ? HFeRtc q%facPe?fsﬁé‘tvaﬂgé: Hé@@zrge with each

di scl oses a techni que contro a notor use

63,[,1 @deq.atﬁ)gndltl oner or a cool i ng device. Patent
ogunent 2 discloses a technique for nDduIar|Z|ng an

IDQXE;; h %H éréct \n S & 0 @ﬁ%r etl ‘%rﬁ?%% P} ‘ihrglﬁe‘f% é?f}?r%l?éls gﬁeddwcussed m

ext of “h tech

n@oeﬁ%'té ; 033\91?151&5?@3%6 O g %?%%;mﬁheeﬁ% oh diipgsin i dgBT element
No n- Pat e cunent yuKi
ba(fgcg iﬂgaes %lfatl% Kpl tage a?@@ﬁﬁlcgﬁu tor and an emitter are

| nnovat i on in Useries | GBT I\/bdul e", Fuji Electric
digeussdain ngrpatenis doggsnant 4.15P#eE5deonEn INGisclpagsent technique for
Docunent 3: Junji Yanmda, et al., "Low Turn-Off
conigpllgi mpotaerisedyn aned\condifiporbeiLs sooljngnddving] , PReREdocument 2
[searched Oct ober 8, 2003], Internet
disalpaes htechnighoiay. medilarizong areinyetn it/ Aodw-converet inft h
genl GBT. pdf > Non- Pat ent Docunent. 4. "Quide to
Pr act iNca-Pdtise Dafcuidents LitBasdshi Rionie - Latbd UPkR! TRONMIS and Application
[online], Mtsubishi Electric, [searched Cctober 8,

Ex20@33s, Thenécd?,rtett of 13 technical seminar of J Japan Socn?;?/ of Power Electronics,
<URL: http://sem con. nel co. co.jp/sem con/ htm / pdf/ ka035

pBa39opdf 5 Patent Docunent 1: Japanese Patent
Application Laid-Open No. 60-249895 Patent Docunent

2 JaNanesRnPBbeherNRP NoSHkiOWabRird T8 Miyasaka, Yasukazu Seki,
2003- 143871 25 Di sclosure”of Invention
“Technical Innovation in U-series IGBT Module”, Fuji Electric Journal, vol. 75, Nol0,
p555 (2002) |
Non-Patent Document 3: Junji Yamada, et al, “Low Turn-Off Switching
Energy 1200V IGBT Module” [online], IEEE, [searched October §, 2003], Internet
<URL:http://www.ineltron.de/english/Low_turn_off_Sth_genIGBT.pdf>
Non-Patent Document 4: “Guide to Practical Use of Mitsubishi Powér Module
MOS” pd6, [onliné], Mitsubishi Electric, [searched October 8, 2003], Internet
<URL:http://semicon.melco.co.jp/semicon/html/pdf/ka0350a3, pdf>
Patent Document 1: Japanese Patent Application Laid-Open No. 60-249895

Patent Document 2: Japanese Patent Application Laid-Open No. 2003-143871

Disclosure of Invention
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3 There has naturally been a demand for | osses
reduction in each | BT elenment wthout a wait for a
new generation |1 GBT elenent. In view of such demand,
the present invention has an object to provide a
techni que for reducing |losses in a current supply
circuit including an inverter having an 5 | GBT

el enment. A current supply circuit according to the

I nVent iR hAch _ Cf i
circuit (22) fg%ﬁ%&? géc{ilo'lil gagﬁnﬁ%ﬁg%%évegsﬁdéf m%p%\%% rI GBT element

WﬁH&RlaXvéitlﬁor a%%ﬁnar&&&ﬁﬁﬁé‘?%}é }ﬁﬁrt er circuit (42)

I ncludi ng series connection o Wwo switching el ements

havi nq{l S\G?\%re&kgﬂﬂm% zlntda%e ?ﬁeg%rﬁc}l%ﬁé/rggjglrhha%ﬁ% é)%?egiﬁq grovide a

and ou i ng an cufren

B I T T

‘ tage doubler rectifying circuit and the pol yphase
18} EffE

" circuit are nodul arized. A polyphase drive
circuit accordi qg to the invention includes the
cur r erft CSEFHISYPPIY wirepit @gsarding de tles Hycrison nsludas a yeltags, doubler
and a pol yphase notor for 400 V,§NQ) supplied with ‘
reglilyingn eirgiib A D heonpesigp Hasm gy Pt eY svistenuippwen shpnlyidd). and a
of designing a-current supply circuit according to the
palyrhesg imiertes ciacuihédd) ddcloflingesrighiconpeationof éwo swipphing elements
circuit (22, 32, 42) applied with an AC voltage of a
hgyingde besrkd aved veltdge of i 1260 Wafareeavio bhasg cartidoowpttfing aa AC current of
pol yphase AC current to a pol yphase 20 | oad (M2) of a
caph phlast drom Aedde aftthel sqpizaednnettien.current supply circuit
includes a polyphase inverter circuit (42), the
pol yphasewitohiap tRineat isCi IGETEtMetNbr SRih§s. connect i on
of two switching elenents for each phase, and

out puUtPkéfBabINehAGoRA 8MIbIQ! reBRS AP BRSR: ahd UR BoBBHARe inverter

~ of the series connecti on.

circuit are modularized.

A polyphase drive circuit according to the invention includes the current supply
circuit according to the invention, and a polyphase motor for 400 V (M2) supplied with
current from the polyphase inverter circuit.

A method of designing a current supply circuit according to the invention is a
method of designing a current supply circuit (22, 32, 42) applied with an AC voltage of a
pfedetexmined effectiye value Voltage to output a polyphase AC current to a polyphase
load (M2) of a predetermined rated power. "fhe current supply circuit includes a
polyphase inverter circuit (42), the polyphase inverter circuit including series connection
of two switching elements for each phase, and outputting the AC current of each phase
from a node of the series connection.

| A first aspect of this method includes the steps of (a) setting a current value as a

rated current value of the polyphase inverter circuit, the current value being obtained by




10

15

20

25

A first aspect of this nmethod includes the steps of
(a) setting a current value as a 25 rated current

val ue of the pol yphase inverter circuit, the current
val ue being obtained by 4 dividing the rated power of
the pol yphase | oad by a-voltage value being tw ce the
effective value voltage (S21), and (b) selecting the
switching el ement having a second breakdown voltage

diviBeg tien rithe poe df Al TRRphYRl Had Ec;ha ﬁ&faged/ameee&ﬁg\wce the
vol tage being twce a first breakdown voltage

eff@euE MR Ololth e f(§2’!‘)} &l %s%ie%@ Ehevm&#nlﬁxcgg‘?m\ﬁghtt ﬁﬂ?lhgga second

obt ai ned by pertorm ng | -wave recti lon o
L ¢ _ . . Lt _

SOk 8L ol R G LB N EELAEH Gl b
tWiéd H%rgtoblreﬁgﬁtvdnfsﬂtﬁa%é r'} Lﬁreﬁzog‘ztge gwea/tgﬁtntggez‘erﬁ%ﬁ [}Yelgetln a DC voltage

supply crrcul C

i f 0 | L.cUi 22 farmn ol e doubl er,
ok ¥, BPReGIEE i BRI, P 8 pROgeli@minamut 1o the
gffective 10 val voltage to output a rectified
p%%‘f}iageggw?%ertc‘r'fgmgé%ahase inverter circuit (42). The
switching elepent is an | GBT el enent, for exanple. |In
a secgl%@ %‘g ﬁ@gggeo?é %FI grsdeterBicd ellgesiegyalvry veltaga is asingle phase,
supply circuit according to the invention, inthe
angy thy qugpntssupplyecisatihButher inglusies 8 vajtage dowblenrectifiing wircuit (22)
circuit according to the first aspect, as a sw tching
perfosgingrivojtags deyblesfregtification en therAC iyohtegesefshe predeteBnined effective
swtching elenent is selected in a range with | ow
valugr vpligge fromspy a(rBevi{edniptagatotthepolgplede inuerteecitcuvaéRie.
In a third aspect of the nmethod of designing a current
suppl Yheiswitchihg abamntisag IGBT dléaentnfoeska@ple. t he step
(b) of the nmethod of designing a current supply
ci r cuilt a3dewnd dipgt of the bivthBlRTIRE g AP @Curfelt §djh?fy circuit according
i ncludes the steps of: (b-i) setting turn-on |osses
to (ths ivastior, BOtHeSWep (B) oP &L the@bddyN A& Enih OIS ERnPIWply circuit
required in regard to the switching elenment and the

acBMdIneNoNBe fifeA4RRE ¥s ﬁfs%hﬁgefﬁe{aﬁeﬂc@vﬂv&)%ﬁ th@fbekBr Bbreases, the

sel ecting the switching ele
switching element is selected in a range with low turn-on losses (Esw(on)) in the rated

current value.

In a third aspect of the method of designing a current supply circuit according

to the mvention, the step (b) of the method of designing a current supply circuit according

to the second aspect further includes the steps of: (b-1) setting turn-on losses (Esw(on) =
Esw / 2) based on dynamic losses (Psw) required in regard to the switching element and
the switchipg frequency (fsw) of the inverter; and (b-2) selecting the su{itching element
that has the second breakdown voltage and produces almost the same turn-on losses as the
turn-on losses in the rated current value set in the step (b-1).

The switching element is an IGBT element, for example. In thé step (b), an

increment (AEsw) of turn-on losses in rated current value of the IGBT element having the
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that ‘has the second breakdown vol tage and produces

al nost the sanme turn-on |osses as the turn-on |osses
in the rated current value set in the step (b-1). The
switching elenent is an | GBT el enent, for exanple. In
the step (b), an 25 increneq} (AEsw) of turn-on

| osses in rated current value of the | GBT el enent
having the 5 second breakdown voltage with reference

sdcBnd BeAk @il OS18@8 withlobfdréhcbab @ehn N 1061t (VB MGaRll cubb value of

| GBT el ement having the first breakdown voltage is

tHdg BB edentthading! RO First %E%kgﬁﬁ?%ﬁfta%egié By 148 &i\%]s?r, the product

-AVi ce) bel ng obt al ned ract an 1 ncremne
of Y08 PSR Y L e M Ly 1 B
e FEAE TRtk Wik Y o BT AR b e o
SRR Re TP P bR e B Bt S o e
sa%ﬁéﬁoi s .defined as a dividend, The | GBT el enent havin

LSS HRERIGWEYS (CRhe! arsowpytesert qfﬁh%wvaﬁ@dn%enns of
(fsw) of the

W th | ower switching frr(g%uenar(i‘(}gi ,
- sipyspidal 3iave.Raf (Fhé Lo diidefinggtasianeiaidsyd.oi ThediGRT elenent having the

di vidend by the divisor. 10 Alternatively, when the
seeoird brgakdayppygitage i salectgdint dneareq mathuallosven swisthiag drequency (fsw)
doubler rectifying circuit (22) perform ng voltage
oftbeiiriverten thent th iresaltiobrrimad hyhdividevibe Hagdend bytthedivisor.
predeterm ned effective value voltage to output a
rect i fAlednatoklyagien thetduerepiodupphaseuitifonksr iwludds tacusithge doubler
(42), the switching elenent is an | GBT elenent. In the
restifying( dijounita@2) perturaimnt ollAEsisliblervddiifiphlicedorbiheaa fasitage of the
of (2 / ;r), of turn-on losses in rated current 15 :

.pr\é@ét@tﬁ]iﬁ?éd tffectiveBlaled G0BMde RRVGuipat thEcBAEP rii‘éllt%ee @d‘n WVBolyphase
i

voltage with reference to turn-on |losses (E

inb @t kifeuitr @D, MalsWaichihg (dMnd(Hl £l RIBDLIlAN NI ﬁl%astep (b), an

first breakdown voltage is defined as a divisor,

in¥@h1egt (@Es@ﬂ; h'gﬁsﬁ Iiglﬁnl% %Eé’cit(qe&d@ A b@déf‘lt&ﬁ-oga%ss*és E{%é ted currént

AvVce) ‘lcp tal ned by I ng losses
i [ u ' o] t oubler .
0L KTl OB MR,y e
tuﬁ‘f’-‘!)ﬁI foissed (ﬁﬁf lcl)rlnr(ejlte\c/_i%luyrgﬁt V%ﬂ.ge & the IGBT element having the first breakdown
voltage is defined as a divisor, a value is defined as a dividend, the value (Pd + (VL —

AVce) - Tep / 8) being obtained by adding losses (Pd) for one diode included in the

voltage doubler rectifying circuit (22) to the product of a first value, a second value, and a

third value, the first value (VL —AVce) being obtained by subtracting an increment

(AVce) of a saturation voltage of the IGBT element having the second breakdown voltage

with reference to a saturation voltage (VL) of the IGBT element having the first

breakdown voltage from the saturation voltage, the second value (Icp) being a maximum
value of an output current of the inverter in terms of sinusoidal wave, and the third value

being (1 / 8), and the IGBT element having the second breakdown voltage is selected in
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20 third value, the first value (VL -AVce) being

obt ai ned by subtracting an increnent (AVice) of a
saturation voltage of the | GBT el enent having the
second breakdown voltage wth reference to a
saturation voltage (VL) of t | GBT el ement having the
first breakdown voltage fromthe saturation voltage,
the second value (lcp) being a maxi num val ue of an

- aroaeP withaUbiweniwiedhindBed RYEY g@m bﬂth%@ﬁxf&te@fhaﬁimahﬂ%téined by

-wave, and the third value 25 being (1 / 8), and the

dividilo B avedhd M \hdgivisae second breakdown vol tage is
selected in 6 an area with a | ower switching frequency

13, 88 P LR, SR 0 i g
to3fe ﬁ%}ilt(i)gn ttl{é%g@{el? %?% ﬂ{e s%&hﬂl%kfﬂ%gﬁlm%é’vﬁnstet ISOUPEi-I¥ gL lsess in the

Cl rcul accordi ng he 1’ nv el nverter

50 LA SHRSHSIEN Pk SR,
oo O RSP0 3RS oAyt Dortin o

according to the first to fourth aspects, th
firsy (iR b BeedrigRnipsd Glecte Ve Faltizods %@0 ngnd the first
the first breakdown voltage is 600 V. Wen a
mﬁ%ﬁ?ﬁﬁé@gmﬁﬂségpﬁ%nt is obtained by an inverter based
on an AC 200 V 10 power supply, |osses can be reduced
by enpVisp spelaphiese .G oyreBriscbiginet byan inyert¢rebasehon andC 200 V
supply circuit according to the invention. This in
power supply olessdsoweds: reduesct hormiptoying pd29PHasEBAr ¢lement as in the
circuit including the current supply circuit. By
cunedusupplyzdirgittabeordvigttatle: doatiionr Tt inftyrinradlooss lasséd reduction in
and the pol yphase inverter circuit, the lines between
a pdiephass rivendrduittindluding Mt duereatdupplindicags wi th a hi gh
15 breakdown voltage. According to the first aspect of
the myyhaddefaridig GRi R6ltdeCHGURE reeHPRhY el Wdd Hf polyphase
the invention, a voltage applied to a pol yphase | oad :

inb&er REchiD Ghe RBEAbLWeEE tH¥h are insulated from the surroundings with a high

breakdown voltage.

| According to the first aspect of the method of designing a current supply circuit
of the invention, a voltage applied to a polyphase load can be increased twice by
increasing the breakdown voltage of the IGBT element twice, and the rated power of the
polyphase load is not deviated by reducing the rated current value by half. Moreover,
when the breakdown voltage of the IGBT element is increased twice, the saturation
voltage across a collector and an emitter does not reach twice as much. Therefore, when
compared with an IGBT element having the first breakdown voltage, an IGBT element
having the second breakdown voltage can be selected to reduce static losses (IcpVee(sat) /
4) with the same dynamic losses (2Esw(on) - fsw/ 7x).

According to the second aspect of the method of designing a current supply
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I ncreasing the breakdown voltage of the | GBT el enent
twice, and the rated power of the polyphase |load is
not devi ated. by reducing the rated current val ue by
~hal f. Moreover, 20 when the breakdown vol tage of the

| GBT element is increased twi_ce, the saturation

vol tage across a coll ector arld an enitter does not
reach twi ce as nmuch. Therefore, when conpared with an

citdaB oreh& WRRLL AR A Byidafic Tddsad %?sg‘@;rgg 5 \70%2 39%he FOBT element

| GBT el ement having the seco wn vol tage can

‘ caa%e%eéﬁeaed to reduce static |osses (lcpVce(sat) / 4)
with t '

e same dynam c | osses (2Eswon) fsw/ 7r). 25
Accor dj 0 pe 0 e et hod of .
oo o igh b bRACEESCRANARPEE el toBTraRALR Biepis twice, the
he.dynam ¢ | osses (2Esw(on) - Aw./ of the | GBT,
s PRI O R E (HOEROY Gk, Aty dloetiioh Mo e g much.
the. | GBBT el.enent i s Jincrease wice, th sat.uration
TRAEFip Ly @Ceqififg stoqthe SPFL G hdhe Mg poACHGRE dofurrent supply
.reach tw ce as nuch. 5 Therefore, according to the
cifogty of é@%é&’fené‘f)nvt RECHesHRRRTeH Wls i gniHgTaclementehaving the first
suppl'y circuit of the invention, when conpared with an
brealidowa) enttege. ARVGR] elsment heving hhe serndnbizekdavge volinge can be
| GBBT el enent having the second breakdown vol tage can
selpsted de reslucestatiolossed (spVet(aat) £4) with 8w saifie gyvatisdodses (Zswion) -
with the same dynam c | osses (2ESw(on) fsw/ 7r). 10
fswd gorrent 1 GBT elenents, the turn-ori losses in rated
current value set inthe step (a) for the | GBT
el emett chawmitngGBTheleseannthebiaakal dyvievial fak@decurenn Oblue set in the
greater than the tumon |osses in doubled rated

stepUay B2 the/MIBE eReient iaviltahs t@Rnd Bleak@wl HEltdeER R LR  than the
having the first breakdown voltage by 0.4 mJ/pul se or

D6 losIdiemed bfod ARAOEH AL vhRetBein {HRWd] gzﬁsf@? te RGBT element
the nethod of designing a current supply circuit o

hab g thORAR bi@Rdowed %ﬂtage i)? Ol.épﬁﬁf?ﬁls.@ 3 gfo?éj. upﬁgrggreaaccording to the
greater anount than dn fncrease 1'n dynanic lossées by .
fofaiil Liﬁ:)éb{]gf the method of designing a current supply circuit of the invention, static
losses are reduced by a greater amount than an inerease in dynamic losses by employing
the TGBT having the second breakdown voltage than by employing the IGBT having the
first breakdown voltage, to be reduced as the whole losses in the IGBT element.
These and other objects, features, aspects and advantages of the present

invention will become more apparent from the following detailed description and the

accompanying drawings.

Brief Description of Drawings
Fig. 1 shows graphs indicating the relationships between turn-on losses Esw(on)
and a saturation voltage Vce(sat) across a collector and an emitter in IGBT elements

having breal__{down voltages of 600 V and 1200 V.
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the I GBT having the second breakdown vol tage than by
enpl oying the | GBT having the first breakdown

vol tage, to be reduced as the whole | osses in the | GBT
el enent. These and ot her objects, features, aspects
and advantages of the present, invention will become
nore apparent fromthe foll owl ng detail ed description
and the 20 acconpanying draw ngs. Brief Description

of Dr amp8gs t&isUare lgrafiRaehoiap e drbgiiRtd NYist f irable o employ a
relatlonshlps bet ween turn-on | osses Esw(on) and

hizRBHAdbRA-ORA. @g&né{ﬁe(sat) across a coll ector and an
emtter in | elenents 25 having breakdown voltages

f 60 %d ] hs showi
gn ar g%g\l\ﬁ er ehlg‘t%ha}llt %%S@tg‘%l ae%te{h%g Sr?'pf)l%%%glgﬁlg% RAPHS circui

a&ioﬁhﬁ?{oetﬁgﬁ%%}lt\frw*? e element. Fig. 6 is a flowchart
iTTustra a net

‘of designing a current supply

circui ccordln to the ent inventio
is a clfli%cﬁ I 2 sy diera b ERrn g e pRiag, b‘#&qﬁﬁ using an
hn| usi |nverter according to the present
mlV Cliints 1ng,§9&%;§eqe§t BVeYO-ui t di agramillustrating
“the c uration of a three-phase voltage doubl er
circ uiol{] st ciguit diagramm gllustraing therranfigyration of ythrecphasg voltage
a_nodule structure. 10 Fig. 10 is a flowhart
doubles$irediti ng a net hod of designing a current supply
circuit according to the present invention. Fig. 11
i s a drhaphisgivssnectional dewallviatiag b modslechsictuabl e t 0
enpl oy a high-breakdown-voltage element. Fig. 12 is a
ci r cuilig.dilag adlovichbu Stusatiimga medﬁrd\kﬂ"mlemgﬁmg a current supply circuit
current-suppl yi ng
according to the present invention.

Fig. 11 1s a graph showing an area where it is desirable to employ a
high-breakdown-voltage element.

Fig. 12 is a circuit diagram illustrating a conventional current-supplying

_ technique.

Fig. 13 shows graphs indicating the relationships between turn-on losses and a
saturation voltage Vce(sat) across a collector and an emitter in IGBT elements having a

breakdown voltage of 600 V.

Best Modes for Carrying Out the Invention
A: Basic Idea of the Invention
The basic idea of the present invention will be explained before giving detailed

descriptions of preferred embodiments. This idea is of course part of the invention.

(A1) Losées in IGBT Element
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15 technique. Fig. 13 shows graphs indicating the

rel ati onshi ps between turn-on | osses and a saturation
vol tage Vice(sat) across a collector and an emtter in
| GBT el ements having a breakdown voltage of 600 V. 20
Best Mddes for Carrying Qut tye Invention A: Basic

| dea of the Invention The basic idea of the present
invention will be explained before giving detailed

descr i dofngg &f ther Bhee- mtlsﬁm%mwéﬁ dottinént cﬂ%ﬁe t&aqssses PQ

course part of the invention. 25 (Al) Losses in

1nE1h% A} of aﬁqgquél%eﬁtoaﬂe% ulQ s %ﬁtdf%%ﬁc}g ? Pg% eaBEl dynamic

docunent 4, the total losses PQ In

R R By 9, U0 BBl AT CBRER AR s
p&® arezgrgrags%g[)%%&h%%sn%zzfsg @Ed dynanic | osses PSWare

expres d (3). 5 [Nuneral 1]
PQ=PS (1) [Nuneral 2] 10 PSS=lcpVice(sat) 1 f
si n2X. Hg}ﬁ?§l6)Ddx 1r 2 = lcp Vice(sat) ( 1 + D.
cos&) (2) 15 [Nuneral 3] PSW= (Eswon) + Esw(off))
fsw 1 f sinx dx 2)T

PQ = PSS + PSW (1)

[Nmﬁeral 2}

1+sin(x+6)-D
2

dx

PSS =Icp - Vee(sat) A fsinz X
_ 2z
D _
= Icp- Vee(sat) - ( +—cost9] =(2)
3
[Numerat 3]
PSW = (Esw(on) + Esw(off))- fsw - ZL fsinx dx
V4
= (Esw{on) + Esw(off)) - fsw - L »(3)
: T
Introduced into the above Equations are turn-on switching losses Esw(on) per
pﬁlse of the IGBT element, turn-off switching losses Esw(off) per pulse, a switching
frequency of the IGBT element (namely, a carrier frequency of an inverter for which the

IGBT clement is employed) fsw, a maximum value Icp of output current in terms of

sinusoidal wave, a saturation voltage Vce(sat) across a collector and an emitter of the




_ (Esw(on) + Eswoff)) fsw 1 (3) 20 Introduced into

- the above Equations are turn-on switching | osses
Esw(on) per pulse of the I GBT el ement, turn-off
switching | osses Eswoff) per pulse, a swtching
frequency of the | GBT eIenenH (namely, a carrier
frequency of an inverter for ®hich the 1GBT el enent
is enpl oyed) fsw, a nmaxi num val ue |cp of output

IGRT eRient, ButyeDMEndof pedver FhoibiSs 0 BF tHe\i§out SinféHidd] JalvOn
~vol tage Vice(sat) across a collector and an emtter of

the 10rJ-EBT i l:&ﬁﬁ:{&ati.oga stdtic 188Es EP]ZE g}r’@ rfrr?g 30Rfin £ IR Ps typically

of the output sinusol wave. Furt

' RS han tati sges PDyj lin

o B oe B PSR b B T SFepl R 8 rgoscd by

. e lLenentare expressed by . Equation (4 .

Elpdioft8) © eSbeE SRR PR R F L ERR TR oot fipEPed B9 Bauation
xpr essed by.Equation ),.where a forward voltage - X

(537‘%“%%’%%‘?1"&#’@693% ‘éﬁ? ‘Hﬂﬁ%e&ﬂn“fﬁﬂ e %mw value lep is

. Ic&}i a introduced. [Nureral 4] PA = PQ + PD = PSS +

ME8MEIpD  (4) 10 [Numeral 5] PD=lcpVecl 1 - D coso) 8

32r 1?w|t has been known experinentally that the

t ur n- JRUEIEF3 i ng | osses Esw(on) and turn-off

swtching | osses Eswoff) are al nost the sane, and

that the saturation voltage Vice(sat) across a

collector and an emtter of the I GBT elenent and the

forward vol t ag@A TIPQp- MBC R3S t REW riD wheel4)ng di ode
are al nost the sane. Thus, Equation (4) can be

[Numeral 5]

PD=Icp-Vec-(%-%cos€j =+(5)

It has been known experimentally that the turn-on switching losses Esw(on) and
turn-off switching losses Esw(off) are almost the same, and that the saturation voltage
Vee(sat) across a collector and an emitter of the IGBT element and the forward voltage
drop VEC of the free wheeling diode are almost the same. Thus, Equation (4) can be
expressed as Equation (6). |

[Numeral 6]
2 I
Pa= (—;] : Esw(on) -fsw + (Z) ‘Icp-Vce(sat)  -(6)

In the present specification, therefore, the first and second terms on the right

side of Equation (6) shall be referred to as dynamic losses and static losses in the IGBT
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expressed as Equation (6). 20 [Nuneral 6] PA=1
~Esw(on) fsw+~1 -IcpVice(sat) (6) In the present
specification, therefore, the first and second terns
on the right 25 side of Equation (6) shall be
referred to as dynam c | osse 1and static losses in the
| BT 11 el enent, respectively. (A2) Rated Power of
Load and Breakdown Vol tage of | GBT El emrent The anobunt

clefneMOFdspRYivalyl 0ad supplied with current from an

inverter is "5 proportional to its rated power. Put
anot her way, two | oads having the sane rated power
can achi eve al nost the sane anounts of work. For

ot O g ey fo%f[h%é@t%%@?%ﬁn4%ﬁﬁg%£§?3ﬁ

QZY%” Hagepany of ra;x}gi’g Z‘e%érﬂé}rff}ewqﬁfvgmfea R ipverer s
. t

Pﬁ%ﬁf’?@a%lrtgsl&s%“at%ﬁ oo AR 5UaE a8t Rg gt POe i s power

vol t ages _of ads to achieve that ampunt of work can

,C%leac Ieé’é‘EnQEF A, RRAFPECTOMOFK: eddB PSS, ByRpipd Baving a rated

osses in | GBT as expressed by the first termon the
Vqltagﬁ of 309 apd a nejorbaving ¢ Wedav@tagﬂ @& A% Yeem, when having the same
rated voltage of a load. On the other hand, the static -
rajeds pewer of | 4587, heveerlsrast el shyet prodswcehtortier andrthe mmber of
right side of Equation (6) depend 15 on the rated
reyolutiagrescolong ab vaidin b beusisexfithe caingy., Tt s, iosgsrdatoehe amount
requi red of the sane anounts of work, the current
ofrebrke rdqiRed,sthie maied selltyggr e tvats emakhitee the anbedof work can be
vol tages of the |oads, and thus the static |osses are
sebdcsed witly g de@ky offredord i onal to the rated vol tages of
the | oads. However, when the | oads have different

rat ed Rl dyng@sc RkdB W UBBMANIRPrekf by the first term on the right side of

- Equation (6) are independent of the rated voltage of a load. On the other hand, the static

losses in IGBT as expressed by the second term on the right side of Equation (6) depend
on the rated voltage of a load. More specifically, when loads are required of the same
amounts of work, the current value ICP is inversely proportional to the rated voltages of

the loads, and thus the static losses are also inversely proportional to the rated voltages of

" the loads,

However, when the loads have different rated voltages although having the

same rated power, an output stage of a current supply circuit for supplying current to the

loads, a polyphase inverter circuit for instance, has different breakdown voltages. In the
above example, when using the motor having a rated voltage of 200 V (rated plower of 2

kW), an IGBT element having a breakdown voltage of 600 V is employed for an inverter.

- Accordingly, when using the motor having a rated Volfage of 400 V (rated power of 2

kW), an IGBT element having a breakdown voltage of 1200 V shall be employed for an
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20 sane rated power, an output stage of a current

supply circuit for supplying current to the | oads, a

pol yphase inverter circuit for instance, has different

br eakdown voltages. In the above exanple, when using

the nmotor having a rated voltgge of 200 V (rated power

of 2 kW, an |IGBT el enent having a breakdown voltage

of 600 V is enployed for an inverter. Accordingly,
inMager, usi ng the notor having a rated voltage of 400 V
(rated power of 2 25 kW, an | GBT el enment having a

br eakdown vol tage of 1200 V shall be enployed for an

12 inverter. (A3) Inprovenent in Static Losses The

static ' IR nt are inversely
propor?%%zgﬁﬁ?%&fﬁgnFﬁ?%&ﬁkggsoltage of a load, as ‘
descri-pgd ?t%)@ Yc%ses-rilﬂear? g@IB'TI‘CeIL' ?%gaslre 'iﬁverarrsé%rl])% %{nge’tllqergﬂe % the rated

are therefore | nprove an el e !

b L M A L YR T S —
. "hi ghs -vol t | " ti )
oL GO RL 305 2SR D el YA 1ot i

- less, tha -fol d. en. the dynam¢ losses in the »
ml’fftljﬁl-eﬂ #é@!éﬁ%\ﬁﬁ?g%ﬂ HX\Shggr@feéTfQﬁ@ 3 aah@ﬁ@aiﬁésﬁowa-‘f@}tazee@lgment ) has a

than the 10 dynamc losses in an | GBT elenent that is

setwatioy yaltags dere(sanraserss @ovrdiesion aad ansmitigriadlessahamk-fold.  When
referred to as a "| ow breakdown-vol tage el enent"), the

the slygamicplgssen in e bigbibeeakdpwn-velltage elemanteart regualviecorasss than the
wel | . Even when the dynamc |osses in the

dyriagrhe beseeskidanwlGRIl ¢lagentethensrempowed widggesrntah aonditiens (hereafter
dynam c | osses in the | ow breakdown-vol tage el enment,

- alshefoinal © ds @s'$es-brehbddn-anRagengiernsiat), iHe 1bdses PAGHeRERhole IGBT

is conpensated for by a decrease in static |osses. _
elSmety drofsgevedgbuedll. ons as the sum of static | osses and
dynam c losses will be described later. In this

sect i GvenawHes glie ﬂfﬂz@xﬂcﬂo_‘sﬂes big B VIgEh-BRIaRlYwRkoRageA88ment are
where the dynamc losses in the

bitE'%&h:hEH SRk R>|s§e_§gﬁttﬁée W—BF@&&M@BIt&g@ ddIReR AR Aole losses

e dynam c losses in

'PA are improved if the increment is compensated for by a decrease in static losses. Such

- losses reductions as the sum of static losses and dynamic losses will be described later.

In this section, a description will be given mainly of a case where the dynamic losses in
the high-breakdown-voltage element are set to the same as the dynamic losses in the
low-breakdown-voltage element.

Fig. 1 shows graphs indicating the relationships between the turn-on losses
Esw(on)l and th¢ saturation voltage Vce(sat) across a collector and an emitter in various
IGBT elements having breakdown voltages of 600 V and 1200 V. The graphs L3, L4
and L5 for low-breakdown-voltage elements correspond to the graphs shown in Fig. 13,
i-espectively. To incorporate the influence of the current value Icp, turn-on losses -

Esw(on) per pulse are shown_upon passing a current baving an effective value of 20 A
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| ow br eakdown-vol tage el enent. 20 Fig. 1 shows graphs
i ndicating the rel ati onshi ps between the turn-on

| osses Esw(on) and the saturation voltage Vice(sat)
across a collector and an emtter in various |GBT

el ements havi ng breakdown voH%ages of 600 V and 1200
V. The graphs L3, L4 and L5 for |ow breakdown-voltage
el enents correspond to the graphs shown in Fig. 13,

@ﬁgﬁg@gﬁ}yggy(AFp i ncorporate the influence of the
e

current val u cp, turn-on | osses 25 Eswon) per pul se

Vel uo o 208, BRT e, B et 70 S ooy W AR genertion
R e P B0 e L 4200 . rspcctvel.
ASEERS (B L SEHER B, Ol g oM, bLHTIRE Mlfrekaovm-voltage

hal f. t.he |.ow breakdown-vol tage el epent, shown in the .

615?18%%}103{%1“5 Ha ?8%?%&%@%ﬁ§WGBﬁPWPW§ a&“”emq“a"mg an
urrent. having,a effective value of 10 A (nanely,

oGt E Ve B 9 Comaly’ 16 ol h (i a it igadh FP hows tura-on

| osses Esw(on) per pulse when the |load has a rated
logtsidswirm) agioutlseevbendhy londeas esatpdipovier afisbortfi.? BW.

generation hi gh-breakdown-voltage and

| ow br¥hted okpmpaiinggéhe| éhisht genstition t frégh-bneakdomvn-voltage and

- | osses Eswm(on) being set to 1.12 10 (ml/pul se), for

lownbrealiosn-tditagt elerhengs kebhwthe dinage lesesrEaw(dm et aet to 1.12
saturation voltage Vice(sat) of 2.3 (V) can be

| (rolfpdsenefdr iGmntéethotdvedbréskdownivbRage element having a saturation voltage

hi gh- breakdown-vol tage el ement having a saturation
Vuebdtpge 2B 08)( st he abtathed. (¥h tanthe b aihkedgh-Brdkidvinsvoltage
characteristic value does not reach twice (= 1200 /

el hdigng al Hudfioh %ha%@\wde(s@akslpm Y0 tagehLLBIRRY, and this
Therefore, a high-breakdown-vol'tage el enent capable 15

cHafactdREOVIAMe { BSesS Rt | feablPSBHSe W M Jdoe /SB) dhBaRhGe of the

| osses can be obtained, thereby "formng.an inverter
loW-lBIj@aﬂcBWnl-‘Rﬁégé element. Therefore, a high-breakdown-voltage element capable

of improving the static losses with the same dynamic losses can be obtained, thereby
forming an inverter with low losses.

When comparing the fifth generation high-breakdown-voltage and

~ low-breakdown-voltage elements, with the turn-on losses Esw(on) being set to 0.56

(mJ/pulse), for instance, the low-breakdown-voltage element having a saturation voltage
Vee(sat) of 1.35 (V) can be obtained. On the other hand, the high-breakdown-voltage

element having a saturation voltage Vce(sat) of 2.4 (V) can be obtained, and this

characteristic value does not reach twice the value of the low-breakdown-voltage element.

Therefore, a high-breakdown-voltage element capable of improving the static losses with
the same dynamic losses can be obtained, thereby forming an inverter with low losses.

In such ways, when a comparison is made within the same generation, an output
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When conparing the fifth generation

hi gh-breakdown- vol t age and | ow breakdown-vol t age

el enents, with the turn-on | osses Eswon) being set to

0.56 (mJ/pulse), for instance, the

| ow- br eakdown-vol t age el enenty, having a saturation

vol tage 20 Vice(sat) of 1.35 (V) can be obtained. On

t he ot her hand, the high-breakdown-voltage el enent .
viitage rogn ches mitfcnaagd bp inakasige thd beshkddyn ablt2gedof ¥ IGBT element.
-be obtained, and this characteristic value does not
Acveadihglywindth theeloudlhaeingfa thigstdnowatod gRkeEVE ci@bitagebe output for

el enent. Therefore, a high-breakdown-voltage el enent

achip ity the dbsitelnMINNG! Wik Endld 1@dhQESRSthWeb{ redibB€ 1120 es in the
dynam c | osses can be obtained, thereby formng an

IGBP elchRint Whd s an0B& R fEOWhithSHE RGHEYSem¥iias ae?]hployed. This

conmparison is nmade within the same generati on,

alRMsRUEdddioGh iAdSteF fsdign 'gg?ﬁ‘gﬁ?%ﬁnéelﬁg ¥f &%@g?%&%&b&/@&neﬂtions,

br eakdown voltage of an |

| an}ﬁ'éﬁ@h&h@ffélg?H'chfééh%gﬁiaig&?ﬂ%{e?Eéssragtwqg %%\éve erns;iv?a I%gl:[r V\gl?{?ents of

esire nmoun

e outpu
guced, to thereby reduce the losses in the

I
pa%%?g%lngrrént and thus in an inverter for which the
| GBBT el.enent .L.s,e oved. ,This 5 allows a reductjon . in
i nver cgre|58%c§fggalliynngl[1%%r%qkéﬂgmv§)hage %E‘F’F’étﬁﬂﬁi/g = 2 can be selected
vai | abl e nerations, . and further_offers . )
o R rORGORHOD O BiMager (s 6 Tbe AV ofekipanis peses By required

elenents of  past generations. Mre specifically, a

of gn 4t Bl el ememim 29 srergeand ek isdivided bk a switching figguency fsw of the

. selected as follows in consideration of Equation (6).

imgxer, e dgiefingd agiimanen dossesBes(oms w Inegditioagdthe tgted power of a load

I GBT element in an inverter and a / 2 is divided by a

is ghideshbng Yolagaenby thiw B vohlege eifectivervaltoobe pdefer segbly and
as turn-on | osses Esw(on). In addition, the rated

thgrebyeto obtain b osakimus: dilué d chebyffertive lvahgeofviak watdudicGent of the
the voltage effective value of a power supply and

intdrer ghyted cuabhnio the MEErRHM YA U Bk itteeedfa@fld)VRr which the
val ue of the output current of the inverter (rated

m%ﬂubﬂejﬂﬁovﬁf-yilf@eie[wﬂn‘t &emplyed. | TheR BERBRBRIAIRY Ehage element
or I C e
may be selected that produces almost the same turn-on losses as turn-on losses in the

rated current of the inverter.

(A4) Compensation for Increase in Static Losses by Improvement in Dynamic
Losses | |

As can be understood from the first term on the right side of Equation (6),
dynamic losses in an IGBT element are proportional to a switching frequency fsw. Thus,
even when ther¢ is no other choice but to select a high-breakdown-voltage element whose
saturation voltage Vce(sat) is twi.ce or more of the saturation voltage Vce(sat) of a

low-breakdown-voltage element, the losses PA in the whole IGBT element can be
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15 hi gh- br eakdown-vol t age el enent .is enpl oyed. Then, a

hi gb- br eakdown-vol t age el enent may be sel ected that

produces al nost the sane turn-ori |osses as turri-on

| osses in the rated current of the inverter. (A4)

Conmpensation for Increase in,static Losses by

| nprovenent in Dynam ¢ 20 LosSes As can be under st ood

fromthe first termon the right side of Equation (6),
redyceRinl A bwisdfigg fréqueficy SR whef FRiHp saFfciBitBRHA1 ef\dberdsttes for an

a switching frequency fsw. Thus, even when there is

indfbald RQoneRERe iMuhtid Bsel ect a hi gh-breakdown-vol tage
el enent whose saturation voltage Vce(sat) is tw ce or

t i . .
o e ol idese el e g PR e o
pahole {@T@bﬁm\l\ﬁ:&e}%ﬁ an | Hent> f(ia?glli'(‘r‘se d Pr)1/ Ash%gq It %pulcﬂg the selected

frequency bei ng su Ci ent ; _
WERTRENSO ol Mreh SE5AE 58 GRTER IRRCF ot 14 Sgporaion
<GB AL B o B A h oo i
g R U R -

{/ef erence to the | ow breakdown-voltage el enent. To )
AVPy g5 psturation yplage iy aadSHtE plemsat (high-beralidowinioltass ehement) with
i.ncrement AEsw of turn-on | osses and an increnent
refeueneedp & et ernsintion| Gl elemeanh (logBhreakdomenvoltage element) have
. (hi gh-breakdown-vol tage elenent) with reference to a
mguencgs An deerveyishingrfraqeBRydbwmepabl¢ bbHredbeiag Kudwssey BIAtiaghe whole
el enent) have 10 influences on the sw tching frequency
IGBhelenpabl e of reducing the | osses PA in the whole
| BT el enment. From Equation (6), losses PL and PHin a
| ow brieadiypmativw (&) Agesee PRIt PIAMEl a low-breakdown-voltage element and
hi gh- br eakdown- vol t age el enent supplying the sane

higlobesakiowvbRad défler® e RpSIFERIhE%ame power to a load are expressed by

Equations (7) and (8), respectively. It is assumed for brevity that an inverter using the

‘high-breakdown-voltage element applies, when compared to an inverter using the

low-breakdown-voltage element, a voltage with k being doubled to the load, and supplies
a current with I’k = 1/2.  The turn-on losses Esw(on) and saturation voltage Vce(sat) in
the low-breakdown-voltage element are indicated as EL and VL, respectively.
[Numeral 7]
2

PL:(—J -EL - fsw +(i] -Iep- VL (7

T
[Numeral 8]

 PH= (;2;) -(EL + AESW) - fsw + (%] [%B] (VL +AVce) -(8)
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Equations (7) and (8), respectively. It is assuned for
brevity that an inverter using the 15

hi gh- br eakdown- vol t age el enent applies, when conpared

to an inverter using the |ow breakdown-voltage

el enent, a voltage with k beHFg doubl ed to the | oad,
and supplies a current with = 1/2. The turn-on

| osses Esw(on) and saturation voltage Vice(sat) in

t he | ow breakdown-vol tage el ement are indicated as EL
and VL, respectively. [Nuneral 7] 20 IlcpVL ... (7)
PL=r Zlﬁhfssél\ﬂ'dnlﬁtlﬁl AR P31 <29, 1§>|ékpressed b Equation (9).
=—21 (EL+AESW fsw+( 1) (I c 1(VL+AVi ce) .. (8) 16 Thus,
condi t N drdla) satisfies PH < PL is expressed by

Equation (9). "[Nuneral 9] .5 IAEswfsw (1] (VL - AVce)
lep <0 :. fsw<(161 (VL - AVice) lcp / AEsw... (9)

A tradeoff bet 2en bot h charﬁcteristic values in
regard to the 0 r egk ment is
appr oxi nat ed bfjéhgb o% ji:r%ﬁ%rgkﬁgfi 8 constants

A and B in Equation (10) are al nost 13.8 and -2. 39,
respectively, in regard to the third-generation

hi gh- br eakdown- vol t 2 éﬁé apd the constants A

a

and B in Equatﬂ%% f9slond ABSWARE) 2. 49,
respectively, in regar totheflfth generation
“hi gh- breakdown-vol t age el enent.

A tradeoff between both characteristic values in regard to . the
high-breakdown-voltage element is approximated by Equation (10). For iﬁstance,
constants A and B in Equation (10) are almost 13.8. and —2.39, respectively, in regard to
the third-generation high-breakdown-voltage element, and the constants A and B in
Equation (10) are almost 5.62 and ~2.49, respectively, in regard to the fifth-generation
high-breakdown-voltage element.

[Numeral 10]
VL + AVce = A - (EL + AEsw)® ~(10)

Figs. 2 to 5 are graphs showing an area whe;e it is desirable to employ a
high—breakdown-voltage element based on Equations (9) and (10). Figs. 2 and 3 concern
the third generation, and"Figs. 4 and 5 concern the fifth generation. Selected for Fig. 2 is
an IGBT element Q! having turn-on losses EL and a saturation voltage VL of 1.30
(ml/pulse) and 2.20 (V), respectively, and a breakdown voltage of 600 V. Selected for
Fig. 3 is an IGBT element Q2 having turn-on losses EL and a saturation voltage VL of

1.04 (mJ/pulse) and 2.34 (V), respectively, and a breakdown voltage of 600 V. Selected
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15 [Nuneral 10] VL+AVice=A (EL+AEsw)-B ... (10) Figs.

2 to 5 are graphs showi ng an area where it is

desirable to enploy a 20 hi gh-breakdown-voltage

el enment based on Equations (9) and (10). Figs. 2 and 3
concern the third generation,;and Figs. 4 and 5

concern the fifth generation. Selected for Fig. 2 is

an | GBT elenment QL having turn-on | osses EL and a
fediigirdas ao IGBGleteangmnt (3 lodvink, (3fh-of fedspullsa)d angudtidOvoliage VL of
(V), respectively, and a breakdown vol tage of 600 V.

L8Ol (adipattef a1d 1.Fi(Y), Bspeatitdly) &ddTa Blegl®ivn (Htdd8\0f 800 V. Selected
turn-on | osses EL and a saturation voltage VL of 25

fok o 5(i8¥h PGB @)eniidl (4 %lr{% -5 RREGIHIY S Ya s@fdtiéh voltage VL of
breakdown vol tage of 600 V. Selected 17 for Fig. 4 1is

038 (nFBlse) KA @B, f@ﬂéd‘ﬂi@e UL Qﬂremﬁaﬁgﬂg6ﬁ) \( Y.

saturation voltage VL of OO (mJ

respeqt,i é&ﬁrl ¥r vand ﬁgtglfxge@5%9}'%139\;1fcﬁﬁlgnf}fe%§%g%\fswgof the inverter

Sel ected “for Fig. e 0 54

{ . .
i #?35‘3%?3%@%%% Bt TR :?%VV%?wg Geligf b gl it =
sl bR PRt heg- e (el BT AR BBt equency

R afERe R Sor i e hERer ISP oibREe AESimon a renge with
turn-on osseaS &%9 put it further, as the swtching
%é‘ﬂi}é%‘?cii)ssqss g e‘é‘séaée PPt ok il awile fyrghes edegirgbly that the
gh- br eakdown-vol tage elenent in a range with |ow

IHFWHBA 6 95 BEDEEEEEY b Regaitve dnatosly cthe fumton lgssss Estv(on) in the
further desirable that the 10 increnment AEsw of '
highnbreakdowmyeltageb eclemeit ibee I¢wemshan thhe tururan dnssepsEbs in  the
Esw(on) in the high-breakdown-vol tage el enent be
lomobweakdomarvdltage tlgmentdn | osses EL in the

| ow br eakdown-vol t age el enent). When the swi tching

f r equékban the wwiitehihgkritjuenicyl Bisis 71 kidz o %36,5the aks&ecan be reduced
reduced substantially |ower than when the

substantiulpalstemtian ok hcdgte 4b @B BdkdoSmUsAtgd SBATH BSSe@egardless of

the turn-on losses in the high-breakdown-voltage element. The reason foi‘ this 1s as
follows.

As shown in Fig, 1,. a third-generation 1200 V IGBT element Z1 has turn-on
losses Esw(on) of 2.10 mJ/pulse, and a difference from the turn-on losses in a 600V IGBT
element Q1 of the same generation is almost 0.8 mj/pulse. A difference in turn-on
losses between the IGBT element Z1 and a 600 V IGBT element Q2 of the same
generatioﬁ is almost 1.06 fnJ/pulse. Fig. 2 concerning the IGBT element Q1 shows that
the losses are smaller in the IGBT element having a breakdown voltage of 1200 V when
an increment AEsw of turn-on losses is 0.8 mJ/pulse or less and ﬁe switching frequency
fswis 7 kHz. Fig. 3 concerning the IGBT element Q2 shows that the .losses are smaller

in the IGBT element having a breakdown voltage of 1200 V when an increment AEsw of
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: Z
they[qspes aas smalleroim the &R &

15 the turn-on losses in the high-breakdown-voltage
~elenent. The reason for this is as follows. As shown
in Fig. 1, a third-generation 1200 V I GBT el enent Z
has turn-on | osses Esw(on) of 2.10 mlJ/pul se, and a
difference fromthe turn-on |Lgsses in a 600V | GBT

el emrent QL of the sane generé ion is alnpost 0.8

mJ/ pul se. A difference in turn-on 20 | osses between

tub26n 105886 181 QUBANpulbe @N6ssand AR Wit ERE lféq%@ﬁéé{ fg@?@sz okihe

same generation is alnost 1.06 mlJ/ pul se.

concenfidgsé he ﬁ@gen%hﬁf&ﬁlnf 200 Vo heBT bRfHent tzﬁeg%samﬁﬁﬁ%n losses

are snmaller in the I GBT el enent having a break

SYELLR0° 30 ARG A0 oSG (5 BB B v

e or | ess

SERERRT Lk e e STITEINTD 4 R
' 1 V.
oSBT AR BTG Rl LSRR 1 2R 214200 M e

mJ/ pul se .or | d.the_swi tching frequency fswis 7
seppiztion 5 B30 i puien- §iind, RRFBHingsB0 GEK @sment Qithoves that
has turn-on | psses Esw(on) of 1.10 mJ/pul se, and a
Temsat g HrpekdoBp(oUagaTI200 V when
el ement of the sane generation is alnost 0.1 )
anpipeisgiese AEAWGPF fusp-ondessphist aimesbh.2 BIfpolss s lpsstandethe switching
the 1GBT elenent Z2 and a 600 V | BT el emrent Q4 of the
fregmemcyg@weis 4t kidn | Bigal wostering ehenliF il eeentg. shdws that the losses
concerning the 1GBT elenment B shows that the |osses
ararsealembn dhe iIGB{Theleh@BT hetiegen brdafdowy wlthgeakd@80 V when an
vol tage of 1200 V when an increnent AEsw of turn-on
intromemsAESw aif rtost-orD 1adsa3ls PLB0SRIBlsk &8 Sesangld tthe switching frequency
swtching frequency fswis 7 kHz. Fig. 5 concerning
fsiwhe? kBBT el enent 4 shows that the | osses 10 are
smaller in the | GBT el enent having a breakdown vol tage

of 1200m¥toriRBd 8t cohlpedsSRB Rl refiurRfis fr%fcﬁﬂ? Rol RYEES bBa quick

0.80 mlJ/ pul se or less and the sw tchi frequency fsw

reép‘ém?e t@i’ﬁanges in the number of rotations and torque, and causes no noticeable noise |

since a refrigerant compressor including the motor is often covered to be used. Thus, a

. low switching frequency fsw capable of realizing an inverter at low cost is employed.

For instance, a switching frequency of almost 10 kHz or more is selected for a motor for a
use that requires noise control. Meanwhile, a switching frequency is set to about 3 kHz
for an outdoor air conditioner unit that is installed outside and soundproof, and for a
reﬁigerator haviﬁg a compressor supported by a coil. In such. ways, the employment of
a high-breakdown-voltage element is especially effective for an inverter that supplies

current to a motor employed for a refrigerant compressor.

B: Description of Preferred Embodiment of the Invention

A preferred embodiment of the present invention will be described below,
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A notor used for conpressing a refrigerant is
typically not required of a quick response to changes
in the nunber of rotations and torque, and causes no
noti ceabl e noise 15 since a refrigerant conpressor
including the notor is often govered to be used. Thus,
a low switching frequency fsw capable of realizing an
inverter at low cost is enployed. For instance, a

takidgta3hinRGathpR ARy ePThabbupsiks diltrdilito HMmofR€ alcdmpressor of an air
selected for a notor for a use that requires noise

cddidmel. Meanwhile, a switching frequency is set to

about 3 kHz for an outdoor air conditioner unit that
is installed outside and soundproof, and for a 20
refrigerator having a conpressor supported by a coil

In su of a
high-g?%i@ﬁ%ﬁ%?gﬁfﬁggép%ﬁgﬁ%%t is especially effective

for an..inverter that..s lies urrent .ta_a notor .
enpl o;rlljel%' %/bsra go‘ﬁ‘él?alﬁi ]élgé%gﬁpgcao%&é’gsog esigiing,a qUytent supRly circuit
ggre{e red Enbodi nent of the I'nvention 25 A .
¥ 1°° BB RERE O VBReSSHftesigRing ibe BHTSRt speRy circuit, a
%Ecribe bglﬁmn 19 taking as. an exanple an jnverter
rafedaPOREp B P dNE URTtEhis Prrditerdinsd Bised Qothsr alilibr reuitgd of the
air conditioner. (Bl) Losses Reduction in Inverter 5 )
COMpRIESSET.i sAlgo Knewe Fadt effgative vahei vodfage Hof apch@power supply that is
designin%_a_currqnt supply circuit according to the
crppleechior drviagtthorr conditaanen insbudiig de siqen ang thhinveren thatt supplies
supply circuit, a rated power G of the notor is
cusreptitt the motwd based on the ability required of the
conpressor. Also known is an effective value voltage F
of an DGt powep SRUppipxinhah vakie wrapl edfeetvd audlof ¥ chgent supplied
the air conditioner including the notor and the

from\tee ineertéh@dtedeipfnt 6Sthe 1 cgwr)1ants db@idddehab®iE O the rated power G

First, at step S21, a maxi num val ue of an effective

ofVEleUgholr. @nd e Bfftctist PRIME FolthdeOm bend AEHbRkr (sﬁ?%l?.d This is
current of the inverter) Imis obtained based on e
spe@tiel P@Mmified by Equation (11).

[Numeral 11]
Im=G/F/k/+3 (1)

The constant k denotes a ratio between different selectable breakdown voltages

in an IGBT element, and should be the same as k used in (A3). With IGBT elements of

1600 V and 1200 V being selectable, for instance, k = 2.

Processing then continues with step S22, to set a switching frequency fsw based
on the followability and so on of motor control by the inverter. As described later, the
switching frequency fsw is reduced each time this step is performed.

Step 823 is then performed to determine whether the switching frequency fsw is
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of the nmotor. and the effective value voltage F of the
AC power supply. This is specifically determ ned by
Equation (11). 15 [Nunmeral 11] Ime@ F k/r3 ... (11)
The constant k denotes a ratio between different

sel ectabl e breakdown vol tageﬁ,)rg 20 in an |1 GBT el enent,
e

and shoul d be the sane as k din (A3). Wth IGBT
el enents of 600 V and 1200 V being sel ectable, for

aipR&lefRimed fiftindim PRIRE €556 BEmoREN BRMINIHES vitdeYs®b §Pselected so
S22, to set a switching frequency fsw based on the

tHaOtHeQWBR! follbwaiNe) Sfs GMhi a r ﬁrtg 139 rol by the

inverter. As described later, i tching frequency

fsw isp rcfégéffbﬁgré E?gg\freb'otﬁv%&ft % pggeiﬁge USRSk t?élﬂ%?ﬁl?%&é at step S23.

Step S23 1s't orne ermne whe U

A E e S RO LT ne o r LR el Pl WS in o
il fall vt hi

BB R B 5 1 s

ositive.determnation is de at step S23. _In such
el@%‘&‘é{- é‘*ﬁ‘é’ﬁ“@éﬁpﬁc 108 5% 83&%%? PSR SEbr the despectifet waghiges of the

whether | gsses PHin a 5 high-breakdown-voltage
10@&@%(@3—2 areeksrmined by gg%lggmgwapgu@ow—breakdow%—voltage elements

| ow breakdown-vol t age el enent. Although specifics are
anghyagioashigh-bsgakgowproltagrelementeact i ve nagni t udes of the
| osses PL and PH are determ ned by comnbining vari ous
| ow br¥hktowasitivt tetgunishidore it imadeaatcstaraB24 ysocessing then continues
hi gh- br eakdown- vol t age el enents. Wen a positive
witbstep fi2habidesigh therimetatea witt lagh-524kd o eelssic niernidiey
continues 10 with step S25, to design the inverter
Wi th WWhin bnegkide doteyiiatigr iehad®eat Sep mrpr@cdiﬁﬁgtréﬂiﬁls to step
determnation is made at step S24, processing returns
810 sAepan $R2undBsstEN fildeth WK Qb&HO LIk Adht fe<APMWRic 1dea of the
expl anation in "A Basic |dea of the

Invention”, the lower the switching frequency fsw, the likelier it becomes to design the

inverter using high-breakdown-voltage elements (see Figs. 2 and 3, for example). - Thus

_ the switching frequency fsw to be set is reduced each time step S22 is performed. Afier

that, a determination is made again at step S23.
When a negative determination is made at step S23, processing then continues
with step S26, to design the inverter with low-breakdown-voltage elemeﬁts.
| As has been described, IGBT elements to be employed for the inverter are
selected appropriate]y based on the rated power G of the motor and the effective value
voltage I of the AC power supply, which allows the losses in the inverter to be reduced.
Current that may be passed from a high-breakdown-voltage element to be
employed when designing the inverter with a high-breakdown-voltage elément is smaller
than current that may be passed from a high-breakdown-voltage element to be employed

when designing the inverter with a low-breakdown-voltage clement. In the above
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Invention", the lower the switching frequency fsw, the
likelier it becones to design the inverter using
hi-gh- br eakdown- vol tage el enents (see Figs. 2 and 3,
for exanple). Thus 15 the switching frequency fswto
be set_ is reduced each tine_step S22 is perforned.
After that, a determnation’is nade again at step
S23. When a negative determnation is nade at step

- efddle, RUAERIHA Gyt teeﬁasmﬂﬁrbrﬂuﬁéhlgmbt&k%ﬁﬁ-v%ﬁ@ge di@ment is half the

design the inverter with | ow breakdown-vol t age

ot Bt Smay \beN@st FRAND t%?ﬁib%ﬂdom&t% egl%ﬂtteﬁt.t R requires a

enpl oyed f'or the inverter are 20 selecC

A B
suppl y %‘s‘@ tﬁ{e r?%gﬁt oosts £ 3ndt0r V\f enhﬁﬁ]fé?grngnegr il Erter with

reduce > rren I I be passed
Eié%?ega?.&‘ﬁ‘%l TR TbPEF i ﬁfétlﬁﬁ(gfﬁﬁﬁtlser%wrﬁﬁ%ﬂ“}%eowr when
Lt ﬁraﬁﬁmﬁﬁi%mﬂ %2%%&&%@%(3 OB s bwice in

25, when de |ng the inverter with a
thE Fh0 Y5, il tr;r@r\@&tm -Yoltage glemisat Bapa breakdown voltage

, current that rra){ passed fromthe

oI A RGO breh late el arelemrs e redsdows wpltegetof 600 V).
that may be sent fromthe | ow breakdown-voltage
el emeRig 7T & citeyitidiagsam illystetingra abiqut-aveyiog tedheique with an
| GBT el enent, offering the advantage of cost

investhu @f demgnedfabover sé diadeebridae dahichlihadlgdesofoliagerdtubiier capacitors)
when designing the inverter with 5

2hapythet vetik aloWwe voltigedge vl geare affsctive hvameSA500 ¥ #oh@IndAC power
the rated voltage of a notor when designing the

supplyel, toera simdié-phaser T00evkgdown svsly, atefoahs WBRAge dsubRP rectification,

S26), which is twice in the above exanpl e (when the
anidi [gbvides ak goxtey ab haile aheMRiNap3R1cayiR e aKsNA . Vrﬁ’xlc{l@%% The

of 1200 V, and the | ow breakdown-vol tage el ement has

inbérRa ko oMde st 2 oRhe B8 oY two THAT e I’hélt@héwlﬁ%&l bteakdown voltage

dragrantlllustratlng a current- sup yi ng techni que

of8200 \BRor hOh LANE @% %e&bl ef&ggﬁpgfeacﬁ S}%iil'agedﬁorgra{ H98 of the

(whi ch i ncludes Vo paci
series connection to a three-phase motor M2.

As the diode bridge 22 includes tlte capacitors for performing voltage doubler
rectification, a reactor 5 is disposed on the AC power suﬁply 1 side with reference to the
diode bridge 22 to realize choke input rectiﬁcatton inFig. 7. Thus, unlike the smoothing
circuit 31, the smoothing circuit 32 includes no reactor.

It was established by experiment that when a motor of a certain rated power
produces a mechanical output of 3790 W in the vicinity of its rating, losses reduction of
28.5 W was found in the inverter 42 with respect to the inverter 41.  In addition, when a
motor of a certain rated power produces a mechanical output of 2770 W in the vicinity of

its rating, losses reduction of 18.5 W was found in the inverter 42 with respect to the
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22 applied with an AC voltage having an effective

val ue of 200 V froman AC power supply 1, or a

si ngl e- phase 200 V power supply, perfornms voltage
doubl er rectification, and provides an inverter 42
with a DC voltage Vdc via a E%Dothing circuit 32. The
inverter 42 includes series nnection of two | GBT

el enents having a breakdown voltage 15 of 1200 V for
isaak phase, and outputs an AC current of each phase
froma node of the series connection to a three-phase

ot or Mg g&%eﬁthﬁvﬁtﬁg% QB&I\?&FI@&O& Jggg %ﬂg:?x 4 Bfiole-phase AC power

capacitors for performn ol tage

SR I R v T e B A TR e il 00 Fis 8 5o

S FRLE 08T T O A2 i i
L B S

. produces. chani cal out put of 3790 Win_ the vicinity
isreplared Wi o, oo BRSSO AC RANIRE (HBHY o - 2p ity cipdinbridss, s replaced

Lh the inverter 42 with respect to the inverter 41. In
di ticdn bridgerda Thedide bridae 28ringludes tiresdeqpasitors for performing
produces a nmechani cal output of 2770 Win the vicinity
veifage slaubler rgetifingtion. o shgain e dlist ¢ase. ofDE roBagy wehiedterliha voltage
in the inverter 42 with respect to the 22 inverter 41.
daubéerprastiinatiomye uppliedi & dpplileatsr edhotia ahé ysmdegling circuit 32.
si ngl e-phase AC power supply is enployed, but when a
Thdreloes, fhasbréaeponed efeqtptan bes obtaied bgthpphiigg th8 préseat invention
circuit diagramillustrating the configuration of a
tot forme ¢heplasieerial widgkighOrdak @sweivb Bk slerRedflen conpar ed
Wth the circuit shown in Fig. 7, the single-phase AC

pover HiRkieslafd retiied FRIRGAS Wet dode Bﬂdg%ezpbs%?&ngi‘gg voltage

. power supply 13, and the diode bridge 22 is replace

doubld? réctiicafen Bahd9edidd bidpe ﬂ%ﬁﬁﬂg‘jﬁﬁ-\?&eir?&lﬂ&ﬁé& This is

three capacitors for perform tage doubl er

bdc8del dulneat %)a%@cd %gtge il [chlegr g1 leB(y-;s Ylgl)vts %g'gugh two diodes in

subjected to volt

.the diode bridge 21, whereas the diode bridge 22 includes capacitors for performing

voltage doubler rectification and therefore includes only one diode in a current path from
the AC power supply 1. Accordingly, looking at losses produced in a diode, the diode
bridge 22 produces losses only half as much as the losses in the diode bridge 21.

Applying to the above ekperimental example, when a motor of a certain rated

power produces a mechanical output of 3790 W in the vicinity of its rating, losses

reduction of 25.7 W was found in thé diode bridge 22 with respect to the diode bi'idge 21.
In addition, when a motor of a certain rated power produces a mechanical output of 2770
W in the vicinity of its rating, losses reduction of 19.7 W was found in the diode bridge
22 with respect to the diode bridge 21.

- The losses in the diode bridge are further explained in detail. Power losses Pd
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doubl er rectification is supplied to the inverter 42
via the snoothing circuit 32. 10 Therefore, the

af orenenti oned effects can be obtai ned by applying the
present invention to formthe inverter 42 with

hi gh- br eakdown-vol t age el enent,s. The | osses can be
reduced further by the diode bridge 22 perform ng

vol tage doubler rectification than the diode bridge

p&Idipde ¢anrbriestimbted by veMEodee bff {ts € volthBé 8rdpSVT and a DC current
because current passed fromthe AC power supply 1

Il wapst frb@ves diode OHabe tovan dhedRs. | I ddnsidRRuidh QFerdatifgg11), the
-21, whereas the diode bridge 22 includes capacitors ‘

p&@&r 18t paa}ertglculé@édt@%qﬁ%ﬁgﬁ%). rectification and
therefore includes only one diode in a current path
from Fnﬁj wer supply 1. Accordingly, |ooking at
| osses préﬁ%@gg in a diode, the diode bridge 22
produces | osses only half as nuch as the |osses in the
di ode bridge 21. Applying to the above experinental
exanpl e, when a notor of:@.QQ&{i%g rated 20 power
produces a nechani cal output ‘of 90 Win the vicinity
of its rating, losses reductjon~& 25.7 Wwas found
in the diode bridge 22 with™r 'pﬂ?’% t he di ode
bridge 21. In addition, when_a tor -of a certain
rated power produces a nech&rf?cdi- lﬁ)‘ut‘@gl of 27732)Win
the vicinity of its rating, |osses reduction of 19.7 W
was found in the diode bridge 22 with respect to the
di ode bridge 21. 25 The |osses in the diode bridge are
furthdp ﬂ@yguo% hadeei H prefaaming fdlwwavd we@sitip, WBerpenrrent passed
di ode can be estimated by the product of its forward

from| thadeC govpr Mpphntl abwd)E fows dmdughl G diotipuss desoribed above, the
di ode bridge to an inverter. In consideration of

poSepralobsen £rd Lhlculated topbavePdl o$re shePothar @ah | g uthat @dddwridge 22
‘Equation (12). [Nuneral 12] 5 Pd=Vfldc

peﬁoming voltage doubler rectification, where there is only one diode in a current path
from the AC power supply 1, the power losses are calculated to be Pd.

Thus, the selection between a low-breakdown-voltage element or a
high-breakdown-voltage element as an IGBT element in consideration of the losses in the
diod@ bridge depends on, using the losses PL and PH in Equations (7) and (8), which one
of PL +2Pd and PH + Pd is higher. Put another way, a high-breakdowri-voltage element
should be selected when Equation (13) holds true and a low-breakdown-voltage element
should be selected when Equation (13) does not hold true, to reduce the sum of the
;espective losses in the diode bridge and in the inverter,

[Numeral 13]

PL>PH - Pd (13)
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Vf '-32- Im=G (F-k- r2-) ... (12) 10 In the diode
bridge 21 perforning full-wave rectification, where
current passed fromthe AC power supply 1 al ways.
flows through two di odes as descri bed above, the
power | osses are cal cul ated L) be 2Pd. On the other
hand, in the diode bridge 22" perform ng voltage
doubl er rectification, where there is only one diode

in a Ciy.nemna dewthart él@ﬁfyﬁﬁﬁhé@b@@’&!ms%ﬁpﬁ'hkh]oorﬁeﬁ%nds to Fig. 6.
power | osses are calculated to be Pd. 15 Thus, th

btk @6d. i10MoRRhME R Sep S04 b %@QWW&%Q?R?I&%@E %th%e;ﬁ‘szcu) to

hi gh- br eakdown- voltage el enent” as an | GBT el enent

nﬁﬁ@&ﬁé&ﬁ@ﬁb&edeﬁﬁhhaﬁm%jés in the diode bridge
depends on, using the Iosses PL and PH in Equatlons

(7) ar}q (@ 1sV“fﬂ %tgggﬁmsﬁowﬂ{ ﬁregpxgh 1tpﬂ_| d stlrabe to employ a

hi gher. &put anot way, r'eakdoWwn-vo

hl?l’l SERbowr Q?H%%gbqunég iff %eevsg ¥ nsqu%ﬁéﬁ {CSp, &g‘?‘?olﬁfsﬁs Buethe diode

rue and a f eakdown-vol

AU ﬁﬁ@ae&é@ge@tmg@ggﬂf g .

[Nuner al PL>PH P

d d th
artd’l' i &Sﬁage‘iy oL B SRR ardr 2P91 06 trpesisys and a
cj si on, 2 corresponds to Fig. 6. In the Fig. 10
bR ilaES RE000 Qb I prerdessi i 6 ewdcRAE. §. Calculations

‘replaced with step S24D to nake a deci si on based on
WEIGHens B agsymng ﬂ:ﬂfgﬁ forwaidsvodtage diop VHewing. an ar ea
where it is desirable to enploy a 5
hi gh- Br ealedenneave thageigih eiderthan p ovirea] GF i, Htlee fussesoih the diode
the respective losses in the diode bridge and in the
bridgeeamtleinyer8e|can thedrelieced fusthan wheBE kikkibestkdbaivobage element is
turn-on | osses EL
employed than when a low-breakdown-voltage element is employed.

For comparison purposes, the graph shown in Fig. 3 reappears as a curve 101,
The curve 101 is nearer the origin side than the curve 102 is. Namely, in consideration
of the losses in the diode bridge, an area capable of reducing the losses expands further
when a  high-breakdown-voltage element is employed than when a

low-breakdown-voltage element is employed.

In consideration of the losses in the diode bridge, Equation (9) is modified to

Equation (14).

[Numeral 14]
fsw < [Pd + é— (VL — AVce) - lep] / [(—%—J - AEsw| ~(14)
T

While an IGBT element has been used as a switching element of an inverter in

the above description, the present invention is applicable in the same fashion with the use
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and a saturation voltage VL of 1.04 (mJ/pulse) and
2.34 (V), respectively, and a breakdown vol tage of
600 V, like the one described in regard to Fig. 3.

Cal cul ations were done by assuming that a forward
voltage drop Vf is 1.5 V. 10 #n an area nearer the
origin side than a curve 102°Ts, the |l osses in the
diode bDbridge and inverter can be reduced further when
obothirghvifoh@alktioneity/ ol t age el ement is enpl oyed than
when a | ow br eakdown-vol t age el enent is enpl oyed. For

CoNpansRBvay iROsSBige bbb aRin ShOWr %&X@ &pﬁ 1 is not limited to
reappears as a curve 101. The curve 101 is arer the

. hfl gl RSt ey A1RARE 3dtpv e ZKF 81]ngmii1§venEilﬁlg?4 d%(pa;éiéﬂg? fo ) Rower supply

consideration 15 of th SSes I n

o) [ e-l osses_e s further
e B D A0 N PR a6 % sﬁ@ﬁ%f@g;éegl e sorly
. L ow- br eakdown-vol t age el enent is enployed. In
n%%%ﬁ?%%?%ﬁ?%ﬁonfFrﬁémPB§Ses in the di ode bridge, '

Equation (9) is nodified to Equation (14). 20

[ Nurmeral 14] fsw<[pd+ 1 (XL- A?J/i ce)l ch/ [(2) AE_S}M o 8

; T Wi | GBT. el engn a een used as a sw tching

el erreﬁ%w Rlafigipg Q’lo‘is%Bmi@ HdnyEkYe description,

the present invention is applicable in the sane

f ashi dRewse AT 8 kigholrealalovarvaliese elemgnt fimiangnvarienban the advantage

Mor eover, the voltage obtained fromthe AC power .
ofgapprips @ smpllepeuirentivabiyg, epdeseribesl abpvef f Elpwiever, walinsertof using a

200 V. The present invention is applicable to a power
highprsikdowravolageaclemthtebts v ehiglar liapof valee ihto aA4Bviter using a

(referred to as a 200 V system power supply 5 in the
loprlesadownrmodiapé elenent. orlt Bxlasrploge required that the lines between the diode

bridge and the inverter be insulated from the surroundings with a high breakdown
voltage.
In view of the foregoing, it is desirable that the diode bridge and the inverter be

integrated as a module. Fig. 9 is a cross-sectional view illustrating a module structure

disclosed in the patent document 2. Electric components within an electric motor

controlling module 50 are mounted on a print substrate 62 and an aluminum substrate 61
that are vertically disposed almost in parallel with each other. The lines of the print
substrate 62 and aluminum substrate 61 are connected via a resin-molded circuit plate 63.
Power components 71 (which handle a little over ten watts of power) such as a diode and
a power transistor in the electric motor controlling module 50 are all bare chip mounted
on the aluminum substrate 61. On the other hand, an intra-module CPU formed of a one
chip microcomputer including a microprocessor, a ROM, and various kinds of interfaces
should be cut off from heat generation and noise; by other electric components, and is

therefore mounted on the print substrate 62 on which components with a great amount of
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(B2) Modul arizing of D ode Bridge and Inverter The use

. of a high-breakdown-vol tage el ement for an inverter

has the advantage of requiring a snaller current

val ue, as described above. However, an inverter using
a 10 hi gh- breakdown-vol t age ?Ienent has a hi gher

i nput voltage than an invert @ using a

| ow br eakdown-vol t age el enent. is therefore

héat @ehéradon Bat ndthBoltees %&M‘F%B Ebﬁ‘en‘?é QAR nobiok qgl@tﬂ@%ount of)

the inverter be insulated fromthe surroundi hgs wt

hétt GRnBR8aK GeVAIso VIbHRSE on | Re 1rﬁ1\{V Sbsth %o r 8920 1n n%atenal 81

is desirable that the dlode ridge an e invert et
o3P PP MmO By uSEPTRGEEFHORRL on

aI Al sggﬁfé'fﬁegi 2TheEh1%ﬁn{%ﬁla‘t:erglg gecg%grg%e ﬁBIE}H?Iée('jltsoﬂn éhe print

ectric notor contro
t 6 and an al b trate .61 th .
ar%‘{&% SRR oAU Do RaE PR B s if Fngbiafly effective

oth lines of .the pri trate 62 and
gﬁhﬁﬁ&ﬁﬁ%@?@ %Fé“éQWHE@HQ'OV?a a resin-nol ded
CIrCUI Ee 63. 20 Power conponents 71 (which handle
a litt IRERQR baS betn Famen )wéﬁqscrésedamdd%@b thpdforegoing
power tranS|stor in the electric motor controlling
df‘r%%ﬁ’ﬂ‘@ ian gl @spects iPugrativnans! Rasupstdetiveon I ik ghea¢fome undarstood that
substrate 61. On the other hand, an intra-nodule CPU
nippgravgmeiflicabens m@mapammrm&vpdavmedumdiouudmnmg from the scope
m croprocessor, a ROM and various kinds of interfaces
ofghoinvanthe.cut of f from heat generation and noise by
ot her electric conmponents, and is 25 therefore nounted
on the print substrate 62 on which conponents with a
great amount of 26 heat generation are not nounted.
“Control conponents with no (or a little anount -of)
heat generation are also nounted on the print
substrate 62. A nolding material 81 covers the power
conponents 71, a bonding wire 73, and the other
conmponents on the alum num substrate 61. The nol di ng
material 81 covers the conponents on the print




5

10 -

15

20

25 .

5 substrate 62 as well. Modul arizing a diode bridge
~and an inverter is especially effective in a
hi gh- br eakdown- vol t age el enent, as di scussed above.
Whil e the invention has been shown and described in
detail, the foregoing description is in all aspects
illustrative and not restrictive. It is therefore
under st ood that - numerous nodifications and variations
can be devised w thout depantgg fromthe scope 10 of
-the invention. 27 CLAIM5S.1. A current supply circuit
conprising: a voltage doubler rectifying circuit (22)
connected to an AC 200 V system power supply (1); and

a poIyphag%u?g%%ﬁhﬁ&fggﬁfﬁ%ﬁpﬁﬁé%eincluding series

connection of two s e nts having a

breakd I of 00 V. for ch _phas and '
out put ?ng%na%%?ercrﬁ?t} Hie gl pﬁ?HE%C?‘f‘fH’nF% Nod@0oY system
‘saiLd series connection. 10 2. The current supply :
P%%@%%PPBéﬁgéngng to claim1, wherein sai'd swtching

el ement i n I.GBT el enen 3. The current supply o
circui? Pa@e%isail%"geﬁ? clEeud} Eﬁzﬁ,ln%@ﬂéisﬁl%saqﬁ’@n%}@a‘ééﬁm switching
doubler rectjfying circuit and sai d pol yphase inverter
el&mﬁeﬁﬁiﬂa}gea Llfskc}?&aw%htagf &f 1240 %fwaybrpgl » @ndl petputting an AC
circuit conprising: the current supply circuit
cygEb PEracy phasedtam mngdepf Bid sangs goprseligrhase motor f or

400 V (M2) supplied with current fromsaid pol yphase

20 inverter circuit. 5. A nmethod of designing a

current supply circuit (22, 32, 42) applied with an

2. The current supply circuit according to claim 1, wherein

said switching element is an IGBT element.

3. The current supply circuit according to claim 2, wherein

said voltage doubler rectifying circuit and said polyphase inverter circuit are

modularized.

4. A polyphase drive circuit comprising:
the current supply circuit according to claim 2 or 3; and

a polyphase motor for 400 V (M2) supplied with current from said pdlyphase

inverter circuit.

5. A method of designing a current supply circuit (22, 32, 42) applied with an

- AC voltage of a predetermined effective value voltage to output a polyphase AC current

to a polyphase load (M2) of a predetermined rated power,

said current supply circuit comprising a polyphase inverter circuit (42), said
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 first

AC vol tage of a predeterm ned effective val ue vol tage

to output a polyphase AC current to a pol yphase |oad

(M2) of a predeterm ned rated power, 25 said current

supply circuit conprising a pol yphase inverter circuit

(42), said 28 polyphase inverter circuit including

series connection of two smﬁgching el emrents for each

phase, and outputting said AC current of each phase
pélypins@inverle di’fcuﬁ&htﬂu&iﬁ? ls@5esCONA&EH0h Of twé BHiteiRhE e RBIeRRor each
“conprising the steps of: 5 (a) setting a current val ue
plaSe,ainfl APt SRR C\RlER: Ffeadfbithsp %Mﬁ\iﬁ ct)f%?ﬁg.rs%ﬁé connection,

ned by dividi

circuit, "said current val ue bel ng obt al [ ng

api d rated power of said polyphase |oad by a voltage

val ue being twi ce said effective val ue voltage (S21);

and (Q): ' j Lt cheng el enent having a
secongbgiggﬁ o%%gW%ﬁﬁg%%@%%ggg on said rated current
val ue,. sal.d secaond br eakdown vol t age bei ng.tw.ce. a .
(B SR T, Vo g e P YA PFy el el inverter
.el enent when vol t.age obtained by performng, .
cifag S"WL\C/ %8?%“?%&5}% Sidtge 5&% e &%lfitrafgé poger Rhaid pglyphase
sajd po hase .i nverter c¢cjrcuit (S25). 6. The nethod
103 biie SRR NERE helmisturce ssitbpgptce vilae polasedSalognd o
claimpb, 15 wherein said AC voltage of said
pr edet(®r sicstine said spiichiwg\elannt having gesependabretlisigva voltage based
phase, and said current sup%;é circuit further
ore b Fataslecsirrgni /il va geiddeeideireaksloninfwpitage béing tvice a (f2g@)breakdown
perform ng vol tage doubler rectification on said AC
valiept segmired of adid gviwhotgeslommedwh&Da EIG eoltageeohtaihed by performing
voltage to output a rectified voltage to said
fuovavehastéfidative rane saidi ACuvdltagd 2y inpht tdh@idrpblphRasefinverter circuit
designing a current supply circuit according to claim
(S33).

6. The method of designing a current supply circuit according to claim 35,
wherein

said AC voltage of said predetermined effective value voltage is a single phase, |
and

said current supply c.ircuit further comprises a voltage doubler rectifying circuit
(22) performing voltage doubler rectification on said AC voltage of said predetermined

effective value voltage to output a rectified voltage to said polyphase inverter circuit (42).

7. The method of designing a current supply circuit according to claim 5,
wherein

in'said step (b), as a switching frequency (fsw) of said inverter increases, said

switching element is selected in a range with low turn-on losses (Esw(on)) in said rated
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wherein in said step (b), as a switching frequency

(fsw) of said inverter increases, said 25 switching
elenent is selected in a range with |ow turn-on | osses
(Eswm(on)) in said rated 29 current value. 8. The

met hod of designing a currentg supply circuit according
toclaim7, wherein 5 said s?ep (b) further conprises
the steps of: (b-1) setting turn-on | osses (Esw(on) =
clrsant #aldd. based on dynamic |osses (Psw) required in
regard to said switching el enment and said sw tching
frequency (fsw) of said inverter; and (b-2) selecting
.said switching el enent having said second breakdown

10 volg a rroici t . - .
Tosses aote Mol Slalned Suitnt el B bt bGRIae o claim 7
wh@kie set in said step (b-1). 9. The nethod of

esigning a current supply circuit according to claim

6, wh [ i id step ( s a switching

fr equg’%@y&%éﬁ?\iﬁ“ﬁ??g%m%mieﬁgbeﬁ@as 0?‘ncr eases, said

swi tching el t .S selected in_a rapge_wth. | ow .
turn-on | ossglg'?? E@JW%%")I?'OP&O%F EEF‘Q{C’@S% EsW / dtbaged e dynamic
10. TEe nehggo of .desjgning a current supply circuit .
accor df i’ | T5Ave, I sgarierssid, swiishing clspiepbyod said switching
further conprises the steps of: (b-1) setting turn-on

| ossedlCARSREYSRV)of saig/invepsr;gaded on dynanmic | osses

(Psw) required in regard to said swtching elenent and
sai d switchi ﬁ:gZ) selecting said switching element having said second breakdown 7

voltage, and producing almost the same turn-on losses as said turn-on losses in

said rated current value set in said step (b-1).

9. The method of designing a current supply circuit according to claim 6,

wherein

in said step (b), as a switching frequency (fsw) of said inverter increases, said
switching element is selected in a range with low turn-on losses (Esw(on)) in said rated

current value.

10.  The method of designing a current supply circuit according to claim 9,
wherein
said step (b) further comprises the steps of:
(b-1) setting turn-on losses (Esw(on) = Esw / 2) based on dynamic
| losses (Psw) required in regard to said switching element and said switching
frequency (fsw) of said inverter; and

(b-2) selecting said switching element that has said second breakdown
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frequency (fsw) of said inverter; and 25 (b-2)

sel ecting said swtching el enent that has said second
breakdown 30 voltage, and produces al nost the sane
turn-on losses as said turn-on losses in said rated
current value set in said stgp (b-1). 11. The nethod
of designing a current. supply circuit according to
claim5, 5 wherein said switching elenent is an | GBT

el enentoltage) chndipRodibdalaioePthehmeatr-Gie IRERNMs eESM-oR flosses in
turn-on losses in rated current value of said | GBT

el enenfaidardngne vAheeeOndatd akdoyn vol tage with
reference to turn-on losses (EL) in 10 rated current
val ue of said | GBT el enent having said first breakdown
voltage is defined as a divisor, the product of a

I VL i . i.n ract. ng a )
o e ThEXERho Bl B ity oBotY LRGN AhoRling o plaim s,
Wﬁ&?ﬂpnt havi ng sai d second breakdown voltage with

r

ererence to a saturation voltage (VL) of said | GBT
el enent.havj said first reakdo vol tage from
sai d géduyﬁﬁloﬁe 3F?5ﬁéﬁlgﬁﬁggfﬁﬁﬂ§ ue (lcp) of an
out put. cyrre of said inverter in terns of
sinusd?&%ﬁs&ﬂg > and (,r / 16), is defined as a
dividend, and sajid | GBT el ement having said second )
br eak dBWACKBICER ffeFTvY) QleusrrBdopsss am rated purgnt Malye |ofvweid IGBT
swi t chi ng f[equencz (fsw of said inverter than the
eleraent) haves; sgidhegond breplylamny veltags wish defelienéadtontdrbyn desises (EL) in
di visor. 12. The nmethod of designing a current supply
ratefl cairient edenplisaid IGBT 6lenwing heving saidi fitssietlaloiwmgvoltage is defined
element is an | GBT el enent, and :
as a divisor, '

the product' of a value (VL —AVce) being obtained by subtracting an increment
(AVce) of a saturation voltage of said IGBT element having said second breakdown
voltage with reference to a saturation .volltage (VL) of said IGBT element having said first
breakdown voltage from said saturation voltage, a maximum value (Icp) of an output
current of said inverter in térms of sinusoidal wave, and (z# / 16), is defined as a dividend
and

said IGBT element having said second breakdown voltage is selected in an area

with a lower switching frequency (fsw) of said inverter than the result obtained by

‘dividing said dividend by said divisor.

12. The method of designing a current supply circuit according to 6, wherein
said switching element is an IGBT element, and
in said step (b),

an increment (AEsw), multiplied by a factor of (2 /. 7), of turn-on losses in.
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in said step (b), 25 an increnment (AEsw), nultiplied

by a factor of (2 / r), of tumon losses in 31 rated

current value of said | BT el enent having said second
breakdown voltage with reference to turn-on | osses

(EL) in rated current value qff said | GBT el enent

having said first breakdown voltage is defined as a
divisor, a value is defined as a dividend, said val ue
retRt currgylvalue 40fi soi) IGBTpelém@)t Heminmgsaid sedohdi breskdoywn voltage with
addi ng | osses (Pd) for one diode included in said
referleharg®e tdaudl Bises €EL) fryiangl cuioh€ vhlte 6R23id IGBINGement having said
product of a first value, a second value, and a third

fivabrtakdsa thifagé Stdefivaldl BEa (Misor4Vi ce) bei ng obt ai ned by
subtracting an increnment (4Vice) of a saturation

- vol t agevitie BalefnédRTa 81IBAL sHFVLRE BRI VTeS %Rﬂ:e?]- Icp / 8) being

breakdown voltage with reference to a saturatio

oMAInkaBG aldi IQJseSSﬁ’%cg g!r)n 11;: @ﬂoﬁ%udga\{{l disv%ihggéa i(élél%ler rectifying

br eakddown vol t age sal d saturation vo

_ Cigﬁjtitgg??@&% g L%g oflCR gt ?%&g??g?%ﬁl‘f 4 \ﬁ%f%ethﬁ'ﬁ V%Pue, said first

curren f sal erms

' i dal Vi said third.val ue bein /. 8), .
vERGVE S cel bt AREE hS Rl inecert Bicets, (it sewration
| tage .i cted.in. an ea Wih a | ower swtching
V‘?'l?aéa o Rl ﬁ‘(}?? ﬁe%?nqélé‘mlgi SHGLtecaRd pRalopfi oliagg ith Teldtence to a
bt ai ned b [ vi.di. ai d dividend by said divisor.
Sa%éfafi ! V@H’@X r%gk 88 8%5 Tgid gsMmsHt baving yahfirss (spakgown voltage from
circuit according to claim1l, wherein said inverter ‘
saith SAtuBlign prtagcnisAld Fecerdionly @emveinges maximupHralee of an output
|l ess. 20 14. The method of designing a current supply
cugrent of widiprertatiimigrms of siahsnidal waxhendisnidgbird value being (1 /8), and
predeterm ned effective value voltage is 200 V, and
sai d fseddGBIr dekeimiraving said second breakdown voltage is selected in an area
vvith a lower switching frequency (fsw) of said inverter than the result obtained by

dividing said dividend by said divisor.

3. The method of designing a current supply circuit according to claim 11,
wherein

said inverter has said switching frequency (fsw) set to 7 kHz or less.

14. The method of designing a current supply circuit according to claim 3,
wherein
 said predetermihed effective value voltage is 200 V, and said first breakdown

voltage is 600 V.

15. The method of designing a current supply circuit according to any one of




voltage is 600 V. 25 15. The nethod of designing a
current supply circuit according to any one of 32
claims 5 to 14, wherein said switching elenent is an
| GBT el ement. :

32
claims 5 to 14, wherein

said switching element is an IGBT element.




