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| DESCRIPTION CURRENT SUPPLY CIRCUIT, POLYPHASE DRIVE
CIRCUIT, METHOD OF DESIGNING CURRENT SUPPLY CIRCUIT 5
Technical Field The present invention relates to techniques for supplying
polyphase current. Background Art Fig. 12 is a circuit diagram illustrating
a conventional current-supplying 10 technique. A diode bridge 21 applied
with an AC voltage having an effective' value of 200 V from an AC power
supply 1, or a single-phase 200 V power supply, performs full-wave
rectification, and provides an inu@terdp itkya DC voltage We via a
smoothing circuit 31. The inverter 41 includes series connection of two
CUGEAENINssil#Red YCatsBipolar Pxahdstad Sienenls hading@ hreakdBwHOD OF
voltage of 600 V for each phase, 15 and outputs an AC current of each
DEShasd forh dRidER biSHEReNeSIBSHEEtion to a three-phase motor MI. To
suppress 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
Teqhaicad Bislistatic losses in the IGBT 20 element, respectively. Meanwhile,
impromts in fine structure of an IGBT element are classified as

generatlSAICHREFRHERICTEG 1% SRAwaTIRA TR LToHORY Be R ERbRcBHent

losses and a saturation voltage Vice(sat) across a collector and an
emitter in regard to third-generation, fourth-generation, and
Ba&%}&%@@{io” IGBT elements having a breakdown voltage of

Fig. 12 is a circuit diagram illustrating a conventional current-supplying
technique. A diode bridge 21 applied with an AC voltage having an effective value of
200 V from an AC power supply 1, or a single-phase 200 V power supply, performs
full-wave rectification, and provides an inverter 41 with a DC voltagle Vdc via a
smoothing circuit 31.  The inverter 41 includes series comnection 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 suppress 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 generational 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—generaf_:ion IGBT elements having a breakdown voltage of

600 V, as graphs L3, L4, and L5, respectively. The tum-on losses are normalized in
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25600 V, as graphs L3, L4, and L5, respectively. The turn-on losses are
normalized in terms of the number of pulses and current. It is shown that
although a tradeoff exists between their characteristic values, both of the
characteristic values decrease with each new generation. Such
characteristics of IGBT elements of different generations are discussed in
non 5 patent documents 1 to 3, for instance, and the losses in an IGBT

terms@lementBagesk oM NaHdrBnRBnl0SERS BAAIRAMIALIAN, WlAQS ACIOSS B tween

collector and an emitter are discussed in non-patent document 4. Patent

their docameeistié didelndeshatenbbigue foi grntRlingR MaetaluseskinaR dlheration.
conditioner or a cooling device. Patent document 2 discloses a technique
foSmebdbiarizengtas o I EEknit @ d AdtBnvertiemunitichd NoarRaient in non-
Document I: Satoshi Mori, "Latest IPM Technique and Application

patenEosiipias Theredft, issaok18tH texhnisal semiiaB Gf-lapan Gaeiety ofe turn-on
Power Electronics, p38 (1998) Non-Patent Document 2: Noriyuki

lossey Andhd i raemEniagnasasa salsakaAnSekimiTechnidat inmalatiomipatent
U-series IGBT Module", Fuji Electric Journal, vol. 75, Nol0O, p555 15

docurpspinhy m‘?{l@ﬁfélﬁt%’cdﬁfé?ﬂeg aJerimaimis goetalling owoTernsekn an air
.Switching Energy 1200V IGBT Module"f%)nline], IEEE, [searched October
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“Technical Innovation in U-series IGBT Module”, Fuji Electric Journal, vol. 75, No10, 555
(2002)

Non-Patent Document 3: Junji Yamada, et al., “Low Turn-Off Switching Energy 1200V
IGBT Module” joniine], IEEE, [searched October 8, 2003], Internet
<U’RL:hti‘p://www.ineltron.defenglish/Low_tummoffjth_genlGBT.pdﬁ

Non-Patent Document 4: “Guide to Practical Use of Mitsubishi Power Module MOS™
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25 Disclosure of Invention 3 There has naturally been a demand for
losses reduction in each IGBT element without a wait for a new generation
IGBT element. Embodiments of the present invention provide a technique
for reducing losses in a current supply circuit including an inverter having
an IGBT element. In accordance withya first aspect of the present
invention, there is provided a current supply circuit applied with an AC
voltage of a predetermined effective value voltage to output a polyphase
AC cuirent 1o a,pol h%‘éeen'%a&'e%a%cfi’rf)‘é%%'é@si“r% rated 4 each f§@r element
current supply circuit'comprising: a polyphase inverter circuit including a
widfH1SS,CAPRECHRN OLING. SHISRING et for each phase, and operable
to output said AC current of each phase from a node of said series
connection, and wherein said switching element is selected to have a
secpRehbiRakAewn Vel ReRnsait GRrANSRIgalkdeHn VRKIBE LIRSS in a
first breakdown voltage required of said switching element when a DC
curienltaggepbbtaingd byl péirfg eming dfuliniiavin gectifiGBtioelonesaid AC voltage
is input to said polyphase inverter circuit, and said switching element is
selected to produce almost the same turn-on losses in a rated urrent
valug geeaidepetypitisa ffiverdicelradithsamcssidievepdiony dhschisingovided a
obtained by dividing said rated power of said polyphase load by a voltage
curigat sipBlH s SRR etrEttveRahie Voltafe CAL tarRITRTBENSS Rkt yalue
= Esw / 2) based on dynamic losses PSWE] required in regard to said .
voltggsi hiRGRIE A 8PSt WHERR S red Qﬁ%@ﬁiﬁ/ﬁ%f)gﬁé’fﬁ@%ﬁgﬂ‘%‘i fated
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series connection of two switching elements for each phase, and operable to output said
AC current of each phase from a node of said series connection, and wherein said
switching element is selected to have a second breakdown voltage, said second
breakdown voltage being twice a first breakdown voltage required of said switching
element when a DC voltage obtained by performing full-wave rectification on said AC
voltage is iﬁput to said polyphase inverter circuit, and said switching element is selected
to produce almost the same turn-on losses in a rated-gurrent value of said polyphase
inverter circuit, said rated cwrrent value béing obtained by dividing said rated power of
said polyphase load by a voltage value being twice said effective value voltage, as turn- |
on losses (Fsw{on) = Esw / 2) based on dynamic losses (Psw) required in regard to said

switching element and said switching frequency (fsw) of said inverter.



circuit applied with an AC voltage of a predetermined effective value
voltage to output a polyphase AC current to a polyphase load of a
predetermined rated power, said current supply circuit comprising a
polyphase inverter circuit, said polyghase inverter circuit including series
connection of two switching elements for each phase, and outputting said
AC current of each phase from a node of said series connection, and said

methgdeeanaprigiae: thaesteps (Rl aelling aeariedasdumaseadiated: supply
current value of said polyphase inverter circuit, said current value being

circuiobigitied Wytidividng saidgatethpowdncahsadd pityphaseiloaddijpgevioltagput a
value being twice said effective value voltage; and (b) selecting said
polyphastchifgeatement havitipbasedemt bieakdulsrenvoltegebaded orrsaid! current
rated current value, said second breakdown voltage being twice a first
supplyreakdivaevoitage reqaitathotstidesWitchingelemémoliidese DTvbitagecuit
~ obtained by performing full-wave rectification on said AC voltage is input
mCl“@é“@ai@HSél%‘H%@%@%%ﬁ@ﬁﬁ?%é@ﬁeﬁS §ar§§@émba§?a@ég SilREHiRg said
frequency (fsw) of said inverter increases, said switching, element is

AC QutteptefifachaRgastifiomwAietBrobhSaisk SRR SRYRFFEa ARe Rl Bisthod

o, R U 5P T P e s ng ST i

polypfaus V%tr?&eél?co %‘tt.ps‘étlc?cﬁr?%?g%?u% %&%&“&ﬁ%‘%nte% %&%&W&%%%A?&%t%ﬁ%ower
predetermined rated power, said cufrent supply circtit comprising a

of sai@%}ﬁgg@%%”é%{&&tﬁ& Ei%ﬂ%ﬁgﬂe@&’!}’&ﬁ %%i%vﬁiﬁ]%ﬁéw% inglding seriesy (v)

two switc ements Tor each phase, and outputting sai

selecfitfy SHITIERLRNRACRIBRRRE ﬁﬁ%ﬁﬂ?é‘%@&f BAIGIRNIES CAREHIAB YA S dated

method comprising the steps of: (a) setting a current value as a rated
currefHERlvalla absaid pRIYRNASE Wyerier sHgditnsaid sumentyaiuaReingoltage

obtained by dividing said rated power
required of said switching element when a DC voltage obtained by performing full-wave
rectification on said AC voltage is input to said polyphase mverter circuit; wherein in
said step (b), as a switching frequency (fsw) of said mnverter increases, said switching
element 1s selected in a range with fow furn-on losses (Esw(on)) in said rated current
value.

In a third aspect, there 1s provided a method of designing a current supply circuit
applied with an AC voltage of a predetermined effective value voltage to output a
polyphase AC current to a polyphase load of a predetermined rated power, said current
supply circuit comprising a polyphase inverter circuit, said polyphase inverter circutt
inciuding series connection of two switching elements for each phase, and outputting said
AC current of each phase from a node of said series connection, and said method
comprising the steps of: (a) setting a current value as a rated current value of said

polyphase inverter circuit, said current value being obtained by dividing said rated power

of said polyphase load by a voltage value being twice said effective value voltage: and (b)



of said polyphase load by a voltage value being twice said effective value
voltage; and (b) 4a selecting said switching element having a second
breakdown voltage based on said rated current value, said second
breakdown voltage being twice a first breakdown voltage required of said
switching element when a DC voltaé;ae obtained by performing full-wave
rectification on said AC voltage is input to said polyphase inverter circuit,

selecmegﬁi@ SAlfknsyvteing ‘?'ﬁ&ﬁﬂj 5 s@@o@%&%@gﬁfﬂt ’Vgﬂggjgf%%ﬁﬁ R rated

arrincrement of turn-on losses ~in rated current value of sai

currefl SRR Raying. s3Il seRrshRre Wﬁg@ MOHRIBMIEh ArefRTepLa AN -Qhage

losses in rated current value of said IGBT element having said first

requiRieakdaynvaliage isdsfinedins a dvisoiibe sradued of avabimbeingl-wave

obtained by subtracting an increment of a saturation voltage of said IGBT
rectifRigmoanihaMin o\ saich seecndnprieakdalpubitgeswitheieferenedt iovlerein said
saturation voltage of said IGBT element having said first breakdown
switcholtageframisaid [§HUrattomewotagan aanbstim ), val iec (bopy rofod iuroutpudsses
current of said inverter in terms of sinusoidal wave, and (n'/ 16), is defined
in rated eumividenids aricadidGBB Eleteenehthiagng dai-sed dnerbdeakdvmiage with
voltage is selected in an area with a lower switching frequency (fsw) of
refereggiel inverteprHanstatasifg sutambyabye Gl RaikglSald divmentisyisgigaid first
divisor. 5 In a fourth aspect, there is provided a method of designing a

breakdgmany elipastyitidalinadpired fivisan A vordiye of #pralisidistiaeeptained by

effective value voltage to output a polyphase A rrent to a polyphase
Subtr?a&ag(m)n&f‘m&égt@ﬁ?ﬁﬁéa%ﬂéﬂ&%%wﬁ?@giégﬁr@ﬁwgw&ﬁm second

e R Gk UM GIN 51 e ALy DA CAoh SrALe e
said first breakdown voltage from said saturation voltage, a maximum value (Icp) of an
output current of said inverter in terms of sinusoidal wave, and (7 / 16), is defined as &
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.



outputting said AC current of each phase from a node of said series

connection, and said method comprising the steps of. (a) setting a current

value as a rated current value of said polyphase inverter circuit, said

current value being obtained by dividing said rated power of said

polyphase load by a voltage value being twice said effective value voltage

(S21); and (b) selecting said switching element having a second

breakdown voltage based on said rated current value, said second

breakdofunrioltagecheihg twic @ fikkid breaktadnoioltaienirg uiredrahsaidpply

. switching element when a DC voltage obtained by performing full-wave

circngctifigatibwitn asait AR Vadtagesigierit taisaid (gblyphasel invertagacircuitput a

(S25), wherein said AC voltage of said predetermined effective value
polypbitag eMs auBitiléophaseyrindskiadc(Mahodupplyddieuitngitiated power, said

comprises a voltage doubler rectifying circuit performing voltage doubler
CUTEEE PRI S ET Haf QAR VoAl O BARI 6 Pt SiFHb P e cRave has énverter

voltage tQ output a rectified voltage to said %olyphase inverter circuit,

clreyih dPEiHARR SHEEhRIGEIENIENPTs BFP | BBHEBISM SIRMSAL idCafddtep ety and

i AEsw), [tiplied by.a factor of (2./,r), of turn-on | i .

o R SR A PSR B O LD TS e
Volt ith toturn-on.lo EL).in rated t value of
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sad?éékioﬁhaéevﬂiv&é& defingd s%%dac%‘é‘;{‘?'%Qm%ai)%iﬁ’rg'éﬁa(iﬁgdfb Vi E%hilChted

eing obtained by adding losses (Pd) for orte diode included Iin sal

pw@%@g@i@gemﬁﬁﬁ&mmw%igggetbgﬁ% gl R ditalVale«RSe8RR oltage

value, and a third value, said first value (VL -AVice) being obtained by

(S2 BubfractingsancingremrRNE(AVERL Ok la:Bat rBiPRY Qltage &f SRdItGRMh voltage
element having said second breakdown voltage with reference to a
basghturatiah nodthgerfvihl) of saidd@Bt@ieimertikdown voltage being twice a first
breakdown voltage required of said switching element when a DC voltage obtained by
performing full-wave rectification on said AC voltage is input to said polyphase inverter
circuit (823), wherein said AC voltage of said predetermined effective value voltage is &

single phase, and said current supply circuit further comprises a voltage doubler

rectifying circuit performing voltage doubler rectification on said AC voltage of said



having said first breakdown voltage from said saturation voltage, said

second value (Icp) being a maximum value of an output current of said

inverter in terms of sinusoidal wave, and said third value being (1 / 8),

and said. IGBT element having said second breakdown voltage is

selected in an area with a lower swiching frequency (fsw) of said inverter

than the result obtained by dividing said dividend by said divisor. When a

polyphase AC current is obtained by an inverter based on an AC 200 V
predeamaiadppifscidssesicrnadiagducesiipnempleyifiglavh2@VidGRIE polyphase

element as in the current supply circuit according to the invention. This in
invetuen allovits |edsesinegudtion tirhagpdlypheiss dnvEEEuikineludimgl thesaid step

current supply circuit. By modularizing the voltage doubler rectifying circuit
(b), sl theepaipphAEevinveridipbigd Uiy, thidilvebédween. themrarerinsetatad rated

from the surroundiz&s with a high breakdown voltage. According to

currgph b HaepltssaithERve siRcR Virdge apisliceond ponasacxolsag with

can be increased twice by increasing the breakdown voltage of the IGBT
releEReRdhIERIER | arTTEratBd BB BIhE PsyHtase Hobd isl v evates said
oo SO BT B MBS 1
o e s e S L
o SRR g A CRT Sones S TARONE, ¢ o
vﬂﬁ?%@ﬁﬂf@@dﬁ&?%ié%ﬁ%gf&/\(wl@ céﬁ%f@%t‘%ﬁneé by subtracting an
increment (AVce) of a saturation voltage of said IGBT element having said second
breakdown voltage with reference to a saturation voltage (VL) of said IGBT element
having said first breakdown voltage from said saturation voltage, said second value (Icp)
being a maximum value of an output current of said inverter in terms of sinusoidal wave,
and said thard value being (1 / 8), 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.

When a poiyphase AC current is obtained by an inverter based on an AC 200 V
power supply, losses can be reduced by employing a 1200 V IGBT eclement as in the
current supply circuit according to the mvention. This in turn allows losses reduction in a
polyphase drive circuit including the current supply circuit.

By modularizing the voltage doubler rectifying circuit and the polyphase inverter
circuit, the lines between them are insulated from the surroundings with a high

breakdown voltage.

According to embodiments of the invention, a voltage applied to a polyphase



7 embodiments of the invention, the dynamic losses (2Esw(on) fsw / it) of
the IGBT element can be reduced. 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, according to
embodiments of the invention, wheg,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 (IcpVce(sat) /

load it the . Samme t@YWWQAQ%gﬁ"%@%d% l%itlaﬂggw i\ k%(%:%: fele:ment

elements, the turn-on loSses in rated current value set in the step (a) for

twidhleala Bile glasaepd Navinghae,seARd-ureaKAoNA ¥ollage! is el @i@atehe raied
than the turn-on losses in doubled rated current value set in the step (a)
curran the G B lelEmeltebaMing/the fistiirarkdawn yRiage o Hamd/pldsent is
or more. Therefore, according to embodiments of the invention, static
incriasseé e r et eadhiian grelades aonoisnd thdlzaor inoieaseniftdy i@asicot reach
losses by employing the IGBT having the second breakdown voltage than
twidgy smpleying e {GB TWawingothedirst brichkdoniybltalgeyca derveduded first
as the whole losses in the IGBT element. These and. other embodiments,
bregegaure s adggectaldtatvaenzgesher the hresenenhVvarabtowl bebisgrecan be
more apparent from the following detailed description and the _
selegiEdoipAPAG GFANNUSSETAIDSergibn o DRAMINGS FgE showanic losses
graphs indicating the relationships between turn-on losses Esw(on) and a
CESXiiPAfidRY6IfHge Vice(sat) across a collector and an emitter in IGBT

elements havin
According tog



breakdown voltages of 600 V and 1200 V. 8 Figs. 2 to 5 are graphs
showing an area where it is desirable to employ a high-
breakdown-voltage element. Fig. 6 is a flowchart illustrating a method of
designing a current supply circuit 5 according to the present invention.
Fig. 7 is a circuit diagram illustrating a current-supplying technique using
an inverter according to the present invention. Fig. 8 is a circuit diagram

em6'&‘&%5‘5@%%@“%EQH.U&H?%‘Q;’\%QJ&WQE%'!?5&%%? Y?é‘ﬁ%n‘?quﬂl&f CHSWE 40 16BT

Fig. 9 Is a cross-sectio ustrating a module structure. Fig. 10 I1s a

cledloMychart diustrating a method of designing a current supply circuit
according to the present invention. Fig. 11 is a graph showing an area

wheyghit{sfestrRbleiteempiny.2 hightRrealgtownvieliags alepert YRice, the

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

satiiReidni Quetadd 0ackdsshows! praphsuiddigatingitlee Riationshigsbeatveens much.
turn-on losses Esw(on) and a saturation voltage Vice(sat) across a

Thecoftectarcamd iagn emétarddiiteBE elethe mhs draiong whéreakdewsd veitagen dGB T
600 V. 20 Best Modes for Carrying Out the Invention A: Basic Idea of the
elertrne nbioniEhéhbaBitstideaatithenpredgeineentioB Wiltlbeexplaineg bbforeecond

giving detailed descriptions of preferred embodiments. This idea is of
bregdgliraa polest g b apigeisd to reduce static losses (IcpVee(sat) / 4) with the same

dynamic losses (2Esw(on) = fsw/ m).

In current IGBT elements, the furn-on losses in rated current value set in the
step (a) for the IGBT element having the second breakdown voltage is not greater than
the turn-on losses in doubled rated current value set in the step (a) for the IGBT element
having the first breakdown voltage by 0.4 ml/pulse or more. Therefore, according to
embodiments of the invention, static losses are reduced by a greater amount than an
increase in dynamic losses by employing the IGBT having the second breakdown
voltage than by emploving the IGBT haviﬁg the first breakdown voltage, to be reduced
as the whole losses in the IGBT element.

These and other embodiments, 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 vollage Vee(sat) across a collector and an emitter in IGBT elements having

breakdown voltages of 600 V and 1200 V.,
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25 (Al) Losses in IGBT Element 9 According to the above-mentioned
non-patent document 4, the total losses PQ in the body of an IGBT
element are equal to the sum of static losses PSS and dynamic losses
PSW, and expressed by Equation (1). The static losses PSS and dynamic
losses PSW are expressed by Equations (2) and (3). 5 [Numeral 1]
PQ=PSS+PSW ...(1) [Numeral 2] 103PSS=lIcp.Vice(sat) 1
fsin2x.1+sin(x+B) D dx 2g 2 Icp Vice(sat) (1.+ D coso) (2) 8 32r 15
[NitretdP 3) BEWARENRURSE ESRR O feivis drsirpblicorprloyesighn)

breakdn Esyvg%a% fsw 1 %%) 7 20 Introduced into the above Equations are

rea ({ﬂ%qgn tc Fﬁ@e Sses Esw(on) per pulse of the IGBT element, turn-off

Spiching,grses Eaw(of per auise, asyitching, freauency ot e IGBT,
element ﬁqamefy, a carrier ir quency of an in rter for Which thE™
according to the present invention.

Fig. 7 is a circuit diagram illustrating a current-supplying technique using an inverter
according to the present invention.

Fig. 8 is a circuit diagram illustrating the configuration of a three-phase voltage
doubler circuit.

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

Fig. 10 is a flowchart illustrating a method of designing a current supply circuit
according to the present invention,

Fig. 11 is 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 Esw{on) 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) Losses in IGBT Element
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IGBT element is employed) fsw, a maximum value Icp of output current in
terms of 25 sinusoidal wave, a saturation voltage Vice(sat) across a
collector and an emitter of the 10 IGBT element, duty D, and a power
factor cosO of the output sinusoidal wave. Further in consideration of
static losses PD in a free wheeling diode typically added to an IGBT
element, losses PA in the whole IGBT élement are expressed by Equation
(4). The 5 static losses PD in the free wheeling diode are expressed by
Equation d&difets @domead ualrar drpm et s eI et flowiaf 1osses PQ
the maximum value Icp is introduced. [Numeral 4]
inRAcBEYRID=R SSBP SWMHED a(4) ed@[Numeralib] PDswcRMesed PH0s dynamic
(5) 8 3,r))) It has been known experimentally that the turn-on switching
loksssdssBavatahygrestathb o gutenng losdés Eewitolfyare RESasttiienamic losses
same, and that the saturation voltage Vice(sat) 15 across a collector and
P2y emitteproste GBI aleme{® and (Re forward voltage drop Vec of the
free wheeling diode are almost the same. Thus, Equation (4) can be
expresddaBsrEddation (6). [Numeral 6] |
PA=~~Esw(on)fsw+(4~IcpVee(sat) (6) 20 In the present specification,
therefore, the first and second terms on the right side of

PQ = PSS +PSW (1)

[Numeral 2]

tsin(x+6)-D

~ 1 ¢
PSSmIcp-Vce(Sat)-—i; f sm- x 5

=lcp - Vee(sat) [}m + D cosdd =(2)
8 3w
[Numeral 3]
PSW =(Esw(on) + Esw(off)) - fsw - 2i f sinx dx
7
= (Esw{on) + Esw(off)) - fsw - L ~(3)

T
Introdﬁced into the abo-vé Equations are turmn-on switching losses Esw(on) per
pulse 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 element 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



10

13

Equation (6) shall be referred to as dynamic losses and static losses in the
IGBT 11 element, respectively. (A2) Rated Power of Load and
Breakdown Voltage of IGBT Element The amount of work by a load
supplied with current from an inverter is proportional 5 to its rated power.
Put another way, two loads having the same rated power can achieve
almost the same amounts of work. R8r instance, a motor having a rated

eof 20 Va amot r havin voltage of 400 V can, when
BT R e T B BT AR AR RS SAE BrBeiuct o

t e and the. berc}I tlons lon asw thin. t@e bou so the
SRR ALY IR D ke ereqa.eégaw BRI e o

an IGB’? 1Ag68:0N1 3010308 {0 Achigve ek amaUNL QLI 3%%%%‘/% The

a degree of freedom. The dynamic losses In IGBT s expre

static THSLIEH anibe-Liohhsids ofi Eauation (6)-are ide Fbr?rI(tG fiheratefrward

voltage of a load. On the other hand, the static losses T as

voltag€ RSB SBed iy e secRRd tsim omihe dightside.afHapation-(Bl.eapend on

the rated voltage of a load. More specifically, when loads are required of
thswasiel dnounts 15 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 pdiwer: B adtput stage didrcdrPdat sugply circuit for
supplying current to the loads, a polyphase inverter circuit for instance,
has different breakdown voltages. In the above 20 example, when using
the motor having a rated voltage of 200 V (rated power of 2 kW), an IGBT
IRt aling a breakdown voltage of 600 V is employed for an inverter.
Accordingly, when using the motor having a rated voltage of 400 V (rated

power of 2kW),  ppy.. Icp - Vec- (é - 39— COSQJ ~(5)
0

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]

PA= (MZM] -Esw{on) - fsw -+ (ij - fep - Vee(sat) (6}
T 4

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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an IGBT element having a breakdown voltage of 1200 V shall be
employed for an 25 12 inverter. (A3) Improvement in Static Losses The
static losses in an IGBT element are inversely proportional to the rated 5
voltage of a load, as described above. The static losses in an IGBT
element are therefore improved if an IGBT element that is employed
when the rated voltage of the load ig Emultiplied k-fold (hereafter also
referred to as a "high-breakdown-voltage element") has a saturation
elemeﬁl}oﬁ%tsé’gc\t}i%%(sat) across a collector and an emitter of less than k-fold.

h [ i igh-b d - I t
S T T A e e e R o
| ifi ft | ferred to as.a .
B B P AR A TR §Bpoportona

to its r%!@@}%%@.reﬁm RERYES: FaY el FYER W%ﬂéqgeds}égﬁéqiﬁég %%?eincgﬂeachieve

high-breakdown-voltage €lement are bigger than the dynamic losses in

almostii® b eakdawpriaiagerslementsdhe M@lehlﬁﬁﬁc?% bl ‘ejo?trz%e of 200V and

improved if the increment is compensated for by a decrease in static

a motdphaemoSUeIDssREJEONLHONS s thaaumahstaticlansesandahnamingw,
losses will be described later. In this section, a description will be given

have amaistiyhofsamsageodheref thequynachibdessesanofhievolutions so long as within the
high-breakdown-voltage element are set to the same as the dynamic

boundfogsiés mithgs.|Oinrisaldmgnd olttgeeiement, ROrkEigqhishbws: githeoltages of
indicating the relationships between the turn-on losses Esw(on) and the

loads teelinierihp rappuniod (satk serdas saleoitdetstien degree wiftfmeitpyarious

The dynamic losses in IGBT as expressed 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 power of 2 kW), an
IGBT element having a breakdown voitage of 600 V is employed for an inverter.
Accordingly, when using the motor having a rated voltage 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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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, respectively. To incorporate the influence of
the current value Icp, turn-on losses 25 Esw(on) per pulse are shown
upon passing a current having an effective value of 20 A 13 (namely, Icp
= 28.2 (A)). The graphs H3 and H5 ar&for third- -generation and
fifth-generation high-breakdown-voltage elements having a breakdown
inveaiéage of 1200 V, respectively. Assuming that a current flowing through
the load is half the low-breakdown-voltage 5 element, shown in the graphs
are turn-on losses Esw(on) upon passing a current having an effective
value of 10 A (namely, Icp = 14.1 (A)). That is, each graph shows turn-on
lossesBEswlowrpempulsenbtaiv thestsad has a rated power of about 6.9
kW. When comparing the third generation high-breakdown-voltage and
low-brd@edtiitJorigele amErtT wiempes tara-sry iosdE PRywitaNeinghe rated
set to 1.12 10 (mJ/pulse), for instance, the low-breakdown-voltage

vo éﬂra?n Foadity dsattidiohVshade v RaESdg%sr 21 I CRT siomsrtiattherefore

ment having a

ther h h h:-breakdow,
SRR AL o o o
muﬂ:ﬁ';b 8tﬁr %%\%%% i O%fsnOt et E,WAS% ('51%%1 l%e(*e)ﬁ fétgeent”) hasa

reak gee ement, herefore rea

sat@mﬁn&&?a%@b{%éé&f mws%van&m%fﬁﬂaaﬁd%%?%m@ 5?"5‘ és"%%ndma'iﬁ'c When

losses can be obtained, thereby forming an inverter with low osses

the Whemae mrasing the fiftbhosnerationighs Ee@#éﬁ%wel%@ 1%% less than the

low-breakdown-voltage elements, with the turn-on losses Esw(on) being
dy8ehio 8365 in an IGBT element that is employed under normal conditions (hereafter

also referred to as a “low-breakdown-voltage element™), the losses PA in the whole IGBT
element are improved as well.

Even when the dynamic 1osées in the high-breakdown-voltage clement are
bigger than the dynamic losses in the low-breakdown-voltage element, the whole losses
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) and the saturation voi‘tage Vce(sat) across a collector and ‘an emitter in various
IGBT elements having breakdown véitages 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,
respectively,  To incorporate the influence of the current value Icp, turn-on losses -

Esw(on) per pulse are shown upon passing a current having an effective value of 20 A
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(mJ/pulse), for instance, the low-breakdown-voltage element having a

saturation voltage 20 Vice(sat) of 1.35 (V) can be obtained. On the other

hand, the high-breakdown-voltage element having a saturation voltage

Vice(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
(nafERingAn jlg\ge{]pgj)with low losses. 25 In such ways, when a comparison

is made within the same generation, an output 14 voltage can be

increased byrinereasing dhe breakdewniyoltagriofaRMaBd elgmentih-generation

Accordingly, with the load having a constant rated power, a current to he
higbtipakforwachibyirgelbmeasiled my avntakdvwerk caitie reflieeo o respectively.

thereby reduce the losses in the IGBT element and thus in an inverter for

- Aswhivhtiieat GBTuatarn élavisnegniptoyell. thhiddadiliovisd thduotiobricrinisvteroltage

losses in IGBT elements of currently available generations, and further
clepfatsshapibyete atsnhsiave RER 108308 oRi RS IHEp asiveISBIE elevemntsiaring an
past generations. More specifically, a high-breakdown-voltage element

etiggiing @ Beah bR delddralyad 181w ih tdhsiddhtios ek st tBywerHam-on
t of d ic P ired 10 of an IGBT el ti
oS CASKSHAT PR Ty LR BGLERE) R b Bverter, o

be defined as turn-on losses Esw(on). In addition, the rated pqwer of
load i divided By Vo ag(%e}'i'a’/alL\]It\(fés1 f\(?viceg?ﬂgr%lﬂ%ge%#é‘éﬁ%‘e\agl‘ﬁ%“é?%age and

‘ | t i i f fecti
zo@gygggf&%ﬁ%@% herehy to %h{ﬁ'g%r L%W@(}x?éyea%wﬁ%fm%%éggsg o 112

€ output current of the i ter (rated current o

mApR 0e AR SRMAle)for whigh s 1aiigh-DeakaanonRRgs leme Whitage
is employed. Then, a high-breakdown-voltage element

Vee(sat) of 2.3 (V) can be obtained. On the other hand, the high-breakdown-voltage

element having a saturation voltage Vce(sat) of 2.9 (V) can be obtained, and this

characteristic value does not reach twice (= 1200 / 600) the value of the

Jow-breakdown-voltage element. Therefore, a high-breakdown-voltage element capable

of improving the static losses with the same dynamic Josses 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

clement 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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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 20 Losses As can be

understood from the first term on the right side of Equation (6); dynamic

losses in an IGBT element are proporfipnal to a switching frequency fsw.

Thus, even when there is no other choice but to select a

high-breakdown-voltage element whose saturation voltage Vice(sat) is
volipgeecon rhormofetsedsdratiorryolgate live(sdtyof aiGge of an IGBT element.

low-breakdown-voltage element, the losses PA in the whole IGBT element
AceripatLsvidydeedoad shitenig freagiaricyafed, mkisn semyrsofficidrtiputput for

small, compensates for an_increase to some degree in static losses. The
achipdrfithe dertsk SHALHiING gk erepisrdbspdnle Brrebmcndyindpbaess in the

in the whole IGBT element depends o h h the selected 5
T AR VB 120 ST er bR P SEegt Eximaipatia s

al A RHRIYAIRIE VICRISP D, RISIPNEE Lo INE WL BISAKAONANOIA0E ions.

element. 10 IUstrate IS, a csielscrlp on will'given o .
AEAMLIHRAMINNER BN 3 IRcLamentAVGR R saturation voltage jn an
o IGBT eelemenst (h#gsg}f'z}-breakdown-voltageﬁ)eﬁseér‘gn(a%‘j‘rflltt)ﬁv&ﬂﬁ}q?g}%Ir‘tfa%\c{[:(eeiﬁo?aeiementS of
pastgEtaimgeneration IGBT element (low-breakdown-voltage element) have

10 influences on the switching frequency fsw capable of reducing the
losses\PdRiR@ADIE ol GBH-Blemes =lem EvRiQn(Q)idreses £l 88dclected

PH in a low-breakdown-voltage element and high-breakdown-voltage
as felémnent supplyingihesfaioanoues o dlpagrafR@xiessadibYosses Psw required
of an IGBT element in an inverter and =/ 2 is divided by a switching frequency fsw of the
inverter, to be defined as turn-on losses Esw(on). In addition, the rated power of a load
is divided by a voltage value twice the voliage effective value of a power supply and
thereby to obtain a maximum value of the effective value of the output current of the
mverter (rated current of the inverter: 10 A in the above example) for which the
high-breakdown-voltage element is employed. Then, a high-breakdown-voltage element

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

3

even when there is no other choice but to select a high-breakdown-voltage element whose

saturation voltage Vce(sat) is twice 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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Equations (7) and (8), respectively. It is assumed for brevity that an
inverter using the 15 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 1/k =
1/2. The turn-on losses Esw(on) and saturation voltage Vice(sat) in the
low-breakdown-voltage element are irfdicated as EL and VL, respectively.
[Numeral 7] 20 .Icp.VL ...(7) PL=[Z].ELfsw+(l) 4 [Numeral 8] 25 PH=I

reciiclet AER WO EsWit{ A reb VA VIR B HETHE dritluenascandiion tbalates for an
satisfies PH < PL is expressed by Equation (9). [Numéral 9] 5

incrisbwolbwy destee iiswstE GyevdsAVice).Icp/AEsw ... (9) A tradeoff
between both characteristic values in regard to the 10
high-brEakdpeenticoltags elemeatthisgdiroxtimatethvby dpgtRtioneiikifigrthe losses
instance, constants A and B in Equation (10) are almost 13.8 and -2.39,
PAresipectibely, whedgarthid T thelgrireng e ndapivls high-breakdowmaloltahe  selected
_element, and the constants A and B in Equation (10) are almost 5.62 and
higlyrgakdapactiobRganciegand toerasihigeABratonlosses Esw(on) and saturation

voltage Vce(sat) with reference to the low-breakdown-voltage element. To illustrate this,
a description will given of how an increment AEsw of turn-on losses and an increment
AVce of saturation voltage in an IGBT element (high—bre'akdom-voitage element) with
reference to a certain generation IGBT element (low-breakdown-voltage element) have
influences on the éwitching frequency fsw capablebf reducing the losses PA in the whole
IGBT element.

From Equation (6), losses PL and PH in a Iow~breakdown-voltage element and
high-breakdown-voltage element supplying the same 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 1/k = 1/2.  The turn-on losses Esw(on) and saturation voltage Vce(sat) in
the 10W~br¢akddvm-voltage element are indicated as EL and VL, respectively.

[Numeral 7} |

A

PL :(3] -EL - fow + G) dep- VL ~(T)

[Numeral 8]

PH= [2«) “(EL + AESW) - fsw + (i—] (%EJ (VL + AVce) ---(8.)
T .
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high-breakdown-voltage element. 15 [Numeral 10] VL + AVice = A (EL +
AEsw)_a ... (10) Figs. 2 to 5 are graphs showing an area where it is
desirable to employ a 20 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 QI having turn-on losses EL afd a saturation voltage VL of 1.30
(mJ/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 25 1.04 (mJ/pulse) and 2.34 (V), respectively, and
a breakdown votidgenflé00aUs Selddted R ifondpigsskistani@Biicalément
Q3 having turn-on losses EL and a saturation voltage VL of 1.00
(mJ/puldayngrdl P11 (V), respectively, and a breakdown voltage of 600 V.
Selected for Fig. 5 is an IGBT element Q4 having turn-on losses EL and a
saturation voltage VL of 0.54 (mJ/pulse) and 1.40 (V), respectively, and a
breakdown voltagqW

af600Q.V. 5 In ary af those ipstances, as the switching
frequency fsw of t @?ﬁ%@?’iﬁ%‘%{s@?} &M dbdipabidbRiect a

high-breakdown-voltage element in a range with a small increment AEsw
of turn-on losses. Or to put it further, as the switching frequency fsw

increases, it is desiraple gg §_e)e; hg{)-ﬁt%p;q?é%jpx@%olta(gg elementin a

range with low turn-on losges/ Esw{on) i current. Itis still further
desirable that the 10 increment AEsw of turn-on losses be negative
(namely, the turn-on losses Esw(on) in the high-breakdown-voltage

elemert begguugtithanthedyMuImossRerickeldstite values in  regard to the

low-breakdown-voltage element). :
high-breakdown-voltage element is approximated by Equation (10). For instance,
constants A and B in Equation (10) are almost 13.8. and -2.39, respectively, in regard to
the third-generation high-bfeakdown—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 where 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 Q1 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 turm-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



10

15

20

25

When the switching frequency fsw is 7 kHz or less, the losses can be
reduced substantially lower than when the low-breakdown-voltage
element is used regardless of 15 the turn-on losses in the
high-breakdown-voltage element. The reason for this is as follows. As
shown in Fig. 1, a third-generation 1200 V IGBT element Z| has turn-on
losses Esw(on) of 2.10 mJ/pulse, and & difference from the turn-on losses
in a 600V IGBT element QI of the same generation is almost 0.8
forilpuisenA diferaesein rnenodepssesibetueen the IGBIalemeifle VI, of
and a 600 V IGBT element Q2 of the same generation is almost 1.06
1.0mJfplisesBign@ tanCerniagpthre @R Taalembriaishawsihat #igdosses Selected
are smaller in the IGBT element having a breakdown voltage of 1200 V
fonderd arinkiéthentesvdiarimpulosseddssOsdhi Maliseanriess aotlage VI, of
the switching frequency fsw is 7 kHz. Fig. 3 concerning the IGBT element
0.5¢ prshpwsctadietd S¥e s ereestiveler 28! in theald®Mmetetrant AN Y a
breakdown voltage of 1200 V when an increment AEsw of 18 turn-on
losses'® #1750 MIHpesse BFRSS APt witkiiNg Srdtnausag»slivs fkihg. inverter
. Likewisg, a qgth- eneration 1200 V IGBT element Z2 has turn-on losses

INCEARABNY OF LCHEPI/PRISEeand ighrRreHe BT et Hsarested fage with a
600 V IGBT el 3oft 5 iQn is al t 0.1 mJ/pulse.

et b e e e A R

fsu!’c%x%l-egé%gnﬁq%s%ésgamg FSEGe0 %E(%}A{/gt?régka n OSIV%T?&? fr:n é]{gmutlss 'in'.:eli 'aﬁge with
e 3s Sgdl’ [2)

concerning the IGBT element s that the losses®are smaller in

loCRE-sleMRRthavng A Preakdewn veltage of 1200 Mwhen & %@gﬁms“{hm the

AEsw of tum-on losses is 0.2 mJ/pulse or less and the switchin

incH@RUANEY SV IS kIdR. 16iGe PLRONSBRNRAY I KRB Thd A Slerent Q4 BROWE) in the

~ that the losses are smaller in the IGBT element having a breakdown
high-breakdown-voltage element be lower than the turn-on losses EL in the

low-breakdown-voltage element).

When the switching frequency fsw is 7 kHz or less, the losses can be reduced

substantially lower than when the low-breakdown-voltage element is used regardless of

the turm-on losses in the highwbreakdovm—voltage element. The reason flof.. thisl'is as |
follows. | |

As shown in Fig. 1, a third-generation 1200 V 1GBT element Z1 has turn-on
losses Esw(on) of 2.10 ml/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 tum-on
losses between the IGBT element Z1 and a 600 V IGBT element Q2 of the same
generatidn is almost 1.06 mJ/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 mI/pulse or less and the 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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voltage of 1200 V when an increment AEsw of turn-on losses is 0.80
mJ/pulse or less and the switching frequency fsw is 7 kHz. A motor used
for compressing a refrigerant is typically not required of a quick response
to changes in the number of rotations and torque, and causes no
noticeable noise 15 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
urn-ofdesiseh by Lot AR E0 W Hrnddhe rvasliairsarenmotor for/ddige that

requires noisg control. Meanwhile, a switching f;reéuency is set to about 3
I

KHE TSV AdUilosmairboRditidher KHX trimemfaIas Suiior laptgs Eswlon) of
d , f fri 20 havi ted b
L0 S e RIS e s v

s especially effective for an inverter that supplies current to a_motor
S e L Lt B DReLh T BBy Shaegh e 1GBT

eiemeﬁ@?%ﬂ@?ﬁ@ﬁ@@]ﬁv%ﬂ%ﬁ@ﬁp'Eﬁ%: ertﬁl% %@%%9&9[%}? Iy {1{[@3%8 .g%sgvmpuise.

invention will be described below, 19 Ing as an example an inverter

Fig. 4 akeHRRYSSCMIENLIORMRIATRHR COMRIRSEREAS.AD ail.ganditiongip(Bl)

Losses Reduction in Inverter 5 Fig. 6 is a flowchart illustrating a method of

clemeRESIGHPY BrebERMSUBRAL CHEYT0ACCORIAG IO IRERISRENL IVEPHRR-JR Tosses is
advance of designing the current supply circuit, a rated power G of the

0.2 m¥ipotee iz predeterininedibdsgdroquitie abilitysrequiredrot the0peBIRIRS 8N IGBT
Also known is an effective value voltage F of an AC power supply that is

elemesndlofied faharibingthes aie sonditicinahinchRiing dhembietand thakdown
inverter that supplies

voltage of 1200 V when an increment AEsw of turn-on losses is 0.80 mJ/pulse or less and the

switching frequency fsw is 7 kHz.

A motor used for compressing a refrigerant is typically not required of a quick
response to changes 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
swiiching frequency fsw capable of realizing an inverter at low cost is employed. For
mstance, 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 refrigerator
having 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 compressoz.

B: Description of Preferred Embodiment of the Invention

A preferred embodiment of the present invention will be described below,
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10 current to the motor. First, at step S21, a maximum value of an
effective value of a current supplied from the inverter (rated current of'the
inverter) Im is obtained based on the rated power G of the motor and the
effective value voltage F of the AC power supply. This is specifically
determined by Equation (11). 15 [Numeral 11 | Im=G/F/k/,/-3 (11) The
constant k denotes a ratio between different selectable breakdown
voltages 20 in an IGBT element, and should be the same as k used in
takiph3)s Witk IGBIE etemesisahH 0Py 1260 obeing selgatablapfessor of an air
instance, k = 2. Processing then continues with step S22, to set a
conghtitetiing 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. 25 Step S23 is then performed
to determine whether the switching frequency fsw is 20 a predetermined
minim Bl VERissRedsr #Bie. Mt inimum value fswo is selected so

that the above followability falls within a desirable range. A descriptionis |
given ituhen & BB&?&‘@&MHMiW%@%%@E&Bl@gCW%%WBH%?HCUY[

_ accs%aan%fl t'hs sugggrﬂuené%%erfo ed to det(érlg?ine wheﬁtggr losses PH lin a .
B high-Ore AkBSA-VOItAge Blement Q& fEWertHARTESSRS YR supply circuit, a

ratég;g’t @k@OWP-eﬁ%'t%%%'%@d?%@g%%ﬁgq%% S@gsg ic§ﬁgf ﬁ%&&?g% %%%Ped of the

e réspective magnitu sses are ined

corCRBIINNG YRGS IRV EeRkHWRRLAYR SIEPRRSH 30 ¥BURYSupply that is
high-breakdown-voltage elements. _
employed for driving the air conditioner including the motor and the inverter that supplies
current to the motor.
First, at step S21, a maximum value of an effective value of a current supplied
from the inverter (rated current of the inverter) Im is obtained based on the rated power G
of the motor and the effective value voltage F of the AC power supply. This is

specifically determined by Equation (.1 1.

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

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

600V and 1200 V being selectable, for instance, k = 2.

Processing then continues with step 522, 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 523 is then performed to determine whether the switching frequency fsw is
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When a positive determination is made at step S24, processing then
continues 10 with step S25, to design the inverter with
high-breakdown-voltage elements. When a negative determination is
made at step S24, processing returns to step S22. As can be understood
from the above explanation in "A: Basic Idea of the Invention”, the lower
the switching frequency fsw, the likeli@f it becomes to design the inverter
using high-breakdown-voltage elements (see Figs. 2 and 3, for example).
a prddueARiile Siehing JEeuIency funtade 8. mieduaad eRetNE SR cted so
S22 is performed. After that, a determination is made again at step S23.
tha\Mitesbaveegitivesigterminaiianiis Mrdeaalsianss23, processing then
continues with step S26, to design the inverter with _
low-bréakdaniptiveltag el etemdénisicAsshpsshsendiesaribedolGB hetkmentsp $23.
to be employed for the inverter are 20 selected appropriately based on
In shelratsd, poswel @ &f hdsagtontndthdeiattivedetdueinoidgthBrdbthes PH in a
_ AC power supply, which allows the losses in the inverter to be reduced.
higirheskeenat-mealpsse Passad rsnoyaigiby darsswi-visitade wibresistoratbeoltage

employed when designing the inverter with a high-breakdown-voltage

eleRthentHSHERISPEIRURSCHlis B oy BTk fisipeiive magnitudes of the
high-bre wn-voltage element to be emplqyed 25 when designing the
050 e ] TG AR P TG BTN oA R R 9 S s

an g%ergstg%ﬁlr:%?%/atgg?%%g%gbﬂ a3‘é((:?)arr%‘:t:]prng3rrr1]hti%;h-breakdown-voltage element is

1
alt the carrent that may be he low-breakdown-voltage

elemeryy This reayires a. smallef chip area %}j&s '%gévf Oﬁ%&%@ﬁgﬁ%ﬂ”&mﬁmw

the advantage of cost reduction. Of course, the rate age of & motor

- witWbep designing;thednverieryithid ighiierkdownyriage slements

(step S25) is k-fold the rated voltage of a motor when
When a negative determination is made at step S24, processing returns to step

S22.  As can be understood from the above explanation in “A: Basic Idea of the
Invention”, the lower the switching frequency fsw, the likelier it becomes to design the
inverter using high-breakdown-voltage eiemehts (see Figs. 2 and 3, for example). Thus
the switching frequency fsw to be set is reduced each time step S22 is performed. After
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 10w~breakd0wn~v0itage elements.

As has been described, IGBT elements to be employed for the inverter are
selected appropriately based on the rated power G of the motor and the effective value
voltage F 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 element 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 element. In the above



10

15

20

25

designing the inverter with low-breakdown-voltage elements (step S26),
which is twice in the above example (when the high-breakdown-voltage
element has a breakdown voltage of 1200 V, and the
low-breakdown-voltage element has a breakdown voltage of 600 V). Fig. 7
is a circuit diagram illustrating a current-supplying technique with an 10
inverter as designed above. A diode b’r]-dge (which includes voltage
doubler capacitors) 22 applied with an AC voltage having an effective
exargle ofi20Q VhdranaABAG REWRLEURPY dh-OF ISHE-PIRSE: 200 ¥nt is half the
power supply, performs voltage doubler rectification, and provides an
curivuertert4@ayithea DA vidltagehy do vibedmosthingieifeuildrenthe TikertQhires a
42 includes series connection of two IGBT elements having a breakdown
smydtragiep1Besf a2be MBI ebuhaphadéommntitbetltensrz A costendafieach
phase from a node of the series connection to a three-phase motor M2.
As the'tfiotsfiddic2iad|rgdegredapasntrs fohperfomgingyditageverter with

. daubler, rectification, a reactor 5 is disposed on the AC power supply |
hlggr é%%f’r‘?%*‘é’fé%%%%‘?ﬁ?”éﬁcf&@%ﬁ&éf sXiiplddhsaairsreiisgatot a motor when

tification in Fig. 7. Th ike th thing 20 circuit 31, th
e AT SR 2 A e PR AL BSR4 Xpisigheice i

T S T B e

of { 996‘GirE%E‘%HQYSQ%Q&‘&’&%{%?&?J&éﬁ%ﬁ'@%%%%rb‘%%ﬁﬂé‘o%d%ﬁ%g‘ggﬁﬁ@ V).

motor of a certain rated power produces a mechanical output o

the viginity 0§23 itsrEating:s SHESHGHRN e?fc%ﬁ‘ély—\édﬁ?lfgfiﬂgr}gclﬂmage with an

inverter 42 with respect to the 22 inverter41. The present invention
inv&@@l_lﬁﬁb@igﬁ&@ﬁ%wen@(ﬁﬁ@%ﬁb@@%ﬁ%ﬂ%@é%ﬁﬁe doubler capacitors)

22 applied with an AC voltage having an effective value of 200 V from an AC power

~supply 1, or a single-phase 200 V power supply, performs voltage doubler rectification,

and provides an inverter 42 with a DC voltage Vde via a smoothing circuit 32. The
inverter 42 includes series connection of two IGBT elements having a breakdown voltage
of 1200 V for each phase, and outputs an AC current of each phase from a node of the
series connection to a three-phase motor M2.

As th§ diode bridge 22 includes the capacitors for performing voltage doubler
rectification, a reactor 5 is disposed on the AC power supi::ly 1 side with reference to the
diode bridge 22 to realize choke input rectiﬁcaﬁon in Fig. 7. Thus, unlike the smoothing
circuit 31, the smoothing circuit 32 includes no reactor.

| It was established by experiment thét 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



(¥ 4]

10

15

20

25

employed, but when a three-phase AC power supply is employed. Fig. 8 is
a circuit diagram 5 illustrating the configuration of a three-phase voltage
doubler circuit. When compared with the circuit shown in Fig. 7, the
single-phase AC power supply 1 is replaced with a three- phase AC power
supply 13, and the diode bridge 22 is replaced with a diode bridge 23. The
diode bridge 23 includes three capaéiors for performing voltage doubler

, rectification. Again in this case, a DC voltage subjected to voltage doubler

mvertgpddfication is supplied to the inverter 10 42 via the smoothing circuit 32.

Therefore, the aforementioned effects can be obtained by applying the .
preSeRERVE MG 19 TdrmAmeaRe Aet ol Xuithemgripade: Wn&)éﬁaﬁ’éf supply is

elements. The losses can be reduced further by the diode bridge 22
el TR e GO e BT Eh I D GETATBAE o ok crct iagram

. i [l- tification. This js becau current sed from .
1I.lustr#1%{ézlrég'a%ﬁ? u\{\é%\cl)?l (r)%% 'tflla(r:ge- ase x{%fr%ga é \171\/%1% iSedit eRisupared with

power supply 1 always flows S'in

the cirPi96 A WG[EaS zﬂ%esﬂiggipr?ggﬁﬁ@%é%y%‘?;g%?é‘ﬁa}?%gﬁg%%fe&koé’mp&-

L1 U
voltage doubler rectificati erefore incluges only eina

phase UITBHRBANIFO NG AAGHRANRT: B1RRY b ACEHring %tiﬁ)gi&f&l@faﬁgﬁ% The

produced in a diode, the diode bridge 22 produces losses only ha

diode bl a3 thellasses:a tapadiasie RIIGERAnMRRIINGIAUNSIBPRY I fication. Again

experimental example, when a motor of a certain rated power 20
in thispreducEX avoleghanisataudtput of: 3000 Vbier e iiniynak ke falied QRS Sverter
reduction of 25.7 W was found in the diode bridge 22 with respect to the
42 viadlgdaerontye2drdniadiitibinrafoen therafiiomofaiceethiffeatedapiwerbtained by
produces a mechanical output of 2770 Win the vicinity of its rating, losses
applyipadhiedopsontiovemionds foundhnithediods britye g2 withkdespeebiaghelements.
diode bridge 21. 25 The losses in the diode bridge are further explained
in el Prossbsafipther by the diode bridge 22 performing voltage doubler

rectification than the diode bridge 21 performing full-wave rectification. This is because
current passed from the AC power supply 1 always flows through two diodes in 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 experimental example, when a motor of a certain rated power
produces a mechanical output of 3790 W in the vicinity of its rating, Josses reduction of 25.7
W was found in the diode bridge 22 with respect to the diode bridge 21. Tn 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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per diode can be estimated by the product of its forward voltage drop Vf

and a DC current Ide output from a diode bridge to an inverter. In.

consideration of Equation (11), the power losses Pd are calculated by

Equation (12). [Numeral 12] 5 Pd = Vf - Idc.=Vf - Im GI(Fk vi) ...(12) 10 In

the diode bridge 21 performing full-wave rectification, where current

passed from the AC power supply 1 &R/vays flows through two diodes as

described above, the power losses are calculated to be 2Pd. On the other
perfing: ituthe: diatedriige B2 ppetfeining velaar deudler drgiificationa DC current

where there is only one diode in a current path from the AC power supply
ldclothpipdwer losedeabe daiaolatedrtodbePd 11 Scdhmidetitosetctignation (11), the

between a low-breakdown-voltage element or a high-breakdown-voltage
posteinsataldaard GBIulethbn Hiavetinsidé?ation of the losses in the diode

bridge depends on, using the losses PL and PH in Equations (7) and (8),

which BNBm§fP L2 2Pd and PH + Pd is higher. Put another-way, a _

high-breakdown-voltage element should be selected when Equation (13)

holds true and a low-breakdown-voltage element 20 should be selected

when Equation (13) does not hol ryg)rfpﬁfduce the sum of the

respective losses in the diode bridge arid 1fithe inverter. [Numeral 1.3]

PL>PH-Pd ... (13) 25 _we. 3
Vi 5 Im
=G/(F k- v2) «(12)

In the diode bridge 21 perfofming full-wave rectification, where current passéd
from the AC power suppiy.l always flows through two diodes as described above, the
power losses are calculated to be 2Pd. On the other hand, in the diode bridge 22
perfoming 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 clement in consideration of the losses in the
diodf 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-breakdown-voltage element
should be selected when Equation (13) holds true and a Jow-breakdown-voltage element _

should be selected when Equation (13) does not hold true, to reduce the sum of the

- respective losses in the diode bridge and in the inverter.

[Numeral 13]

PL>PH-Pd (13
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24 Fig. 10 is a flowchart clarifying the above decision, which corresponds
to Fig. 6. In the Fig. 10 flowchart, the step S24 in the Fig. 6 flowchart is
replaced with step S24D to make a decision based on Equation (13). Fig.
11 is a graph showing an area where it is desirable to employ a 5
high-breakdown-voltage element in view of the sum of the respective
losses in the diode bridge and in the ffiverter. Selected here is an IGBT
element having turn-on losses EL and a saturation voltage VL of 1.04
(mJ/prige) @ndai3dEMAr T eRREGIVE healtd & BieRkdoWMNAItage-0f &R W Tig. 6.
like the one described in regard to Fig. 3. Calculations were done by

In thediiming floatchdarwiardivpliageisimp Meiss KD WVeHo R apaead nearercths24D o
origin side than a curve 102 is, the losses in the diode bridge and inverter

“makan decradubaseflioth&qudtem 4 13igh-breakdown-voltage element is

employed than when a low-breakdown-voltage element is employed. For
compdfigont putbosestaple ghaptinghamn drerigviBreappéardeasadleunee employ a
. 101. The curve 101 is nearer the origin side than the curve 102 is.
highrhrrafopmsanings siBnenis B iRY 105 8es sHnel disde meatee dessgein the diode

. capable, of reducing the losses expands further when a ]
bl‘l%ﬁ}ﬁéa 8\)\7?1"-?}5%9985}8%%?@%}1%ﬁl’b))@fﬁ&}FWﬁ’éhh&“ng turn-on losses EL

oo B B L RN PRI RECTEEAS . o «
breNHIRGH q/lojtét]g]:%s%vf; g?)%+\},(\1/ikéAMéC%}llg pc!égczl)i’f)aélﬁzlsxvr\{]rgg%}dacg %ig. 3. Calculations
were done by assuming that a forward voltage drop Vfis 1.5 V.

In an area nearer the origin side than a curve 102 is, the losses in the diode
bridge and inverter can be reduced further when a high-breakdown-voltage element is
employed than when a low-breakdown-voltage élement 1s 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 Josses in the diode bridge, an area capable of reducing the losses expands further
when a high—breakdom—\‘foltage 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) - Iep] / [(%J - AFsw] (14)
7T

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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While an IGBT element has been used as a switching element of an
inverter in 25 the above description, the present invention is applicable in
the same fashion with the use 25 of other switching elements. Moreover,
the voltage obtained from the AC power supply 1 is not limited to have an
effective value of 200 V. The present invention is applicable to a power
supply having an effective value of 260 V to 240 V (referred to as a 200 V
system power supply 5 in the present invention), for example. (B2)
of dveduiatzing of &edesBridge and Inverter The use of a
high-breakdown-voltage element for an inverter has the advantage of
requirivigiesraglibiccusent shtgnas tescriked abgy@cHAWBMEN, Mot fimited to
inverter using a 10 high-breakdown-voltage element has a higher input
havgcitaeféetiione anlirveft2diding Aepwrbreakdoamivoliagereiesnto i isower supply
therefore required that the lines between the diode bridge and the inverter
havigipe gfieet ieoraltieeoS 08 N dingdWitlrelérinstdl hremial 30 Weytdge. fnwer supply
. view of the foregoing, it is desirable that the diode bridge and the inverter
in the PHRSSHEYIRES B g)?ﬁéféﬁlél.eﬁg. 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

' bstrate 62 and.an aluminum strate 61 that are vertically
3230@35%(?5 E?‘rﬁ%%%ﬁ%vﬁ#%&#& aﬁﬁ?ﬂ?ﬁes of the print_
o 8 B S B S B o antage

circuit plate wer components andle a e

of NS 9%Wﬁﬁ&t&%ﬁ@&iﬁgfa@%%%%w%!si%é%f&%&&? §EHS er using a

motor controlling module 50 are all bare chip mounte
high-breakdown-voltage element has a higher input voltage than an inverter using a

low-breakdown-voltage element. It is therefore required that the lines between the diode

bridge and the inverter be insulated from the sutroundings 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. Flectric 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 intérfaces
should be cut off from heat generation and noise by other electric components, and is

therefore mounied on the print substrate 62 on which components with a great amount of
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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 25 therefore mounted on the
print substrate 62 on which components with a great amount of 26 heat
generation are not mounted. Control é8mponents with no (or a little
amount of) heat generation are also mounted on the print substrate 62. A

heangldingnpateriah8l ntOvaEs (e BAWST COMRANSILSit m&dmmmm of)

and the other components on the aluminum substrate 61. The molding

heamgtered & cavessthercamponanihonthe pibLG:subtrata 62 aginelnaterial 81
Modularizing a diode bridge and an inverter is especially effective in a

~ covRighttiorgakdoveonpliagereEmertipadinisoissad ahol end\itiler thenipe@ntitnon the

has been shown and described in detail, the foregoing description is in all
aluggpeetssilhssmiivd andhromeldingtivetdtial théreforesuthderstopontias on the print
numerous modifications and variations can be devised without departing

subtptethé aeapsdl. 10MpdntainanRchody bofgmant, o durrsier suipppyairdpietfective

applied with an AC voltacfg{‘e of a predetermined effective value voltage to

in RS SHRYR REcEiFrRrRt P a B B1sPR4d of a predetermined
rated pawer, 5 said cusrent supply cifcuit comprising; a polyphase inverter
circuitm i}%d%%eﬁ’é?% e%ﬁ?fh EE?QWB cﬂ?ﬁ&@@ﬁ%ﬁe% dhgpforegoing
desgggg%)%] gnoa[ﬂe ég;?elgtgc}l?\yst@%ég Ia%@ Icl:O Ve r?ct:t?\te?acg 1‘%%?1% (r)gem ug e?schod that
numerous modifications and variations can be devised without departing from the scope

of the invention.
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series connection, and wherein said switching element is selected to have
a second breakdown voltage, said second 10 breakdown voltage being
twice a first breakdown voltage requised of said switching element when a
DC voltage obtained by performing full-wave rectification on said AC
Clain¥oltage is input to said polyphase inverter circuit, and said switching
element is selected to produce almost the same turn-on losses in a rated
L curent¥alugplsairt B MRNaseIRKertes eirgyih said aﬁi@%&%ﬁﬂg%v%#gﬁve

being obtained by dividing said rated power of Said polyphase o

value 1olugitage valueahringhwica saidefiacive @i ¥Qli898 028 BERP Y mined rated

losses (Esw(on) = Esw / 2) based on dynamic losses (Psw) required in
poweregard to said switching element and said switching frequency (fsw) of
said inverter. 2. The current supply circuit according to claim 1, wherein 20
sardxCrvoitagpof saidupredieteishiged effective value voltage is a single
phase, and said current supply circuit further comprises a voltage doubler
reciifyiaiedaiteperformignebidige detidercrectificatiar omsaittdGie elements
voltage of said predetermined effective value voltage to output a rectified
for eagh phgee ionbrppsljshaseipvent Stcares 8f The chwenfreupphodireditaid
. according to claim 1, wherein 28 said AC voltage of said predetermined
seTies SARpRTRDoRAG & IEIER is an AC 200 V system power supply: and said
second breakdown voltage.is 1200 V. 5 4. The current supply circuit

R BT TS AT S YA G SRR PSRy Wikt s second
breakgg\i)\gn%%l%gghea e?lrilrglvt%}gé g iﬁ%lsjt”blaégk o%%”x'%ﬂfxgg required of said switching element
when a DC voltage obtained by performing fuli-wave rectification on said AC voltage 1s
input to said polyphase inverter circuit, and said switching element is selected to produce
almost the same turn-on losses in a rated current value of said polyphase inverter circuit, said
rated current value being obtained by dividing said rated power of said polyphase load by a
voltage value being twice said effective value voltage, as 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.

2. The current supply circuit according to claim 1, wherein
said AC voltage of said predetermined effective value Voltag;e is a single phase, and
said current supply circuit further comprises a voltage doubler rectifying circuit
performing voltage doubler rectification on said AC voltage of said predetermined effective

value voltage to output a rectified voltage to said polyphase inverter circuit,

3. The current supply circuit according to claim 1, wherein
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5. The current supply circuit according to any one of the preceding claims,
wherein 10 a polyphase motor for 400 V receives current supply from
said polyphase inverter circuit. 6. Thg current supply circuit according to
any one of the preceding claims, wherein said switching element is an
IGBE alengited ark.fy methad afdasigning,a &&Eﬁ%@t\é‘ﬂﬁ’mf A Lﬁ_“t200 V system
applied with an AC voltage of a predetermined efféctive value voltage to

poweiokippiap@lyphase AC current to a polyphase load of a predetermined
rated power, said current supply circuit comprising a polyphase inverter
cisalitsarigdpebanase dtipearengirouit including series connection of
two switching elements for each phase, and outputting said AC current of
each phase from a node of said series connection, and said method
comprising the steps of: (a) setting a current value as a rated current

4. vdlbe ofrszit spohyplaseiimgertelingrouitlasaidl eureeritvalue being obtained
by dividing said rated power of said polyphase load by a 25 voltage value
bémd Ritesaiid e waiue voitaget wndimdy by selectite saidit are
switching element having a second breakdown voltage based on said

modulaiggurrent value, said second breakdown voltage being twice a first
breakdown voltage required of said switching element when a DC voltage
obtained by performing full-wave rectification on said AC voltage is input

5 tOﬁaid ol has}g?finverter circujt; 5 wherein in said step (b), as a switching
. he Cﬁ%?%&%? SARGHE BeeOT }ngté)a%@fs?;é%l the preceding claims, wheremn

freque
a polyphase motor for 400 V receives current supply from said polyphase inverter

circuit.

6. The current supply circuit according 1o any one of the preceding claims, wherein

said switching element is an IGBT element.

7. A method of designing a current supply circuit applied with an AC voltage of a
predetermined effective value voltage to output a polyphase AC current to a polyphase load
of a predetermined rated power,

said current supply circuit comprising a polyphase inverter circuit, said polyphase
mverter circuit including series connection of two switching elements for each phase, and
outputting said AC current of each phase from a node of said series connection, and

said method comprising the steps of:

(a) setting a current value as a rated current value of said polyphase inverter circuit,
said current value being obtained by dividing said rated power of said polyphase load by a

voltage value being twice said effective value voltage; and
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switching element is selected in a range with low turn-on losses (Esw(on))
in said rated current value. 10 8, The method of designing a current
supply circuit according to claim 7, wherein said AC voltage of said
predetermined effective value voltage is a single phase, and said current

e ; ' - ectifying circuit .
Zgggow@y%tJMH@%&BH}Q%@&ﬁ&yﬂmgngggg% SO EUHLee based on said

1 Q
orming voltage doubler rectification C voltage of Sai _

rated PERdeteunined;gifective niallkevaltagr %ﬁﬁg%&%@?ﬁg{ ¥Rllage 49, %f%%ige

polyphase inverter circuit. 15 9. The method of designing a current supp

requiretf ibAGCOFIMEH ORI T vlieB, MhereHlt-3aid e R:(P) fYLher FOmRTIRES ave
the steps of: (b-1) setting turn-on losses based on dynamic losses
rectificegjuived inicegarddngeits switchingialemestandsaidswitshing frequency
of said inverter; and 20 (b-2) selecting said switching element having said
wheregecond breakdown voltage, and producing almost the same turn-on
losses as said turn-on losses in said rated current value set in said step
(b 32iHGI9R Methdd BF ddsiunfiepacostréfveuplyidincuitiap pliedandthand
. AC voltage of a_predetermined effective value voltage to output a
switclpg FlREKBATSelGHIER LR da5ay prilisl 15 derneendbesps éBetdnminiodsridadted
power, 30 said current supply circuit comprising a polyphase inverter
currenlivalke- said polyphase inverter circuit including series connection of two
switching elements for each phase, and outputting said AC current of
each phase from a node of said series connection, and said. method

g, cqpp iril%ph%é%% gé%f?g%i%fg a current supply circuit according to claim 7, wherein
said AC voltage of said predetermined effective value voltage is a single phase, and
said current supply circuit further comprises a voltage doubler rectifying circuit
performing voltage doubler rectification on said AC voltage of said predetermined effective

value voltage to output a rectified voltage to said polyphase inverter circuit.

9. The method of designing a current supply circuit according to claim 7 or 8, wherein

said step (b) further comprises the steps of:

(b-1) setting turn-on iosses based on dynamic losses required in regard to said
switching element and said switching frequency of said inverter; and

(b-2) selecting said switching element having said second breakdown 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).
10. A method of designing a current supply circuit applied with an AC voltage of a
predetermined effective value voltage to output a polyphase AC current to 2 polyphase load

of a predetermined rated power,
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5 (a) setting a current value as a rated current value of said poly_phase
inverter circuit, said current value being obtained by dividi_ng sa!d rated
power of said polyphase load by a vgitage value being twice said '
effective value voltage; and (b) selecting said switching element h_avmg a
SecQ on said rated.current value, said
I e e e R oty phase

invertbe@uted plaRithswiiching glementwhen %&&%@g&gﬁ@fgg ga(t:]giahase, and

performing full-wave rectification on said AC voltage is inputto s
outpunblyRBRISE (nveriar ¢reut: Whareo:saichsudtshingielsment is anilGBLq
element, and in said step (b), 15 an increment of turn-on losses in rated
cusié mhatdluecohgaidiia B elepaertt having said second breakdown
voltage with reference to turn-on losses in rated current value of said
|GB Felgrpentinavingbaidfissthre akeonn vekagadsidefipsshasiadiMisQircuit,
the product of a value being obtained by subtracting an increment of a
said cygtiatidne Doltggebutisedd GBI dteneidt having saith Seqdn bisakdowd by a
voltage with reference to a 20 saturation voltage of said IGBT element
voltagr ¥@lvg Baipeivaisrasikddipntiveladecirottegaidusturation voltage, a
maximum value (Icp) of an output current of said inverter in terms of
siISEIaciWatRd AREThirg lcmcaehineass servdibrakdnamsaidteBtmsed on said
element gavin% %said second hreakdown voltage is selected in an area with

2 ToWerSWneRing HeBt arey W) br Saia Revaetsy isan fird hesthiontaniegee
reauis Y e b it pereehonne e

a current supply it app

rectification on said AC voltage is input to said polyphase inverter circuit,

rated

wherein

said switching element is an IGBT element, and
in said step (b),

an increment of turn-on losses in rated current value of said IGBT element having
said second breakdown voltage with reference to turn-on losses in rated current value of said
IGBT element having said first breakdown voltage is defined as a divisor,

the product of a value being obtained by subtracting an increment of a saturation
voltage of said IGBT element having said second breakdown voltage with reference to a
saturation voltage 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 terms of
sinusoidal wave, and (7 / 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.
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predetermined effective value voltage to output a polyphase AC current to
a polyphase load (M2) of a predetermined rated power,.sald current
supply circuit comprising a polyphasg,inverter circuit, sqld polyphase 5
inverter circuit including series connection of two switching elements for
1. eachphadeand Qe %tgﬂg&%'&r@ggga%@% é’ép ach phase I{egf‘fo’i‘(g%%dc?f%f

said series connection, and said comprising the sfle‘ps

predeReMting PeSrite Rt V@ih@@%@g@@gtﬁbﬁ% of i@dcﬁ)%le\fﬁ hase (‘i’\,\}’/%%e?% load

circuit, said current value being obtained by dividing said rate

(M2) saidpelyphasedoaddaynawtf voltage value being twice said effective value
voltage (S21); and (b) selecting said switching element having a second

breakdommvaligde dasedcomsaitng e GuHAR! Yk /S SRR oy phase
breakdown voltage being twice a first breakdown voltage required of Said
invertgituhifigreleriep toriernenBCticoltagobiained by pararriog Jubhwaye:, and
rectification on said AC voltage is input to said polyphase inverter circuit
outpuigEsyails\wharemsaid Al NVakadeof saidipretieiermined:efieative vaide
voltage is a single phase, and said current supply circuit further
crifpsElod vermssiastitetaectfying circuit performing voltage doubler
rectification on said AC voltage of said predetermined effective ’value o
VoI RESEBUER rEttR @8 4 BHag s1t Siitabenyphraié mueﬂ@secmgner circuit,
.. _Wwherein 20 said switching element is an IGBT element, and in said step
seid oL G SR O AR P NOHE By R O0r2] Aol aptimssshload by &

losses in rated .current ¥falue ofgfid IGBT element having said second

volta rer‘éaaﬁagq\?\}rq%%ﬁ%é%itﬁ R Ut%vﬁ]l%‘élﬁ%&@é’%EL) in rated cu rent
V?ﬂ)l}’%e%c%ﬁlg ég’u@ Iwel{gﬁ?l%] %lggl\gg‘gh%%.ﬁ%gﬁrasge%%enad(gl%\gﬂ?down voltage based on said

rated current value, said second breakdown voltage being twice a first breakdown voltage
required of said switching element when a DC voltage obtained by performing full-wave
rectification on said AC voltage is input to said polyphase inverter circuit (S25),
wherein

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

said current supply circuit further comprises a voltage doubler rectifying circuit
performing voltage doubler rectification on said AC voltage of said predetermined effective
value voltage to output a rectified voltage to said polyphase inverter circuit, 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 rated
current value of said IGBT element having said second breakdown voltage with reference to
turn-on losses (EL) in rated current value of said IGBT element having said first breakdown

voltage is defined as a divisor,
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25 voltage is defined as a divisor, 32 a value is defined as a dividend,
said value (Pd + (VL - AVce) Icp / 8) being obtained by adding losses
(Pd) for one diode included in said V%l ge doubler rectifying circuit to the
product of a first value, a second value, and a third value, said first value

VL - AVe¢ ' btaj by subtragti [ AV .
e e e L LTS Ea b cebrdrb i
obtaiﬁ@@;@gd\ﬁ’f- iglere r@ﬁg)%fao%%t {8‘3'8 i}lXRllE%%eénQ/Ii_(} % fi%aa igocﬁGL%Tele i%%%rr]itng

having said first breakdown voltage from said saturatio age, sai

circuip@EARAYEIUS: ((¢R) RSING3Maxiniym valle 9f an @H@H&f#r S ﬁ}iséaaiglue (VL -

inverter in terns of sinusoidal wave, and said third value being (I / 8), and

AVeesaidGRTaplementiavingsaid sesondhreakdoyy y Qﬁgﬁﬁﬁﬁlﬁ%@oﬁaﬁd

an area with a 10 lower switching frequency (fsw) of said inverter than the
IGB Trelsuienblaineg bydlviding said dividend oy said didisgicd? THeumetttage
of designing a current supply circuit according to claim 11, wherein said
(VL) ifleertelHAS siickawitahing fobd)tiendy ¢fndd sattelidddzont lerbsdbradon voliage,
The method of designing a current supply circuit according to any one of
said setairds 7t (Ip) Whieinmsaithpredetermified effpotivernaluer valthige da 200 terms
_ 'V, and said first breakdown voltage is 600V. 20 14. The method of
of sinyEAAING &Rt G Hpply elreueaucordifly 2octlaim 7, 8 or 9, wherein
said switching element is an IGBT element.
said IGBT e)gement 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 claim 11, wherein

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

13. The method of designing a current supply circuit according to any one of claims 7 to
12, wherein said predetermined effective value voltage is 200 V, and said first breakdown

voltage is 600V,

14, The method of designing a current supply circuit according to claim 7, § or 9, wherein

said switching element is an IGBT element.



