- 1 - TITLE OF | NVENTI ON ELECTRI C PONER CONVERSI ON DEVI CE FI ELD OF
THE | NVENTI ON 5The present invention relates to an-electric power
conversi on devi ce conposed of sem conductor sw tching devices.
BACKGROUND OF THE | NVENTI ON 10l n the variabl e speed drive, a system
using an electric power conversion device, that is, a system of
converting an alternating current froma conmercial power source to a
direct current by a diode rectifier circuait- or a PWM converter and
furthernore driving a 15nmotor at a variable frequency via an inverter
from snmoot hédTDE sonweiINYENGERar al . Wien a load to be driven
beconmes a | arge capacity and the voltage cannot be increased, it is
necessary to i ncEéaS&RHe RUWEBNCOANERHI G PHEICApacity of the
20conversion device and in such a case, a plurality of sem conductor
swi t chi ng devi ces conposing the electric power conversion device
(here, an 1 GBT wll be explained as an exanple) are often used |n a
paral | el cohn&&D & sERE eINVENTTH®Nconver si on devi ce usi ng

5 The present invention relates to an- electric power

conversion device composed of semiconductor switching

devices.

"BACKGROUND OF THE INVENTION

10 In the variable speed drive, a system using an
electric power conversion device, that is, a system of
converting an alternating current from a commercial
power source to a direct current by a diode rectifier
circuit or a PWM converter and furthermore driving a

15 motor at a variable fregquency via an inverter from
smoothed DC power is general.

When a load to be driven becomes a large capacity
and the voltage cannot be increased, it is necessary to
increase the current and raise the capacity of the

20 conversion device and in such a case, a plurality of
semiconductor switching devices composing the electric
power conversion device (here, an IGBT will be
explained as an example) are often used in a parallel
connection state. 1In the conversion device using

25 semiconductor switching devices, it is a problem to



25sem conductor switching devices, it is a problemto - 2 - reduce
the wire inductance to suppress the voltage increase during sw tching
and when the sem conductor swi tching devices are connected in

paral l el , suppress the inbal ance of the partial charge of current.
50n the-other hand, in patent literatures (PTLs) 1 and 2, the

af orenenti oned problemis solved by |am nating the conductor plate
connected to the positive pole of the H st sem conductor nodul e and
t he conductor plate connected to the negative pole of the 10second
sem conduct vedpoeultard ov i oenioppoiangEPotr¢i engpardts hythanvvoattiang t he
conductor plate connected to the negative pole of the first

sem conduct bncredslee candi hheswandhciroy gphdt vheonridet eskembecbhductor
positive pole of the second sem conductor nodule to form opposing
portions. 1SVAtPNLing, &svacsaublber csinmacteflonnsyppraksks hg shepress
vol tage increase of the sem conductor sw tching device, the so-called
RCD snubbertkér cuioe lconposel bheapsertiissl bodyrof & Snubbeentapaci t or
and a snubber diode and a discharge resistor for discharging the
snubber 20capacPnothies csupposkandThémefporteent diie tieo atther¢ s méPrag)ofl
switching of the parallel connected | GBT, even if a difference
appears in ahe Yol thdge aforémeshnibbed qapakclenr ilsetswelered heypar al | el
circuits, a reverse current is prevented by the snubber diode, so
that no 25ckzhihatimg dilre endniscgemeraltade conBected to the

positive pole of the first semiconductor module and the
conductor plate connected to the negative pole of the

10 second semiconductor module to form opposing portions
and by laminating the conductor plate connected to the
negative pole of the first semiconductor module and the
conductor plate connected to the positive pole of the
second semiconductor module to form opposing portions.

15 In PTL 2, as a snubber circuilt for suppressing the
voltage increase of the semiconductor switching device,
the so-called RCD snubber circuit composed of a series
body of a snubber capacitor and a snubber diode and a
discharge resistor for discharging'the snubber

290 capacitor-is supposed. Therefore, "due to the time lag
of switching of the parallel connected IGBT, even if a
difference appears in the voltage of the snubber
capacitor between the parallel circuits, a reverse
current is prevented by the snubber diode, so that no

25 osclllating current is generated:



The af orenenti oned RCD snubber circuit requires a diode and a
resistor, thus the conversion device can be hardly mniaturized, so
that there is a systemof connecting only a capacitor to both
termnals of the 5switching. device (called a clanp.capacitor). PRI OR
TECHNI CAL DOCUVENT PATENT DOCUNMENT , PATENT DOCUNMENT 1
Japanese Patent Lai d-Qpen 10Publication No. 2007-151286 PATENT
DOCUMENT 2: Japanese Patent Laid-Open Ruld i-cation No. 2010-98846
SUMVARY OF THE | NVENTI ON 15When the af orenentioned cl anp capacitors
are used, the &hanzbapacehbisnade RIOPNnestbteirn qparabiel rbyutiresna e
conductor plates, so that an LC circuit of a mnute resistance is
fornmed and dhenlea atid f&r eacesapprarshusn the capacitoiowobeades tdwer ebe
are 20possibilities that an oscillating current may be generated. |f
t he i nduct aheeddfy tmhiertateuitchet veentiihe paeald als consgsted cfanp
capacitors is high, the oscillating current when a voltage difference
appear s bet aesneidie rod anpl gapaciapersi tanndd be tsuppr essed,l sso £25tHmat
t he i nductance of this circuit needs to be reduced. - 4 - In
t he PATENT DOCUNENTS.ldawndc?, (ke liatiurct ahempofcadwcciochi.t f or ned
between the clanp capacitors is not considered and the reduction of
the inductance is . insufficient.
PRIOR TECHNICAL DOCUMENT
PATENT DOCUMENT
PATENT DOCUMENT 1: Japanese Patent Laid-Open
i0 Publication No. 2007-151286
PATENT DOCUMENT Z2: Japanese Patent Laid-Open

Publication No. 2010-98846

SUMMARY OF THE INVENTION

15 When the aforementioned clamp capacitors are used,
the clamp capacitors are connected in parallel by the
wire conductor plates, so that an LC circuit of a
minute resistance 1s formed and when a difference
appears in the capacitor voltage, there are

20 possibilities that an oscillating current may be
genérated. If the inductance of the circuit between the .
parallel connected clamp capacitors is high, the
oscillating current when a voltage difference appears
between the clamp capacitors cannot be suppressed, so

25 that the inductance of this circuit needs to be reduced.



The problemto be solved by the present invention.. is to reduce the
wi re inductance of the circuit formed between the termnals of the
sem conduct or switching devices connected in parallel in the electric
power conversion device. 10To solve the aforenenti oned problem the
present invention, in an aspect thereof, is an electric power
conversion device formed by parallel-connecting a plurality of

sem conductor nodules wth two sem conduct or sw tching devices
connected in series 15between the DC termnals, that is, an electric
power conver si oAndévicePARENTdDOG UMENT$ r $t andniZconduet dndmodulne sanolf
second sem conductor nodul e which are connected in parallel between
the DC terntheal sindelfifermedndsditvzenl ahe cdrmucrteupaoithe s irstnot
term nal 20of the first sem conductor nodule, the second conductor

pl ate connecpragitdend® fndstheemuchatt bbnt hé $éconichdeaiteorducitor .
nodul e, and the third conductor plate connected to the second

term nal s ofnshd ffijgistntand second semn conductor nodul es and having a
structure 25that the first to third conductor plates are | am nated -
5 - toSform oppdsienpypori¢mnse Weerssiivediebfi toe coramentonnventiival . ...
for electrically connecting the first conductor plate to the second
conduct or plat §cantdies sebend icenngcdwonaneemiofalt forcékeotiti dattyed
connecting 5the second conductor plate to the first conductor plate
are arrangedesweas ttdidet droaghtl sclaosetheosendicostdert ¢ haawtifiehing
di stance between any termnals of the first to third conductor

pl ates. Thedprésest daventted, iinn paiot hbelaspedthe islantric power

conversion device.

10 To solve the aforementioned problem, the present
invention, in an aspect thereof, is an electric power
conversion device formed by parallel-connecting a
plurality of semiconductor modules with two
semiconductor switching devices connected in series

15 between the DC terminals, that is, an electric power
conversion device including the first semiconductor
module and second semiconductor module which are
connected in parallel between the DC terminals, the
first conductor plate connected to the first terminal

20 of the first semiconductor module, the second conductor
plate connected to the first terminal of the second-
semiconductor module, and the third conductor plate
connected to the second terminals of the first and
second semiconductor modules and having a structure

25 that the first to third conductor plates are laminated



10el ectri c power conversion device formed by parallel- connecting a
plurality of sem conductor nodules with two sem conductor sw tching
devi ces connected in series between the DC termnals, that is, an

el ectric power conversion device including the first sem conductor
15nmodul e and second sem conductor nodul e which are connected in
parall el between the DC terminals, the first conductor plate

connected to the first termnal of thefixst sem conductor nodul e,

t he second conductor plate connected to the first term nal of the
second 20setcdeductapp ediube poaidi ahe, t Whededonduet of ipkat eonnection
connected to the second termnals of the first and second

sem conduct e rmidu lest andehavitng ce sty uctunecthatg ttheef Efsstto third
conductor plates are lam nated to form opposi ng portions, wherein the
connecti on 26ndugitrat wiabel sadithe poecond tonde cdommepl etlet @rche-lod

- 6 - the DCtermnals for electrically connecting the first

conduct or pkatengnd arireesetond teondiuca br fpraké eics mrcahygd chetnsedning
two connection termnals which are a | eading portion to be connected
--t-0 anot her bhe efeddral 5B dertriomalsldtent o hehehifrid sondantoctoy gilmte
According to a preferred aspect of the present invention, the wre

i nduct ance afet hergingad tsforsed hdiavdenoubbtit elwiswaf stof etkhé other
sem conductor switching devices connected in parallel can be reduced.
10Ther ef or et haheiihtehal ict bapceapadivans ane serodtnales df dheedtinst to
connecting a capacitor between the termnals of the first

semi conduct bhimddgloa ek et peéefictshe terminals of the second

sem conductor nodule, the oscillating current when a voltage
di ff er ence appeﬁh@ present invention, in another aspect, is an

10 electric power conversion device formed by parallel-
connecting a plurality of semiconductor modules with
two semiconductor switching devices connected in series
between the DC terminals, that is, an electric power
conversion device including the first semiconductor

15 module and second semiconductor module which are
connected in parallel between the DC terminals, the
first conductor plate connected to the first terminal
of the first semiconductor module, the second conductor
plate connected to the first terminal of the second

20 semiconductor module, and the third conductor-plate
connected to .the second terminals of the first and
second semiconductor modules and having a structure
that the first to third conductor plates are laminated
to form opposing portions, wherein the connection

25 terminal of a leading portion to be connected to one of



15bet ween the parallel connected clanp capacitors can be suppressed.
The ot her objects and characteristics of the present invention wll
be nmade clear in the Enbodi nents descri bed bel ow. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective view show ng
the conductor plate structure of the electric power conversion device
according to Enbodinent 1 of the present invention, 25Fig.. 2 is an
expl oded perspective view of the -7-.- lekam nated conductor plate of
Enbodi mrent 1 of the present invention, Fig. 3is a
per specti vetieeRCshawiminidhe Comparlisor bfalhy comhetDingl ahe first
structure for explanation of the 5effects of the present invention,
Fi gcoddusta par speet bnd vihew showndgcandouritangp $atectis e

exanple of the clanp capacitor of the present invention, Fig. 5is a
per spect i veavikewgsidowaigy ¢de CWQd@@HHed@pbatEe$mﬂnﬂlﬂewbﬁChh@re a
el ectric power conversion device according to Enbodi nent 2 of the
present invekaaflong portion to be connected to another one of the

5 DC terminals .from the third conductor .plate.:

According to a preferred aspect of the present
invention, the wire inductance of the circuit formed
between the terminals of the semiconductor switching
devices connected in parallel can be reduced.

10 Therefore, when the clamp capacitors are structured
by directly connecting a capacitor between the
terminals of the first semiconductor module and between
the terminals of the second semiconductor module, the
oscillating current wheh a voltage difference appears

15 between the parallel connected clamp capacitors can be
suppressed.

The other objects and characteristics of the
present invention will be made clear in the Embodiments
described below.

20
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the conductor
plate structure of the electric power conversion device

according to Embodiment 1 of the present invention,

25 Fig. 2 is an exploded perspective view of the



Fig. 6 is an expl oded perspective view of the | am nated conduct or
pl ate of Enbodi nent 2 of the present invention, 15Fig. 7 is a
perspective view show ng the conductor plate structure of the
el ectric power conversion device according to Enbodi nent 3 of the
present invention, Fig. 8 is an expl oded perspective view of the
| am nat ed conductor plate of Enbodi nent 3 of the 20present invention,
Fig. 9 is a perspective view show ng the7cenductor plate structure of
the el ectric power conversion device according to Enbodi nrent 4 of the
present inveanioated gzodduisocanpdediodell Prbspectane Vi ew thet he
25l am nat ed conductor plate of Enbodiment 4 of the present
i nvention, presefitg.irmvensianperspective view showi ng the conduct or
pl ate structure of the electric power conversion device according to
Enbodi ment 5 of Fihe @ esemt pavepeicdn,ve vieW ghowdrig wheecspeeatriiveon
vi ew showi ng the conductor plate structure of the electric power
conver si on @dévibe acootwdhgrt plEtsoditmenct 6ref fivhe eprebant tipventi drhe
Fig. 13 is a schematic bl ock diagram of the drive system of the
el evator tochhechst g prlesepresruéntimoreriOisnappl i ed, and Fi g.
14 is a parallel constitution diagramof the sem conductor nodul es
conposi ng the nEig.cidrcid ta ofetrhpeeltéwat orighowhowing p Munting
15DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

structure example of the clamp capacitor of the present

invention,

Fig. 5 is a perspective view showing the conductor

10 plate structure of the eleciric power conversion device
according to Embodiment 2 of the present invention,

Fig. 6 is an exploded perspective view of the
laminated conductor plate of Embodiment 2 of the
present invention,

15 Fig. 7 1s a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 3 of the present invention,

Fig. 8 1s an exploded perspective view of the
laminated conductor plate of Embodiment 3 of the

20 present invention,

Fig. 9 is a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 4 of the present invention,

Fig. 10 is an exploded perspective view of the

25 laminated conductor plate of Embodiment 4 of the



Fig. 13 is a schematic bl ock diagram of the drive system of the

el evator to which the present invention is applied. DC power which is
rectified by a converter 1 froma 20power source (here, a three-phase
power source is used) 81 and is snoothed by a snoothing capacitor 3
is converted to AC power of a variable frequency and a variable
voltage by an inverter 2 and is supplied to a drive notor 9 of the

el evator to drive the elevator. 25Nanel-y,8 t-he notor 9 rotates a rope
pul ey 91 and drives a riding cage 92 and a bal ance wei ght 93 which
are - 9 - RARGEDMHY RVEBHE©94 to nove up and down. To reduce
the harnonics to the power source and jncrease the voltage, between
the power sourc&ig1l and hedcBRFSMSEIt AVe aviedctsdrov8ng sthet epnductor
connected. Further, in addition to it, a filter circuit is_ generally
connect ed, Phaligh Strigtnee pdl dhed efi¢eEriy Pewde ppe¥ention device
invention, so that it is not shown in the drawing. The converter 1 is
conposed of 2ERP&EELIFHASEC | ByBodimegtty 230 Anfihien redrphaseyepardiat el -
bodi es_of a semi conductor sw tching device (here, an IGBT is

expl ai hed- as -anFéganpl%e)iand BegisPadtalTonv dpgde howing relet soasluctor . ... .

FWD), for exanple, 1101 and 1102 are structured as a pair of upper
and | ower sPdadse RieudBIresand theD SkeCEbhpoped i cepuessdon device

sem conduct or chi ps, though here, they are codes as one parallel body
(for according to Embodiment of the present invention,

Fig. 13 is a schematic block diagram of the drive
system of the elevator to which the present invention
10 is applied, and
Fig. 14 is a parallel constitution diagram of the
semiconductor modules composing the main circuit of the

elevator shown in Fig. 13.

15 DESCRIPTICN OF THE PREFERRED EMBODIMENTS

Fig. 13 is a schematic block diagram of the drive
system of the elevator to which the present invention
is applied.

DC power which is rectified by a converter 1 from a

20 power source (here, a three-phase power source is used) -
81 and is smoothed by a smoothing capacitor 3 is_
converted to AC power of a variable frequency and a
variable voltage by an inverter 2 and is supplied to a
drive motor 9 of the elevator to drive the elevator.

25 Namely, the motor S rotates a rope pulley 91 and drives

a riding cage 92 and a balance weight 93 which are



exanpl e, 1101). The inverter 2 is also simlarly conposed of
t hree- phase legs 21 to 23. To realize a | arge capacity of
the el ectric power 20conversion device, the sem conductor swtching
devi ces may be connected to each other in parallel.. Fig. 14 is a
paral |l el constitution diagramof the sem conductor nodul es conposi ng
the main circuit of the drive systemof the elevator to which
the present 25invention is applied. - 4®--1In the exanple shown in
the drawi ng, a sem conductor nodule 111 having a pair of upper and
| ower si deshehted dnd d41t2peofd4 Heo [1@BTeang RBWRL bdkvh-in and a
sem conductor nodule 112 simlarly having 1121 5and 1122 built-in are
connected i n pafa [mdufar ther hatmrdrnecs es pechieveoseat conduckorand
nmodul es 111 and 112, clanp capacitors 41 and 42 for suppressing the
vol t age i ncreageahe i hgeswotlchigry dreteeaneched.pdweFi goultde t8d and
suppress the voltage increase during 10swi tching, the inductance of a
round circuitheLicaomposed of a sreoothéngS8apacidftremndoanected.
sem conduct or nmodul e which are not drawn needs to be reduced.
Furtheb,. foFurddldzatiomnadfiigdiorortm titef at fe lgat ial rchatgesof ..
current of the sem conductor nodul es 111 and 112, the
generally connected, though it is not related directly
to the present invention, so that it is not shown in
the drawing.
The converter 1 is composed of three-phase legs 11
10 to 13 and in each phase, parallel bodies of a
semiconductor switching device (here, an IGBT is
explained as an example) and a circulation diode
(referred to as FWD), for example, 1101 and 1102 are
structured as a pair of upper and lower sides. The IGBT
15 and FWD are composed of separate semiconducitor chips,
though here, they are codes as one parallel body (for
examplie, 1101). The inverter 2 is also similarly
composed of three-phase legs 21 to 23.
To realize a large capacity of the electric power
20 conversion device, the semiconductor switching devices
may be connected to each other in parallel..
Fig. 14 is a parallel constitution diagram of the
semiconductor modules composing the main circuit of the

drive system of the elevator to which the present

25 invention is applied.



15i nduct ances of both nodul es need to be uniform which has been
achieved in the constitution of the PATENT DOCUMENT 1. On the

ot her hand, as described before, if the inductance of a circuit L2
bet ween the parallel 20connected clanp capacitors 41 and 42 is high,
the oscillating current when a voltage difference appears between the
clanp capacitors 41 and 42 cannot be suppressed. Therefore, the

i nductance of the circuit L2 needs to belfeduced. 25In the PATENT
DOCUMENTs 1 and 2, in the I1GBT - 11 - parallel circuit shown in Fig.
14, regarding tHe& dirruexapprhe ddshed 1nnkhei dgtleovimdn &Fig. 14)

i ncl udi ng a snoot hi ng capacitor not drawn, the reduction in the

i nduct ance &g Feet andmpkie intiell parulingl sSipriuct afceppsr and

uni formed, though the_inductance of the circuit (the dotted |ine L2
shown in Fi gowe4) ssiohdect d1éf artik L1 hdp cdpadia orGBBlandd FAD iks:nbt -
considered and the oscillating current when a voltage difference
appears bet WBednchet c$epceapacsittoor snddudad142 cuimmbtaidpehaving 1121
suppressed. For exanple, in the constitution of the conductor plate
of PTLS1 shewd ild 24 gsuilt,in2 arendamnechedeiimcuar{i heldot Fad thiens
L2 shown in Fig. 14) between the parallel clanp capacitors is
connect ed t §%atiScortiiee of LpratserRC ot duat eondystwore pl a1l @ eoninddts on

a3
clamp capacitors 41 and 42 for suppressing the voltage

increase during swifching are connected.
In Fig. 14, to suppress the voltage increase during
10 switching, the inductance of a round circuit L1
composed of a smoothing capacitor and a semiconductor
module which are not drawn needs to be reduced. Further,
for realization of uniformity of the partial charge of
current of the semiconductor modules 111 and 112, the
15 inductances of both modules need to be uniform, which
has been achieved in the constitution of the PATENT
DOCUMENT 1.
On the other hand, as described before, if the
inductance of a circuit L2 between the parallel
20 connected clamp capacitors 41 and 42 is-high, the
oscillating current when a voltage difference appears
between the clamp capacitors 41 and 42 cannot be
suppressed. Therefore, the inductance of the circuit L2
needs to be reduced.

25 In the PATENT DOCUMENTs 1 and 2, ‘in the IGBT



froma connection a2 of a conductor plate CP1 froma DC positive pole
termnal Fl, is connected to a connection b3 of a conductor plate CP2
by the conductor plate PC, and is connected to another clanp

capacitor by a 20connection b2 of the conductor plate CP2. The
negative pole of the capacitor, because termnals c2 and c3 of a DC
negati ve pol e conductor plate N are connected to each other with the
conductor plate N, and the inductance efithts portion is |ow, though

t he 25connections a3 and b3 between the conductor plates CP1 - 12 -
and CP2 arePaépargtledF¥owisacshostrhern Fignot dsuintebiediog réduction
in the inductance of the circuit (the dotted line L2 shown in Fig.

14) connect edretitthel thanpachpaciltiors Ul ahavwa2 irsifdgar by¢) iimalheding
constitution 5, shown in Figs. 23 and 24 of the PATENT DOCUMENT 1,
the portiod &AM teapPheicondutiordpiane Gk areduhéipor tirorthe
connected to the conductor plate CP2 are separated from each other,

so that thelhdgatiavecole beatlheashpardtbhei snpetr-wArablelf or
reduction in the 10i nductance of the circuit connected of the clanp
capacit or s. ipEpeiteafaseris t heidpoddrentisovght hé eprigsdne t anventifort Heor
reducing the wire inductance of the circuit fornmed between the

term nal s ofitReipar@heldatieanddine sensbondudtort s t A ngcdemd clesd
will be explained with reference to the acconpanyi ng draw ngs.
Further, incéathedcdnr ameacatle ranrbbdi apat 42t He Jume ponergerssl and
assigned to each sane or simlar conponent and the expl anation

t heref or wi Fhrepesgdiltiadging current when a voltage difference

appears between the clamp capacitors 41 and 42 cannot
10 be suppressed.

For example, in the constitution of the conductor
plate of PTL 1 shown in Figs. 11, 12, and 14, the
circuit (the dotted line L2 shown in Fig. 14) between
the parallel clamp capacitors is connected to a

15 conductor plate PC via a conductor plate connection a3
from a connection a2 of a conductor plate CP1l from a DC
positive pole terminal P1l, is connected to a connection
b3 of a conductor plate CP2 by the conductor plate PC,
and is connected to another clamp capacitor by a

20 connection b2 of the conductor plate CP2. The negative-
pole of the capacitor, because terminals c2 and c3 of a
DC negative pole conductor plate N are connected to
each other with the conductor plate N, and the
inductance of this portion is low, though the

25 connections a3 and b3 between the conductor plates CP1



20{ Enbodi nent 1} Fig. 1 is a perspective view show ng the
conductor plate structure of the electric power conversion device
according to Enbodinent 1 of the present invention and Fig. 2 is an
expl oded perspective view of the |am nated 25conductor pl ate thereof.
- 13 - Simlarly to the PATENT DOCUVENT 1, an enbodi ment t hat

t he sem conductor nodules 111 and 112 in which the positive pole P1
and a negative pole Ni are arranged in-11lhe-on one side are arranged
so that the term nal s 5approach each other and are connected in
paral | el isanfAdCEa edke Asenacan@ictioropl agehf othfiri ngs nhéreswiaile
as a conductor plate on the positive pole side, a first conductor

pl ate 51 cohfBctedud:ite DT pos tinduporpceordr il cPicand o tdezond
conductor plate 52 connected to the DC positive pole termnal P2. As
a conduct ordpiseéd dinhelAegarivie igolRigi déd )t kermexied afcéiductbamp
plate 53 connected to the DC negative pole termnal N and a DC

negati ve pof@PREAHATA ANp.aTHede 15 Stifridea ebnduthothy stessaibution

| ami nated via an insulated portion not drawn in the order of 51, 53,
and 52 fronshfrs Snd&igs rsgBy;antdhe?‘f i 95t thon@GdENT pP@EBMBNT ol udes -
a termnal 511 directly connected to the DC positive pole 20term nal
Pl of the sRffEsRGuUAVIMeDHEBAetPlthdndc@nductor plate CP1 and the

portion connected to the conductor plate CP2 are
separated from each other, so that the negative pole of
the capacitor 1s not suitable for reduction in the

10 inductance of the circuit connected of the clamp
capacitors.

Hereinafter, the embodiments of the present
invention for reducing the wire inductance of the
circuit formed between the terminals of the parallel

15 connected semiconductor switching devices will be
explained with reference to the accompanying drawings.
Further, in each drawing and each embodiment, the same
numeral is assigned to each same or similar component
and the explanation therefor will be omitted.

20 . {Embodiment 1}

Fig. 1 is a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 1 of the present invention and
Fig. 2 is an exploded perspective view of the laminated

25 conductor plate thereof.



termnal 512 to be connected to a term nal 611 of a conductor plate
61 connected to the positive pole of the snoothing capacitor 3.
Further, the second conductor plate 52 includes a 25term nal 521
directly connected to the DC positive pole - 14 - termnal P2 of the
sem conductor nodule 112 and a term nal 522 to be connected to a
termnal 612 of the conductor plate 61 connected to the positive pole
of the snoothing capacitor 3. 5Furthernoi®, -the third conductor

pl ate.53.includes a termnal 531 directly connected to the DC
negative pole t 8EmidArN ©f the SARHBRADECHMENTAUl e dn2embedament
termnal 532 directly connected to the DC negative pole term nal N2
of the sem tbadudcther swdiutenduztor0Tiedyl egatlildn aofd t hedeinembiinst sthe
can be clearly confirnmed by the expl oded perspective view of Fig. 2.
Here, the tepAilRdlvesIX bt Pheahidr &t reopabéver ppllat é15lare beranged in
connected to the termnal 611 of the conductor plate 61 connected to
t he positivélpel enofonigesigendoehiany capadi sor thandhdet eemdingdls 522
of the second conductor plate 52 to be connected to the term nal 612
of thedcondappspragihatea®l ebhasceed tare heoposictiade ol paohlilled..is .
snoot hi ng capacitor 3 are arranged in the nei ghborhood of the center
so as to appndacatzGkach other. Nanely, the relationship .between an
interval dl and an interval d2 shown in Fig. 1 is dl < d2. The
connection of tR& BeAnRMSLGL2pands6iflonandl rhagcoriecte onxbbtihas a
termnals 522 and 612 are all a DC 25positive pole and on the ot her
hand, the teeniflpatem3Igate on the positive pole side, a first

conductor plate 51 connected to the DC positive pole
10 terminal Pl and a second conductor plate 52 connected
to the DC positive pole terminal P2. As a conductor
plate on the negative pole side, there exist a
conductor plate 53 connected to the DC negative pole
terminal N1 and a DC negative pole terminal N2. These
i5 three conductor plates are laminated via an insulated
portion not drawn in the order of 51, 53, and 52 from
this side.
Firstly, the first conductor plate 51 includes a
terminal 511 directly connected to the DC positive pole
20 terminal Pl of the semiconductor module 111 and-a
terminal 512 to be connected to a terminal 611 of a
conductor plate 61 connected to the positive pole of
the smoothing capacitor 3.
Further, the second conductor plate 52 includes a

25 terminal 521 directly connected to the DC positive pole



- 15 - and 534 are connected to the DC negative pole via the
conductor plate 62 at different potentials, so that an insul ated

di stance needs to be secured. Further, the termnals 512 and 522 are
at the same potential, so 5that no. insulated distance is necessary.
Therefore, as nmentioned above, conpared with the interval d2 of the
connections at the different potentials, the interval dl of the
connections at the sanme potential nay beldgdherter. Due to the sane
potential, the interval dl nmay 10be zero, though there exist the
negat i ve poté&rsgmuctd? pFatessFeaniccehdéurhow ateth boriildnabest ieen

t he conductor plates, so that the connections at the same potenti al
do not existegmittiel sad@ pbakhe. chiteretoed, tohe portmbnadf 6flRe of the
conductor plate 61 connected to the 15term nals 512 and 522 needs to
be divi ded geadufstconspHetat fdn cofmmerueédctor & her e sit avee parla i oh
of several mllineters enabl es easy nmanufacture. Fig. 3is a

per spect i veticewrsifovik hgd t hareeiyard sdbn of the conductor plate
structure for explanation of the 20effects of Enbodi nent 1 of the
-present inventi dmrthermeirg, 30A) tdhowd Epbddicmem plafet hd .pnederdes
invention, and Fig. 3(B) shows a conparison exanple with Figs. 12 and
14 of the PATERTIRDOGUVENT]1dappldtdd teonaadtrdy.t@(id)e shewsegative
conpari son exanple with Figs. 2523 and 24 of the PATENT DOCUMENT 1
applied to.polejgerminal N1 of the semiconductor module 112 and a

terminal 532 directly connected to the DC negative pole
terminal N2 of the semiconductor module 112.
10 The situation of these terminals can be clearly
confirmed by the exploded perspective view of Fig. 2.
Here, the terminal 512 of the first conductor plate
51 to be connected to the terminal 611 of the conductor
plate 61 connected to the positive pole of the
15 smoothing capacitor 3 and the terminal 522 of the
second conductor plate 52 to be connected to the
terminal 612 of the conductor plate 61 connected to the
positive pole of the smoothing capacitor 3 are arranged
in the neighborhood of the center so as to approach
20 each other. .Namely, the relationship-between an
interval di and aﬂ interval d2 shown in Fig. 1 is dl1 <
dz.
The connection of the terminals 512 and 611 and the
connection of the terminals 522 and 612 are all a DC

25 positive pole and on the other hand, the terminals 533



The portion with the interval of the positive poles connected in the
circuit L2 between the clanp capacitors shown in Fig. 14 is shown
with a dashed line. Further, regarding the connection between the
negative poles, in every case, the negative poles are connected _ via
t he conductor plate 53 on the negative pole side. In the conparison
exanpl es shown in Figs. 3(B) and 3(C), the termnals 512 and 522 are
arranged away from each other and the area enclosed by the circuit L2
is 10wi dened, while in Fig. 3(A), due to approaching of the termnals
512 and 522angdheé 3dict anecrnean eoe reduced DCAs ageritionedodbowe,a the
according to Enbodi nent 1 of the present invention, due to the
reduction i ponki@dtrduce bate bét waerdihte pandl belt aonietsedseol aimt an
15capacitors, the oscillating current can be suppressed. Further, in
t he conpari $osudadgd ed Shoancien nEiggls K €) het be dumedondiict e pl, attés
51 and 52 connected to the positive pole side are different in shape,
whil e i n Enbediviemlsl »i2t Ardpbégemre nventhen santey caenbéa20f arared
in the sane shape. Further, in Figs. 1 to 3, with respect to the
conduct or prtatés n®l igrsl b2t ethdipdsinde el pohecsisda monditi@re pbake Gls
is arranged above the other, though even if the negative pole side
conduct or phatsie2ads 25 neer sempaargdngedhabbee itthesother d2t e the

effect wll not - 17 -
connections at the different potentials, the interval

dl of the connections at the same potential may be
shorter. Due to the same potential, the interval dl may
190 be zero, though there exist the negative pole conductor
plate 53 and the insulated portion between the
conductor plates, so that the connections at the same
potential do not exist on the same plane. Therefore,
the portion of the conductor plate 61 connected to the
15 terminals 512 and 522 needs to be divided and in
consideration of manufacture errors, a separation of
several millimeters enables easy manufacture.

Fig. 3 is a perspective view showing the comparison

of the conductor plate structure for explanation of the
20 -gffects of Embodiment 1 of the present invention.

Fig. 3(A) shows Embodiment 1 of the present
invention, and Fig. 3(B) shows a comparison example
with Figs. 12 and 14 of the PATENT DOCUMENT 1 applied
to, and Fig. 3(C) shows a comparison example with Figs.

25 23 and 24 of the PATENT DOCUMENT 1 applied to.



be changed. Further, in the exanples shown in Figs. 1, 2, and 3(A),
the first termnal 512 is arranged on the |Iower right side of the
drawi ng, and the second term nal 522 is arranged on the upper |eft
side of the 5drawi ng, though even if the arrangenent of both

termnals is inversely interchanged, the area of the circuit L2 can

be reduced and the inductance can be reduced exactly simlarly. Fig.

4 is a perspective view show ng a nounti hg 10structure exanple of the
clanp capacitors of the present invention. A nounting exanple of the
cl anp capacit or §n4] et 4@nwhilclh drhee omt ¢ edailn aftheclps eposiisive poles
expl anation to easily understand the termnals of the sem conductor
modul es andcoomeudtest phatbesledpeuist 168 hoehweEre twhanplempaci tors 41
and 42 are directly connected to the sem conductor nodules 111 and

112 as shownapacihe ¥ aghngn tihusFagr eddctisomshowhheditiduct dasbeids line.
realized. Further, in the previous exanples, as shown in Fig. 14, the
case that therthar 20zapadingr il armindltave deines¢edths agydtarve
condition for the explanation. However, the I1GBT itself has an

el ect rost at peleapacint yevaryheasfs, dtlat enagdtien gdileeswatehcogridatiaed. .. . .

is shifted, there are possibilities of generation of an oscillating
current durvhg that gmerdoedto25Fd gpreevehtot hibbeosEdd at vagpolier entde .
the inductance - 18 - needs to be reduced and even when no cl anp
capacitors In the comparison examples shown in Figs. 3(B) and 3(C),
the terminals 512 and 522 are arranged away from each
other and the area enclosed by the circuit L2 is
10 widened, while in Fig. 3(A), due to approaching of the
terminals 512 and 522, the inductance can be reduced.
As mentioned above, according to Embodiment 1 of
the present invention, due to the reduction in the
inductance between the parallel connected clamp
15 capacitors, the oscillating current can be suppressed.
Further, in the comparison example shown in Fig. 3(C},
the two conductor plates 51 and 52 connected to the
positive pole side are different in shape, while in
Embodiment 1 of the present invention, they can be
20 - formed in the same shape.
Further, in Figs. 1 to 3, with respect to the
conductor plates 61 and 62, the positive pole side
conductor plate 61 is arranged above the other, though

even if the negative pole side conductor plate 62 is

25 inversely arranged above the other, the effect will not



are connected, the present invention is effective. Enbodinment 1

af orenentioned is an electric power conversion device fornmed by

paral |l el -connecting a 5plurality of sem conductor nodules (111, 112,
---) with two sem conductor sw tching devices connected in series
between the DC term nals, that is, an electric power conversion
device including the first sem conductor nodule (111) and the second
sem conduct or nodul e (112) 10which are-rggpectively connected in
paral |l el between the DC termnals (P1, 22 - Ni, N2), the first
conduct or pbat eh@dfedontectedetp tihe thier sixdmphenalshid®i) ofi Fhes. 1,
first sem conductor nodule (111), the second conductor plate (52)
connect ed td, t hedf i3r(§t) t etlnendl rER2)t cafmihel 154€cdrd senangpductorthe
nodul e (112), and the third conductor plate (53) connected to the
second termoaes (NightN2idé blie thier sirantngecand sdm coaduador

nodul es (111, 112) and having a structure that the first to third
conduct or ptatesn@dl Xa¥ 533 areahagmichairedcthe fippwr left side of the
200pposi ng- portions, wherein the first connection termnal (512) for
el ect ri cal |lgrgenngct itigpudie é&vest idordhetar rphateedl)of obbhéa. second
conductor plate (52) and the second connection term nal (522) for

el ectrical |'yexonnedts ng theveesedd dorithictloangkat e tth2)a25800ttheé he
first conductor plate (51) are arranged so as to - 19 - be brought
cl oser to eathcoihel2( tdem ilpéeredicadld drdnthbeididsicenoecbetareiveany
termnals of the first to third conductor plates (51 to 53). Further,
in other worelduced asxagtely rstmpoeerly.

Fig. 4 is a perspective view showing a mounting

10 structure example of the clamp capacitors of the
present invention. A mounting example of the clamp
capacitors 41 and 42 which are omitted in the previous
explanation to easily understand the terminals of the
semiconductor modules and conductor plate shape is

15 shown. The clamp capacitors 41 and 42 are directly
connected to the semiconductor modules 111 and 112 as
shown in the drawing, thus a reduction in the
inductance is realized. Further, in the previous
examples, as shown in Fig. 14, the case that the clamp

20 capacitors 41 and 42 are connected is a prior condition
for the explanation. However, the IGBT itself has an
electrostatic capacity in the off state and when the
switching timing is shifted, there are possibilities of
generation of an oscillating current during that period.

25 To prevent this oscillating current, the inductance



5conversi on device having a structure that the first to third
conductor plates (51 to 53) are |lam nated to form opposi ng portions,
the first conductor plate (51) and the second conductor plate (52)
are connected electrically and the connection termnal (512 and/or 10
522) which is a |l eading portion to be connected to one of the DC
termnals is arranged between two connection termnals (533, 534)
which are a |l eading portion to be connectigd-to another one of the DC
termnals. (Enbodinment 2) 15Fig. 5 is a perspective view show ng the
conduct or phatésstiraicdt@r eedficelte cglectvén pbwer moonvkaspocageviceors
according to Enbodi nent 2 of the present invention and Fig. 6 is an
expl oded peespectonvesiew, ofhthe e miat dveartdwst or s pk &fectthereeof .
Here, the conductor plates 53 20and 62 on the negative pole side have
the sane struct Bmgcakindiat of aEoiediarent odedhdwn am H gstricapdwr
The positive pole side has a structure that the first connection

term nal 512oan¢ rsHersedendceodmentd dnby ephairadlled22- aihnectliygmeke
contact with each other and 25are electrically connected to each

ot her and plgealifay ther semecansludirect hydodesectledl t olihe -—--) with
connection termnal 611 of the conductor plate 61. By use of
such a constvousieord,carmduatea emdltogedthdydehéceisr cunntnbetadendnt eries
cl anp capacitors can be reduced 5much nore, so that the effect of the
i nducti on rledbweeon tilse gb@aterminals, that is, an electric power

conversion device including the first semiconductor
module (111) and the second semiconductor module (112)
10 which are respectively connected in parallel between
the DC terminals (Pl, P2 - N1, N2), the first conductor
plate (51) connected to the first terminal (Pl} of the
first semiconductor medule (111), the second conductor
plate (52) connected to the first terminal (P2) of the
15 second semiconductor module (112), and the third
conductor plate (53) connected to the second terminals
{N1, N2) of the first and second semiconductor modules
(111, 112) and having a structure that the first to
third conductor plates (51 to 53) are laminated to form
20 opposing portions, wherein the first connection
terminal (512) for electrically connecting the first
conductor plate (51) to the second conductor plate (52)
and the second connection terminal (522) for
electrically connecting the second conductor plate (52)

25 to the first conductor plate (51) are arranged so as to



On the other hand, as shown in Fig. 6, the conductor plates 51 and 52
on the positive pole side have the same shape, though the connection
needs to be 10bent and attention needs to be paid to the insulation
security in the nei ghborhood of the connection. {Enbodi nent 3}
Fig. 7 is a perspective view showi ng the conductor plate structure of
the electric power conversion device 15according to Enbodi ment 3 of
the present invention and Fig. 8 is an-expl eded perspective view of
the | am nated conductor plate thereof. The respect that the
connection ber kinralgh51Qlandr522 digett o yheekd duntiactewwth edoh than
ot her and thereby 20are electrically connected to each other is the
sane- as t hathef dérdodi aenbelweder ggnyt heeconnedts @y tehei AaksE33 @n
the negative pole side is not divided to be kept as one place.
Theref ore, bherdacamdepaer pdasufs i c3entof 68)25i nsul ation security
of each connection termnal, so - 21 - that the width of the
conduct or porti &nrdfheate in other words, in an electric power
5 conversion device having a structure that the first to
third conductor plates (51 to 53) are laminated to form
opposing portions, the first conductor plate (51) and
the second conductor plate (52) are connected
electrically and the connection terminal (512 and/or

10 522) which is a leading portion to be connected to one
of the DC terminals is arranged between two connection
terminals (533, 534) which are a leading portion to be
connected to another one of the DC terminals. -

{Embodiment 2}

15 Fig. 5 is a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 2 of the present invention and
Fig. 6 is an exploded perspective view of the laminated
conductor plate thereof. Here, the conductor plates 53

20 and 62 on the negative pole side have the same
structure as that of Embodiment 1 shown in Figs. 1 and
2. The positive pole side has a structure that the
first connection terminal 512 and the second connection

terminal 522 directly make contact with each other and

25 are electrically connected to each other and



connection term nal can be w dened. However, the connection term nal
533 becones close to the DC negative pole termnal N1 and becones
renote from 5another DC negative pole termnal N2, -so that there are
possibilities that the current flowing to the snoothing capacitor 3
via the conductor plate 62 on the negative pole side may becone
non-uni form This Enbodinent 3 is an electric power conversion
10devi ce fornmed by parallel-connecting-azpldrality of sem conductor
nodul es (111, 112, ---) with two sem conductor sw tching devices
connect ed i Augdhicegndint weea the <l terovnakstetchato i sheanoehecttrian
power conversion device including the first sem conductor 15nodul e
(111) and thersecend skhi cbntibhet aombdout er ( pl2)tewtith are

respectively connected in parallel between the DC terminals (Pl1, P2 -
Ni, N2), the fiBgt usenduttenchl at el i conheont edhieo ddhweafensllosed by
termnal (Pl1) of the first sem conductor nodule (111), the second
conduct or 20pkate HBR)t coaneeted the thkahpr sepkeritiawd ¢#R) bef ndwhiced
second sem conductor nodule (112), and the third conductor plate (53)
connect ed. touthemsguondse ethehalthig N f £2Y - off tthe findtwcahdnsecond . ... .
sem conductor nodules (111, 112) and having a structure that the

first to 25rafdndtdamduict ogyrphates (51, 52, 53) are lamnated to - 22
- form opposing portions, wherein the DC first termnals (512, 522,
611) for el ectrPealthy conmecthagdthe s iststwrondudtiar. pd ateh¢51), the
second conductor plate (52), and one of the DC term nals and the DC
second ternfaabschE33n 16245 Bdnaect &l ton ahbeheo sdnel vé pheeDEide
term nal s

have the same shape, though the connection needs to be
10 bent and attention needs to be paid to the insulation
security in the neighborhood of the connection.
{Embodiment 3}
Fig. 7 is a perspective view showing the conductor
plate structure of the eleciric power conversion device
15 according to Embodiment 3 of the present invention and
Fig. 8 is an exploded perspective view of the laminated
conductor plate thereof.
The respect that the connection terminals 512 and
522 directly make contact with each other and thereby
20 -~ are electrically connected to each other is the same-as
that of Embodiment 2. Here, the connection terminal 533
on the negative pole side is not divided to be kept as
one place.
Therefore, one vacant space is sufficient for

25 insulation security of each connection terminal, so



fromthe third conductor plate (53) are arranged in line at intervals
in an alnost parallel direction to the plane to which the first to
third conductor plates (51 to 53) are opposite. 10{Enbodi nent 4}

Fig. 9 is a perspective view show ng the conductor plate structure of
the el ectric power conversion device according to Enbodi ment 4 of the
present invention and Fig. 10 is an expl oded perspective view of the
15l am nat ed conductor plate thereof. Hergzl the sem conductor nodul e
11 conposi ng one phase of the converter 1 shown in Fig. 13 and the
sem conduct bhampdilee wRildcbnpdsiting amenghaseropdrtel amveft ehe? are
assunmed as one unit, and the three units 20conpose three phases, and
the unit of conaegtiasm itethisadasarn oshowdenkur.t hélowdider, the

sem conduct or nmodul es 11 and 21 have a standard structure that the
positive potennectimal st@Ptmand1P2,33 Heenegati vé omd etdethenals NI and
N2, and the ACtermnal AC are arranged in a row at the 25center of

t he nodul e. nega23ve pole Therminerlvdlls detwberoies posmodtee fpaires and
t he negative poles of the sem conductor nodul es are connected in
paral |2l , taooghetrhé@lneganliveg peure erdrmsnedniéct exb sepatattéley armre
the switching operations 5are not performed sinmultaneously. Wen the
cl anp capacpboesdbdrlg icommethet batwean: tdet pddioviivey pod eshandrtoething
negative poles, if any of the sem conductor nodules is switched, the
vol t age of thpacapaci thrvianhbet edndudther npdalte 62 cdranged, negathate
bet ween the clanp 10capacitor and another clanp capacitor, there are
possi bi |l i tieslehatidan noseibeabineg nouwrremi foayp.be generated. To early
suppress the oscillating current, the inductance needs to be reduced.
Theref ore, si m Taiby Ed d&hboelinbredt 15, arhee toohedti gower ntoals r5izn

10 device formed by parallel-connecting a plurality of
semiconductor modules (111, 112, ---} with two
semiconductor switching devices connected in series
between the DC terminals, that is, an electric power
conversion device including the first semiconductor

15 module (111) and the second semiconductor module (112)
which are respectively connected in parallel between
the DC terminals (P1l, P2 - N1, N2), the first conductor
plate (51) connected to the first terminal (P1) of the
first semiconductor module (111), the second conductor

20 plate (52) connected to the first terminal (P2} of the
second semiconductor module (112), and the third
conductor plate (53) connected to the second terminals
(N1, N2) of the first and second semiconducior modules
(111, 112) and having a structure that the first to

25 third conductor plates (51, 52, 53) are laminated to



15and 522 are arranged close to each other. {Enbodi nent 5} Fi g.
11 is a perspective view showi ng the conductor plate structure of the
el ectric power conversion device according to Enbodinent 5 of the
present invention. 20This Enbodi ment 5 has a constitution that the
four sem conductor nodules 111, 112, 113, and 114 are connected in
parallel. The two-row parallel connection is the sane constitution as
that of Enbodinent 1 and the conductor-ptates 61 and 62 have a
structure 25corresponding to the four-row parallel connection. Al so

- 24 - in thpsmcayeog ey constiitomts, onwhsrsiich thiratD@ hei eehneetbmansal s
512 and 522 approach each other and there exists the entirely sane
constitutiofoild.th&d,owetlii ghtr pdredtoni csdlihatortrhect hdgctaercd icasc
be reduced 5simlarly to the previous Enbodi nents. {Enbodi nent 6}
Fig. 12 is aopdpspect ivkaveewddhowitie theconddectrotupt at epdtitect (F2) ,
of the electric power conversion device according to Enbodi nent 6 of

t he presentandventi @t t0Al B6 e rirs embaddmehte, Otheséoond terminals
sem conductor nodul es are connected in parallel, though the positive
pol e Rl of {héZselizdondieinecihedulte kilowndrt baepasi tive. pol €eRPXhiofals
t he sem conductor nodul e 113 are connected with the sanme conduct or
plate 51. Sfmphathy, titthdughnHuddenr ilabhe dbaWM rg;e tderpogietl s
pol e P2 of

line at intervals in an almost parallel direction to
the plane to which the first to third conductor plates
(b1l to 53) are opposite.

10 {Embodiment 4}

Fig. 9 is a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 4 of the present invention and
Fig. 10 is an exploded perspective view of the

15 laminated conductor plate thereof.

Here, the semiconductor module 11 composing one
phase of the converter 1 shown in Fig. 13 and the
semiconductor module 21 composing one phase of the
inverter 2 are assumed as one unit, and the three units

20 compose three phases, and the unit -0of  one phase in this
case is shown. Further, the semiconductor modules 11
and 21 have a standard structure that the positive pole
terminals Pl and P2, the negative pole terminals N1 and
N2, and the AC terminal AC are arranged in a row at the

25 center of the module.



t he sem conductor nodule 112 and the positive pole P4 of the
sem conductor nodule 114 are connected with the sane conductor plate
52. Further, the negative poles Ni, N2, N3, and N4 of the four
sem conduct or nodul es are 20connected to the one conductor plate 53.
In Fig. 11( the divided conductor plates are unified, thus the
i nduct ance between the parallel connections can be reduced nore. -
25 - WHAT IS CLAIMED IS: 1. An electrie pawer conversion device
formed by parallel-connecting a plurality of sem conductor nodul es
with two seni coftigctiort smiathi bg tdedrcesh&cpnradtiet imosesi escbathveen
DC term nal s, conprising: a first sem conductor nodule and a
second sem pepdudtvsr pddakeofhitdle arentonndordedn maedw dkkek riget ween
said DC termnals, a first conductor plate connected to a first
10t er mi nal obnsgickefd rsn pempddrductTroupblukbbe @ Iseromalt tonductorent
pl ate connected to a first term nal of said second sem conduct or
nmodul e, andia thinre corduseprrpltatley comhethed stwd tsgciomgl operations
5 are not. performed simultaneously...When the clamp
capacitors are connected between the positive poles and
the negative poles, if any of the semiconductor modules
is switched, the voltage of the capacitor connected to
the module is changed, so that between the clamp

10 capacitor and another clamp capacitor, there are
possibilities that an oscillating current may be
generated. To early suppress the oscillating current,
the inductance needs to be reduced. Therefore,
similarly to Embodiment 1, the connection terminals 512

15 and 522 are arranged close to each other.

{Embodiment 5}

Fig. 11 is a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 5 of the present invention.

20 This Embodiment 5 has a constitution that the four
semiconductor modules 111, 112, 113, and 114 are
connected in parallel. The two-row parallel connection
is the same constitution as that of Embodiment 1 and

the conductor plates 61 and 62 have a structure

25 corresponding to the four-row parallel connection. Also



termnals of said first and second sem conductor 15nodul es, and
havi ng: a structure that said first to third conductor plates
are lam nated to form opposi ng portions, wherein: a first connection
termnal for electrically 20connecting said first conductor plate to
sai d second conductor plate and a second connection term nal for
el ectrically connecting said second conductor plate to said first
conductor plate are arranged so as to be2lreught closer to each ot her
than a di stance between 25any other terminals of said first to third
conductor <4m@hiplates, 2ZhecArmiscitiitipowers convier shan deéwd ce
formed by parallel-connecting a plurality of sem conductor nodul es
with two segiocorguct onsshil@chimy d2¥i epproeainecdtcd ohheer izesi betaeen
DC term nal s, conprising: a first sem conductor nodule and a
second sem eenduct orheopdoke nellixchs ame consédtted ion panakhel leeteween
said DC termnals, a first conductor plate connected to a first
10t er mi nal ofigddi pdrtsonsemiocdricict themiduluetance can be reduced

5 similarly to the previous Embodiments.

{Embodiment 6}

Fig. 12 is a perspective view showing the conductor
plate structure of the electric power conversion device
according to Embodiment 6 of the present invention.

10 Also in this embodiment, the four semiconductor
modules are connected in parallel, though the positive
pole Pl of the semiconductor module 111 and the
positive pole P3 of the semiconductor module 113 are
connected with the same conductor plate 51. Similarly,

15 though hidden in the drawing, the positive pole P2 of
the semiconductor module 112 and the positive pole P4
of the semiconductor module 114 are connected with the
same conductor plate 52. Further, the negative poles N1,
N2, N3, and N4 of the four semiconductor modules are

20 - connected to the one conductor plate 53. In Fig. 11, -
the divided conductor plates are unified, thus the

inductance between the parallel connections can be

reduced more.



a second conductor plate connected to a first termnal of said second
sem conductor nodule, and a third conductor plate connected to second
termnals of said first and second sem conduct or 15nodul es, and
havi ng: a structure that said first to third conductor plates
are lam nated to form opposing portions, wherein: a connection
termnal of a leading portion to be 20connected to one of said DC
termnals for electrically connecting sapd first conductor plate and
sai d second conductor plate is arranged between two connection _
term nal s offHAT eatli NGAPHUEDI ars:t 0 be connected to another one of said
DC termnals fromsaid third 25conductor plate. - 27 - 3. The
el ectric power daonvémnsiedredericepasear dagys osChal melrinte 2f oftehery
conprising a snoothing capacitor connected between said DC ternnals,
wher ei n: sapdredrnneCtconntertdinrala of 1 sakd iltgadihg ot tbadutca dhbe
connected to one of said DC termnals for
modules with two semiconductor switching devices

5. cennected in series between DC terminals, comprising:

a first semiconductor mcdule and a second
semiconductor module which are connected in parallel
between said DC terminals,

a first conductor plate connected to a first

10 terminal of said first semiconductor module,

a second conductor plate connected to a first
terminal of said second semiconductor module, and

a third conductor plate connected to second
terminals of said first and second semiconductor

15 modules, and having:

a structure that said first to third conductor
plates are laminated to form opposing portions,
wherein;

a first connection terminal for electrically

20 connecting said first conductor plate to said second
conductor plate and a second connection terminal for
electrically connecting said second conductor plate to
said first conductor plate are arranged so as to be

brought closer to each other than a distance between

25 any other terminals of said first to third conductor



el ectrically connecting said first conductor plate and said second
conductor plate is connected to a termnal of a |eading conductor
plate to one end of said snoothing capacitor, 10said third conductor
plate includes third and fourth connection termnals to a | eading
conductor plate at another end of said snoothing capacitor, said
first to fourth connection termnals are arranged in |line at
intervals on a surface al nost 15parallel 2t0-a surface to which said
first to third conductor plates are opposite, and an interval
bet ween sai dlhitrest. connection term nal and said second connection
termnal is narrower than an interval between said connection

term nal s and s&i.d 20t kilrebtorié opbive rcarureed £ obohedmiviate formed. bhhe
el ectric power conversion device according to Claim3, wherein:

sai d intervehrhétlwdencsandctingt cqnecsl onyt erfriswhi @asddsaitd: hird
connection termnal is alnost 25equal to said interval between said
second conneotiudres -wi8h - twer mendlccaantisabd taurtdh connéetrier s

term nal . 5. The electric power conversion device according to
~Caimi or 2pnweerteid:in series between DC terminals, .comprising:

a first semiconductor module and a second
semiconductor module which are connected in parallel
between said DC terminals,

a first conductor plate connected to a first

10 terminal of said first semiconductor module,

a second conductor plate connected to a first
terminal of said second semiconductor module, and

a third conductor plate connected to second
terminals of said first and second semiconductor

15 modules, and having:

a structure that said first to third conductor
plates are laminated to form opposing portions,
wherein:

a connection terminal of a leading portion to be

20 connected to one of said DC terminals for electrically
connecting said first conductor plate and said second
conductor plate is arranged between two connection
terminals of a leading portion to be connected to

ancther one of said DC terminals from said third

25 conductor plate.



said first connection ternminal and said second 5connection term nal
are overl apped and connected together so as to nake direct contact

each ot her. 6. An el ectric power conversion device according to
Claim1 or 2, wherein: said first conductor plate and
sai d second 10conductor plate are in the sane shape. 7. An

el ectric power conversion device formed by parallel-connecting a
plurality of sem conductor nodules w th gyo-sem conductor switching
devi ces connected in series between DC ternminals, conprising: 15a
first sem condustorThedeleandia seeerd gameosduat e vintl £cwbireing
are respectively connected in parallel between said DC term nals,

a first contluctamipl dt eocodpecued e acdmp st sti@gmanadmedtsang first
sem conductor nodul e, 20a second conductor plate connected to a first
term nal ofcspedisecontbseateendettoreddshed @d termialbiréherein:
conductor plate connected to second terminals of said first and
second semi condset.or cmndig esioandehadimg: @basstcdugidy®ihfaposaiidn to
first to third conductor - 29 -

5 be connected to one of said DC terminals for
electrically connecting said first conductor plate and
said second conductor plate is connected to a terminal
of a leading conductor plate to one end of said
smoothing capacitor,

10 said third conductor plate includes third and
fourth connection terminals to a leading conductor
plate at another end of said smoothing capacitor,

sald first to fourth connection terminals are
arranged in line at intervals on a surface almost

15 parallel to a surface to which said first to third
conductor plates are opposite, and

an interval between said first connection terminal
and said second connection terminal is narrower than an
interval between said connection terminals and said

20 third ‘or fourth connection terminakl.

4. The electric power conversion device according
te Claim 3, wherein:
said interval between said first connection

terminal and said third connection terminal is almost

25 equal to said interval between said second connection



pl ates are lam nated to form opposing portions, wherein: a DC first
termnal for electrically connecting said first conductor plate, said
second conductor plate, .5and one of said DC term nals and a DC
second termnal to be connected to another one of said DC termnals
fromsaid third conductor plate are arranged in line at intervals in
an al nost parallel direction to a surface to which said first to
third conductor plates are 1l0opposite._ g _8. The electric power
conversi on device according to any one of Clainms 1, 2, and 7,
wher ei n: satdrhimsi]l andd segadd feendiict @npkatesariterminal .connect ed
to positive poles of said DC termnals and 15said third conductor
plate is connected Theaeolagative pole rofcEaydr BCohed@vials. accordifg
The el ectric power conversion device according to any one of C ains
1, 2, and 7towdémedinn:l or 2, wherein: a capacitor is connected
directly between said 20term nal s of said first sem conductor

nodul e and- bet wegkl Sairkt ecohnaks ieh sesoninsemeenict or saedule.

10. The electric power conversion device structured by conbining
severdl onesonheCltdidrs er®Rinaldate overlapped and connected
together so as to make direct contact each other.

6. An electric power conversion device according to
Claim 1 or 2, wherein:

said first conductor plate and said second

10 conductor plate are in the same shape.

7. An electric power conversion device formed by
parallel-connecting a plurality of semiconductor
modules with two semiconductor switching devices
connected in series between DC terminals, comprising:

15 a first semiconductor module and a second
semiconductor module which are respectively connected
in parallel between said DC terminals,

a first conductor plate connected to a first
terminal of said first semiconductor module,

20 : a second conductor plate connected to a first
terminal of said second semiconductor module, and

a third conductor plate connected to second
terminals of said first and second semiconductor
modules, and having:

25 a structure that said first to third conductor



10

15

20

- 29 -
plates are laminated to form opposing portions,
wherein:

a DC first terminal for electrically connecting'
said first conductor plate, said second conductor plate,
and one of said DC terminals. and a DC second terminal.
to be connected to another one of said DC terminals
from said third conductor plate are arranged in line at
intervals in an almost parallel direction to a surface
to which said first to third conductor plates are
opposite.

8. The electric power conversion device according
to any one of Claims 1, 2, and 7, wherein:

said first and second conductor plates are
connected to positive poles of said DC terminals and
said third conductor plate is connected to a negative
pele of said DC terminals.

9. The electric power conversion.device according
to any one of Claims 1, 2, and 7, wherein:

a capacitor is connected directly between said
terminals of said first semiconductor module  and- --
between said terminals of second semiconductor:module.

10. The electric power conversion device structured

by combining several ones of Claims 1, 2, and 7.



