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CunoBas anemeHTHas 6aza

B cratbe npeacraeneHbl ABa HOBbIX cunoebix moayna Mitsubishi Electric,
npeAHa3Ha4eHHbIX A1 NPUMEHEHUS B TArOBbIX CWIOBbIX MHBEPTOPAaX M KOHBEpTepax
anektpuyveckux (EV) n ru6puassix (HEV) tpaHcnoptHbix cpepcts.

Cepusa J1

Co3naHa KOHCTPYKIMS HOBOro 6-kitodeBoro IGBT-
mopyis (cepust J1) ¢ BCTPOGHHBIM aTIOMUHHEBBIM
paguaToOpoOM XKHUJKOCTHOTO OXJIQXKICHUS U TEPMU-
HaJIAMU C IPSIMBIM CBapHBIM monkmoveHuem (DLB)
[1]. ITo cpaBHEHHIO C TPALUIMOHHBIMA KOMIIOHEH-
TaMHU UCIIOJIb3OBAHNE MHHOBAIIMOHHBIX TEeXHOJIOTUN
IIPUBEJIO K YJIYUIIEHUIO TeIIOBBIX XapaKTePUCTUK
Ha 30%, cHIKeHMIO rabaputoBs cOopku Ha 40%,
a Beca — Ha 76%.

PeraOK TparcmopTHEIX cpencts EV/HEV passusaercs
6arogaps BceoOIeMy OHUMAHHIO HEOOXOTUMOCTH
OXpaHBI OKpy’KaroLeit cpefsl. CHIOBbIE IIOTYIPOBOI-
HUKOBBIe MOJYJIH CTAJIM Ba)KHBIM (DaKTOPOM, OIIperie-
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Puc. 2. Tononorus mogynei cepumn J1

JSIIOLINM pabodre XapaKTepPUCTUKU aBTOMOOUIIE.
HauuHas ¢ BBIIIyCKa MEPBBIX CIIEIMATU3MPOBAHHBIX
ABTOMOOWILHBIX CHIIOBBIX IIOTYIIPOBOIHIKOBLIX MO~
1neit B 1997 rony npoxyxkuust Mitsubishi Electric rmmpoko
UCIIOJIB3YETCSA B PA3IMIHbIX CEPUITHO M3TOTaBINBaEMBIX
EV/HEV.

Opomonus EV/HEV-rpancnopra oco6o 3amerHa
B HacTOsIIee BpeMs, KOrjja CUJIOBbIe MONTYIPOBOJ -
HHUKOBbI€ MOJYJIM CTaJH KIIOYEBBIM 3JT€MEHTOM
B aBTOMOOMJIBHBIX IIPUMEHCHHUSX, IJie OHU obecIe-
YUBAIOT COOTBETCTBYIOMNIYIO BBICOKYIO IIPOU3BOIU-
TeJIbHOCTb, KOMIIAKTHbIE Pa3MePhl ¥ MUHUMaJlb-
HBII BeC 3JEKTPOHHBIX ycTpoicTB. Kpome roro,
60mbI10€ pasHOOOpasue TpeGOBAHUIL IO pasMepam
u momHuocTaM EV u HEV npennonaraer Hanuuue
LIMPOKOTO aCCOPTUMEHTA CHJIOBBIX IOTYIIPOBOIHU-
KOBBIX MOJYJIeH, YbU XaPAKTePUCTUKH OTBEYAIOT
3aIpocaM pBIHKA.

B oTBer Ha MOTPeOHOCTH pPHIHKA pa3paboTaHo
CeMeIICTBO HOBBIX aBTOMOOHMIbHBIX CHJIOBBIX I10-
JTYHIpOBOIHUKOBEIX Mopyieit «Cepust J1» (puc. 1),
B OCHOBY KOHCTPYKIMH KOTOPBIX IOJIOKEHBI KOH-
IeNIIUH «BBICOKAs HPOU3BOAUTETBHOCTD» U «KOM-
IMaKTHbIE pa3Mepbl U Manblil Bec». KoMmoHeHTH
cepuu J1 BbITONHeHHI 10 cxeMe 3-¢asnoro IGBT-
Mmocra (puc. 2).

Hcnonbzosannble B Monysax IGBT yunsr umeror
UHTETPHPOBAHHBIE TOKOU3MEPHUTEIbHBIE IMUTTEPHI
U BCTPOEHHBIE NUOJHbIE NATYUKU TEMIIEPATypBhI.
OcHOBHBIE XapaKTePUCTUKU U Pa3Mepbl KOPIYCcOB
Mopyien npuBeneHs! B Tabauie. OTINYHbIE XapaK-
TePUCTHKU HAChIIIeHNs V, TIOJTYYeHBI C TOMOIIBIO

ce(sat)
noseitreir CSTBT-rexHomornu KpucTauios.

Konctpykuyua mogyneii
Mopnynu cepun J1 UMeIOT HHTETPUPOBAHHBIN aJI0-
MUHUEBBIN pafgnaTop oxnaxkaeHus. [Tomepednoe ce-
YeHHre KOHCTPYKTHBA IT0KA3aHO Ha PUC. 3.
[TpuMeHeHHe B MOAYJIsAX 06a30BOM IJIATHI C He-
IIOCPeCTBEHHBIM KUIKOCTHBIM OXJIaKIeHUEM HC-
KJII04YaeT TeNJ0BOe CONMPOTHBIEHHUE Mepexosa
MeKny 06a30BOJ IUIATOM M BHELIHUM PaguaToOpoM,
Hen30eXHOe I HHBEPTOPOB HAa OCHOBE OOBIYHBIX
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Ta6nuya. OcHoBHbIE XapaKTEpUCTUKV Mogynen J-cepim

Tun mopyns HomuHanbHble xapaktepuctuky (Ie/Vegs), A/B Vig(sory P11 25 °C, B Pasmep kopnyca, Mm
CT600CJ1A060 600/650 1.4 120x115x31
CT400CJ1A090 400/900 17

CurHanbHble BbIBOAbI

MegHble
MonumepHas 3anveka Tpaccs  CUTIOBO/ TepmyHan
AnNOMUHNEBBI
npoBOOHUK MNanka

KpucTann

I

Papunatop

Puc. 3. KoHcTpykuma mogyneit cepim J1

AnOMUHNEBBIV
NPOBOAHMK

Moanoxka

MegHbin
TepMUHan

Kpuctann IGBT

Mpsimoe ceapHoe
coeaviHeHne

Puc. 4. CranpaptHas W/ B-TexHonorus u DLB-cTpykTypa

J-Series T-PM 2-in-1
(CT600DJH060)

MepnHas nnactuHa
oxnaxaeHus

@° °@

Puc. 5. C6opka papmatopa oxnaxaenus co ctaHgaptHeiMy 600 A/650 B J-TPM-mMopynamu

monysneit IGBT. Takum o6pasom, mosiBisieTcst
BO3MOKHOCTB CYIeCTBEHHO CHU3HTH 00IIee
sHaveHUe Ry, j.,,) O CPABHEHHIO C TPAJUIH-
OHHBIMU KOHCTpYKIusAMU. [ peanusanuu
JAHHOTO IIPEUMYIIeCTBa Ha IPAKTHKe He00XO0-
IUMO pa3dpaboTaTh KOHCTPYKIHIO J1-MOmy IS
C HeIIOCPeCTBEHHBIM JKUJKOCTHBIM OXJIasK-
IeHHeM.

lMpsamoe cBapHoe coeanHeHVe BbIBOAOB
Direct Lead Bonding (DLB)

B HOBBIX KOMIIOHEHTaXx J1-cepuu npemycMo-
TpPeHa BLICOKOHAJEKHAsl TeXHOJIOTUSA TIPSAMOTO
cBapHOro coequHenus BbiBonoB (DLB — Direct
Lead Bonding) [3] BMecTO TpagUIIOHHO YIb-
TpaBByKOBOﬁ CBApKU JIIOMUHUEBLIX IIPOBOTHU -
k0B (W/B — Wire Bonding). [TpuHnunuanbHbie
OT/INYMS MEKIY OOCHMHE TeXHOJIOTHSMY I10Ka3a-
HBI Ha pucC. 4.

DLB-cTpykTypa 06ecrednBaeT yBeIUIeHHYO
mIomiaagb KOHTAaKTHOU IIOBEPXHOCTHU YUIIA, 9YTO
3HAYUTEIbHO IOBBIIIAET TOKOHECYIIYIO CIIO-
COOHOCTDb CHIOBOTO MOAyJIs. ITo cpaBHeHHUIO
¢ rpagunuoHHbIM W/B-niponeccom nonxio-
yeHUs KpuctamioB DLB-cTpykrypa croco6-
Ha CHU3UTH CyMMapHOe BHyTPeHHee COIPO-
TUBJICHUE, a4 TAK)XE 3HAYCHUE ITAPA3SUTAPHBIX
MHAYKTUBHOCTEN CUJIOBBIX IleNel 6osee yeM
Ha 50% [4].

Erie ofHUM Ba)KHBIM IIPEUMYILECTBOM yBe-
JUYEHHON KOHTAKTHOH MOBEPXHOCTH YHIIA
ciIefyeT Ha3BaTbh PAaBHOMEPHOE pacIpefiesieHne
TeMIIEPATyPhI 110 BCEH €ro IIOIIAM, YTO YMEHb-
II1aeT MMKOBOE 3HaYeHNe TeMIIepaTyphl, U, Ciie-
IIOBaTeNILHO, YPOBEHD CTPecca JJIsl OMUTTEPHOH
KOHTAaKTHOH CTOPOHBI KpUCTAILIA. [Ipyrumu cio-
BamH, npuMeHeHue DLB-cTpykTypbl mo3Bosiser
CHHU3UTD TePMOMEXaHIIECKUEe HAITPSIKEHHS], BO3-
HUKAIOI[KEe IIPY TEPMOIUKINPOBAHUY U IIPU-
BOJIAIINE K COKPAIIIeHUIO Pecypca CTaHapTHBIX
MOy JIe.

KomnakTHas cuctema oxnaxpaeHus

B orimdne oT TpagUIIMOHHBIX KOHCTPYKTH-
BOB (J-cepust T-PM [2], puc. 5) npuMeHeHue
HOBBIX KOMIIOHEHTOB J1-cepuu cokpamiaer
rabaputsl 3-asuoit cbopxu Ha 40% (puc. 6).
Hecmorps Ha TO, 9TO QJIlOMUHHEBbIE Pajua-
TOPBI UMEIOT XYAIIYI0 TEIIOHPOBOJHOCT

Pue. 6. Mogynb J1-cepum ¢ MHTErprpoBaHHbIM
papMaTopom 1 cBopka CTaHAapPTHOro MOZYNs
J-TPM
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110 CPaBHEHMIO C MeIHBIMU, UX YCTAaHOBKA
B EV/HEV-nuBepropax obecrieansaer psifi mpe-
numyiects. Hanbosee BaXKHBIM 10CTOMHCTBOM
AJTIOMUHHUSA SABJISIETCS BbICOKAsA YCTOfIqHBOCTb
K BO3IeHCTBHIO OXJAKAAMOIIUX KUIKOCTEN
¥ MaJIbli Bec.

Kak nmokasano Ha puc. 7 u 8, CHIDKeHIe Beca 10~
cruraet 76%, Ipy 9TOM TEILUIOBbIE XapaKTEPUCTH-
ki Ha 30% JTydIire, 9eM y OOBITHBIX 6-KITI0IeBBIX
MOJyJIell B UHBEPTOPHOM BKJII0UeHHH. B 1ByX
tpexdasubix EV/HEV-npuBonax, cpaBHeHHe
KOTOPBIX IPUBEIEHO Ha PUC. 7, UCIIOIb30BAHbL
MOJlyJIA C OJUHAKOBBIM HOMHMHAJIbHBIM TOKOM
u HanipspkerneM (600 A/650 B).

OTtnaposHbIii KOMNIEKT

[TockoaIbKY pasMepbl KOPIYCOB He CHIbHO
OTJIMYAIOTCS B IIPefiesIaX Pa3IMIHBIX KJIACCOB
TOKA M HaNlpsDKeHUS, UCIBITAHUSA U OIEHKY
HOBBIX MOZyJIeil J1-cepuu MOKHO 00JIer4uTh
C IOMOIIBIO YHHKATBHOTO TECTOBOTO KOM-
IJIEKTa, BKIIOYAIOIIero 610K KOHIEHCATOPOB
DC-11uHsl, pocTyIo U 9P eKTUBHYIO CHCTEMY
OXJIKIeHU! (KUKOCTHYIO) U HHTEP(DEHCHY IO
cxeMmy.

JI1st peanuaaIu Clenuanu3upOBaHHOTO HH-
Tepceiica NCIOIb30BAHbI COBPEMEHHbIE [IOJTY-
IIPOBOIHUKOBbBIE TEXHOJIOTUH, B TOM YUCJI€ 1AT-
UK TeMIePaTyphl Ha 6asde YUI-IMOMA, a TAKKe
IIPOBEPEHHAs TeXHOJIOTHSI OMUTTEPHOTO TOKO-
BOTO 3epKaJia JUISl eTeKTHPOBAHUS COCTOSHUS
nieperpy3ku nepersi BeixogoM IGBT u3 Hacermme-
HMH.

OT1afOvHbIM KOMIUIEKT (IpaiBep 3aTBOPOB,
KoHIeHcaTopbl DC-IIMHEL, IITYIepsl JJIsd 10~
IavY¥ OXJIKAIOLIe! SKUIKOCTH) TOCTYIEH UL
TeCTHUpOBaHUsA HOBOro J1-cemerictBa IGBT-
monyedt (puc. 9 u 10). Cxema ynpapieHus 3a-

1400
B Paguatop
1200 —
[J Cunosoit Mmoayns
1000
;; 800 76% CHwxeHve
600
400 '}
200
0 L J
Mogynb J-cepum Mogaynb J1-cepun
C MeHbIM paanaTopom (Cc BCTPOEHHbIM antoMUHUEBBIM PaANaTopoMm)
Puc. 7. CpaBHeHue Beca Moaynen C pagmaTopom

TBOPAaMH U 3aIIUTHI OT KOPOTKOTO 3aMbIKAHUSI
(SC), nmeperpesa (OT) u nageHus HaNPSDKEHHS
(UV) BMecTe ¢ IMITyJIbCHBIM HCTOYHUKOM ITUTA~
HUSI ONITUMU3UPOBAHA JUISI pAGOTHI C KOMITOHEH-
Tamu J1-cepun. YCTpONCTBO IPOCTO MOHTHUPY-
ercs Ha BepxHIolo yacTb IGBT-monys J1-cepun
u obecriednBaeT KOMIUIEKCHbII HHTEPdEIC 1ist
MIOZIKJTIOYEHHSI CUCTEMBI YIIPABJICHUS BEPXHETO
YPOBHSI.

3Kcnepmmeu'ranbnble pe3ynbTaTthbl

Harpyso4nas crioco6HOCTh HOBBIX KOMIIO-
HEHTOB J1-CepUH B COYETAHNUH C TEMIOBBIM
nHTepdericoMm 6blIa OKCIEPUMEHTAIBHO

IIpOBepeHa IpU CIeJyIOIIUX YCIOBUAX TecTa:
HanpspkeHue nuTtaHud 350 B; gacrora MM
(f) 5 u 10 xI'y; TemmepaTypa OXIaKAAIOLIei
xugkoct T, = 65 °C; ”HTeHCHUBHOCTD OXJTaK-
nenus 10 a1/mMuH.

L1t mpoBeeHNs UCClleOBaHUN UCI0Ib30BaH
[IpeJIOKeHHbII Ol[eHOYHBII Habop st IGBT-
Mmopysreit J1-cepuu (puc. 9). B ykazaHHBIX yci10-
BUsIX PabOTHI BBIXOIHOI TOK HHBEPTOPA MOYKET
npeBbInath 420 Arms (YTO COOTBETCTBYET BbI-
XomHoi MomHOoCTH 60see 80 kKBT) IIpu MakK-

g Yvn/naiika/omenHenune/
N30MNUPYHOLLMIA CIOW

B TennonpoBogsLuasi nacta

O Basosasi nnata

OTHOCUTENbHOE TEMNNOBOE conpoTtuerieHne

Mogynb J-cepum
C MeHbIM paguaTopoM

Puc. 8. CpasHervie TennoBsoro conpoTvenexns Ry )

B Paguatop

Mogaynb J1-cepun
(c BCTpOEHHbIM
anoM1MHUEBbIM PaanMaTopoMm)

YKnakocTHbIN
pagvaTtop

J1-Series (6-in-1)

Mnata
npaviBepa

Puc. 9. XugkocTHbIn paguatop
1 nnaTa gpavisepa

Puc. 10. Bnok koHpeHcaTopos DC-LUmHbI
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CHMAaJIbHON TeMIlepaType KPHCTAJIOB MeHee
150 °C, pe3ybTaThI IpefCcTaBIeHbI HA puC. 11.
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3aknovyeHune 150

HoBast cepust aBTOMOOGHIBHBIX CHJIOBBIX IIOJTY -
IIPOBOJTHUKOBBIX MOJyJIeii J1-cepust OblIa paspa-
60TaHa [UIs yIOBJIETBOPEHMS OTPeOHOCTEH Pa3BH-
BAIOIIIETOCS PBIHKA 3JIEKTPHYECKOr0 M THOPH/HOTO
(EV/HEV) tpancnopra. Komnonents! J1-cepuu
006eCIIeYNBAIOT BHICOKYIO IPOU3BOIUTEILHOCTD,
KOMIIAKTHBIE Pa3MepPBI U MAJIBIH BEC, 4YTO BHOCUT
BKJIaJl B Pa3BUTHE aBTOMOOMIBHBIX HHBEPTOPHBIX
CHCTeM. DTOMY CIIOCOOCTBYeT IIPHMeHEHIe COBpe-
MEHHBIX YUII-TEXHOJIOTHI II0JTyIIPOBOHUKOBOIO
JaTYMKa TeMIEPATYPbl 1 IMUTTEPHOTO TOKOBOTO
3epKaJia B COYeTaHNM C IIPOBEPEHHOM BHICOKOM Ha- 50
J&KHOCTBIO TEXHOJIOTUI KOPITyCUPOBAHHS, TAKAX 0 100 200 300 400 500
KaK npsiMoe cBapHoe coenuHenwe (DLB) n amomu-
HUEBBIA pagraTOP OXJIAKIEHNUS. -

Opuzunan cmamou onyb6auxoban Puc. 11. XapaktepvcTvikv nHBepTopa Ha 6a3e Mogynen J1-cepum
Ha www.bodospower.com
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Temnepatypa kpuctanna Tj, °C
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