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IMPOI'PAMMA TEIIJIOBOI'O PACYHETA SEMISEL 4.1
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THERMAL SIMULATION TOOL SEMISEL 4.1

New version of famous simulation tool for analysis of power losses and thermal modes of power converters.
Key words: thermal simulation

Beenenue

[lepBeIii BapuaHT MpOrpaMMbl aBTOMATH3MPOBAHHOTO pacueTa W BbIOOpa KOMIIOHEHTOB
kommanuss SEMIKRON mnpennoxuna mist maccoBoro npumenenuss B 2001 romy, ¢ Tex mop
NOCTOSIHHO OOHoBIsiemast on-line Bepcuss SEMISEL noctynHa Ha caifte www.semikron.com.
[Iporpamma MoXeT OBITh UCIIONB30BaHA Ul aHAJIH3a OCHOBHBIX KOH(HTYpaIHii CXeM B pealbHbIX
YCIIOBUSIX OJKCIUTyaTallid, OHa CHOCOOHa MOMOYb pPa3pabOTUMKy MPAKTUYECKHM Ha BCEX OSTamax
NPOEKTHPOBAHUS OT (OPMHUPOBAHUS TEXHUYECKOTO 3aJaHsi M BBIOOpa KOMIIOHEHTOB JO
ONTUMHU3AINU CUCTEMbBI OXJIAKICHUSI.

SEMISEL npeniaraet mojib30BaTe0 HECKOJIBKO PEKHUMOB PaOOThI, BKITFOYAIOIINX TETUIOBOM
pacuet, BbIOOp cuioBoro kmoua (Device Proposal), roroBoii cOopku (StackSel), ycrpoiicTBa
ynpasinenusi (DriverSel). CaMblM BaXKHBIM 3TarioM HPOCKTHPOBAHUS SIBIISIETCSI pacyeT MOTeph
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HTMN N SOMEKTUBHOCTL NMPOVN3BOACTBA

MOIITHOCTH M TEMIIEPATypPhI MIEpEerpeBa, B UHTEPHETOBCKOW BEPCUM OH HOCUT HazBaHue Step by Step
Design.

Tabmuua 1
DIIeKTpUIeCcKre Exn. uzm TepMoauHaMuuecKue En. uzm
napameTphl napameTphl

3apsn Q K Tennosas sueprus Qy JIx
Tox I A TennoBoit notok P Bt
Hanpsoxenue U B Pasnocts Temneparyp AT °C

Conpotusnenue R Om TennoBoe conpotuBnenue Ry, °C/Bt

Emxocts C ()] Temnoemrocts Cy, Jx/°C

I'maBHBIM KpHUTEpHEM IMPABUIBHOCTH BBIOOPA 3J€MEHTA, MMO3BOJSIONIMM OIEHUTH 3amac 1o
NIPEACIbHBIM PEKUMAM M CIIPOTHO3MPOBATH IIOKA3aTeNIM HAACKHOCTU SIBISETCA TeMIEparypa
KpUCTaUIOB T; B CTaTUYECKHUX M AMHAMUYECKUX pekumax. OHa pacCUMTBHIBACTCS HA OCHOBAHHUU
BEJIMYMHBI MOIIIHOCTH MMOTEPh, METOIUKA ONpEESICHUsI KOTOPOH Mo ipoOHO onvcaHa B [1-4].

JIng aHanu3a JUHAMUYECKHUX TEIUIOBBIX MTPOLIECCOB MOJIEb CHIIOBOTO KJIK04a MPECTABIAETCS
B BHJIC€ SKBHUBAJICHTHOM JJIEKTPUYECKOW CXEMBbI, COCTOALIEH u3 HekoToporo konuuyectBa RC
nenoyvek. McTrouHuky Teruia Ha 3JeKTPUYEeCKON cXxeMe 3aMEHSI0TCS HCTOYHUKaMM TOKa, a 0a30Bble
3HaueHusl TemrepaTypsl (Hampumep, Ta — TemmepaTypa OKpy»Karouleil cpeibl) — HCTOUYHUKAMHU
HaNPsDKEHUS. ODKBUBAJICHTHBIE TEPMOIMHAMUYECKHE WM JJIEKTPUUECKHE NAapaMeTphl NMPUBEACHBI B
tabmuue 1. Pacyer temneparypel kpuctamia IGBT Tjiger B yCTaHOBHBHIEMCS COCTOSHHUH
IPOM3BOJIUTCS B COOTBETCTBUU CO BbIpakeHHeM (1):

TjJGBT = PvJGBT 'Rth(j—s) + ZPVJ 'Rth(s—a) +1, (D
n

rae Py, — cyMMmapHas MOIIHOCTH IOTEPh BCEX DJIEMEHTOB, YCTAHOBJIEHHBIX Ha O0OLIEM
paauarope.

AHaM3 TEIUIOBBIX PEXHMMOB NPU HOMHHAJIBHON HArpys3ke sIBIseTCs 0a30BBIM JUIS OLICHKH
COCTOSIHUSI TIEperpy3KH, OKa3bIBAIOIIEro HaumOoJblllee BIUSHUE Ha HAJIEKHOCTh pPabOThI
npeoOpa3oBaTeIbHOTO yCTPOHCTBa. PacueT mpenenbHbIX pexxuMoB B SemiSel mpousBomuTcs s
JIBYX CIIy4aeB, ONpeJeNseMbIX B OKHE «overload parameter» — 3To meperpyska 1mo TOKy, 3aJaHHast
K02 PULIMEHTOM U JUIUTENbHOCTHIO pexuma (factor, duration) u neperpes, 00yCIIOBIEHHBIN HU3KOU
YaCTOTOW BBIXOJIHOTO HampskeHus (min output frequency).

VYBe/ln4yeHne TOKa Harpy3Kd MPHUBOAUT K POCTY MOTEPb M TOBBIIICHUIO TEMIIEPATYPHI
Kpuctaiia. Hanbonpmmii mHTEpEC MpeACTaBiseT OICHKAa TUHAMHKH STOTO IpoIlecca, 0COOEHHO
€ClIM Teperpy3ka HOCUT KPaTKOBPEMEHHBIH XapakTep, W TeMIlepaTypa HE YCIEeBaeT J0CTHYb
YCTaHOBHBILETOCS 3HAYCHHA. B 3TOM cilydae meperpeB OmpeaessieTcs MO MPHUBEICHHOH BBIIIE
dbopMmyiie, B KOTOpPOIl TEMIOBOE COMpPOTHUBIIEHUE Ry, 3aMeHsieTcs Ha TUHAMHYECKHU UMIIETaHC Zi,,
YTO M03BOJIAET NOIYyYUTh MTHOBEHHOE 3HaueHue Tj B 3aBUCMOCTH OT JUIUTEILHOCTU pexuma (2).

TjJGBT(t) = PVJGBT(t) : Zth(j—s)(t) + z[)vin(t) ) Zth(s—a)(t) + Ta (2)

IIporpamma SEMISEL  npous3BOAMT pacyeT TEIJIOBBIX PEXUMOB C  IOMOIIBIO
SKBUBAJICHTHBIX JJIEKTpPUYECKUX cxeM. [l anmpokcuManuu rpaduka 3aBHCUMOCTH Zg, = f{(t,)
ucnonb3yercs uenb U3 3 u 6onee RC-3BeHbeB (puc. 1) Kaxmoe U3 KOTOPBIX OTBEYAET 3a CBOU
y4acTok xapakrtepuctuku. s Bcex wmoxayneir u  pamumatopoB SEMIKRON  mapamerpsr
COOTBETCTBYIOIIUX 3JIEMEHTOB PACCUUTAHBI U BKJIIOUEHBI B 0a3y JaHHBIX IPOTrPaMMBI, TAOJIHUIBI CO
3HaUYCHUSIMHU R, ¥ T, MO)KHO HAlTH B KaTajorax MpOAYKIIMH, BEITyCKaeMbIX Gupmoii. Haumnas ¢ 3
Bepcun SEMISEL, ee pa3paboTuuky NOCTaBUIIM CBOEH LEJIBIO CeNaTh MPOrpaMMy MPUTOJHON 1is
aHaym3a Mpeodpa3oBaTENbHBIX CXEM, CO3JJaHHBIX Ha OCHOBE JIFOOBIX KOMIIOHEHTOB, HE3aBHCUMO OT
npousBoauTens. C 3Toi b0 B MEHIO BbIOOpa cuitoBoro kiroua «Device Parameter» BKiroueHO
okHo «Create User Defined Device», ¢ mOMOIIBI0 KOTOPOTO MOXHO OIHCATh XapaKTEPUCTHKH
CHJIOBOT'O MOJYJISl U CO3/1aTh €TI0 TEIJIOBYIO MOJIEIb.
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Puc. 1.

JlanHasi BO3MOXHOCTb pacIIMpeHa C IOMOIIbI0O HMHCTpPYMEHTa «Zgy extractor» (puc. 1),
MO3BOJIAIONIETO OMpEAeNsATh MapaMeTpbl MOJENU Mo TIpaduKy AMHAMHYECKOTO TEIJIOBOIO
umnenanca. CeMencTBa KpUBBIX Zy, U Pa3IMUHBIX JJIUTEIBHOCTEW MMITYJICOB IPOBOJIUMOCTH U
kod(urmentor 3amonHeHus (Duty Cycle) mpuBoasTcss B TeXHHYECKOW JoKyMmeHTaruu. HoBas
OIMIIUS J1a€T BO3MOXKHOCTh BBECTH ITH IrpaduKu B TAOIUYHON (POpME MK C MOMOIIBI0 HECKOIBKHIX
IIEJTYKOB JIEBOM KHOIKOM MBIIIN B OKHE «Zg Datay. Ilocie 3amaHust JaHHBIX U HaXXaTUSI KHOIIKH
Result mpoucxoauT aBTOMaTH4eCKas reHepanus napameTpon R u t.

OOHoBIIeHNE 0a3bl JAHHBIX H HOBBIE KOH(OUTYPALIUU CXEM.

CraropHas
ofbmoTKa

Circui

Input Voltage: %

Duty Cyce during pulse

out 0 A

i
Pulse Width oy [P0
Cyele Duration i 01
SwichingFreauency  f_

T

3yBuaThlid
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User defined Load Cycle
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Puc. 2. Cxema ycTpoiicTBa U 3a/jaBaeMble TapaMeTpbl

[ToctosiHHOE OOHOBJIEHME M TIONMOJHEHHWE 0a3bl JAaHHBIX SBISETCA 00s3aTEIbHBIM
TpeboBaHuEM 1151 JIF0O0H Mo100HON porpaMmbl. B Oubmmoreky snementoB SEMISEL BkimtoueHsl
Moaynu ueTBepTroil TeHepammu Trench 4 IGBT. Oco0OeHHOCTSM STHUX CHUJIOBBIX KITFOYEH,
SBIISIFOIIMXCST HA CETOAHSALIHUNA JeHb HauOojee YHHUBEPCAJIbHBIMH Ul MPUBOJHBIX MPUMEHEHHH,
MOCBSAIIEHO JOCTAaTOYHO MHOro mnyonukamuidi [5]. OTMeTHM, 4TO OporpamMma IperoCTaBiseT
BO3MOXXHOCTb @HaJIM3a CXEM C IPUMEHEHHEM YCTAPEBIIMX THUIIOB MOAYJIECH C IOMOIIBIO OINIIHMH
«Add Former Generationsy.

OmauM W3 TIaBHBIX JOCTOMHCTB nporpamMmbl SEMISEL mo cpaBHeHWIO C aHaJOTHWYHBIMHU
cpeacTBaMu pacyera sBiserca wmupokuit Beioop cxem AC/DC, AC/AC DC/AC u DC/DC, B
YACTHOCTH 3TO BCE BO3MOKHbIE KOH(UTYypallMK YIPaBIsEMbIX U HEYIPABISAEMBIX BBIIPSIMUTENCH,
AC xitoueil, UHBEPTOPOB M YOMIMEPHBIX KackanoB. B Oubmmoreky cxem SEMISEL Bkitouen
HECUMMETPUYHBIN OnHO(A3HBIN NpeoOpa3zoBaTeb, NPEJHA3HAYCHHBIM Ul YIpPaBIEHHS TOKOM
napbl TOJIOCOB BEHTWJIBHOTO uHAyKTOpHOro nasuratens BUPJ[ (SRM — Switch Reluctance
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HTMN N SOMEKTUBHOCTL NMPOVN3BOACTBA

Machine). Cxema ycTpoiicTBa M 3ajaBaeMble MapaMeTpbl MPUBEACHBI HA puc. 2. B oramume ot
OOBIYHOTO YOMNMEPHOIro Kackaja JaHHbII MHBEPTOP MO3BOJIAET (OPMHUPOBATH MAUYKU UMITYJIBCOB C
BBICOKOYACTOTHBIM 3aIIOJIHEHUEM, MapaMeTpbl KOTOPHIX SIBJISIOTCS MCXOIHBIMH Ui HPOTrpaMMBbI
pacuera.

UYerBeprass Bepcusa  nporpammbl  SEMISEL  nomonHeHa  cxemMoil — 3-ypOBHEBOIO
npeoOpaszosarens ¢ Guxkcupyroummu tuogamu 3L NPC (puc. 3), koTopast IIMPOKO UCHOIB3YETCs B
UCTOYHMKAX OecnepeOONHOro MUTAaHUS, KOHBEPTOPAX COJNHEYHBIX SHEPreTUYECKUX CTaHIHUM,
MOIIHBIX npuBoaax. IIpu pacuere nuBepropa 3L NPC ncnonbs3yrorcs BelpakKeHHUs, IPUBEIACHHBIE B
Tabnure 2.

Boruncnenue temmeparypsl neperpeBa kpucramioB cxeMbl 3L NPC nHa ocHoBe 0a3oBbIX
3HAUEHUIN HaNpsHKEHWM W TOKOB, NPOM3BOAMTCA B HECKOJIBKO JTamnoB. B mepByrlo ouepenb
onpezensercs cpeguee I,y u cpegnexBagpatndoe Iy 3HaueHue Toka kaxaoro IGBT u nuona.

Fle Edt View Design Toc

Circuit Parameter - 3L NPC

Input Voage

Output Vokage

§§<5<

B

T

Cosinus Phi
Output Power

&

g ¢ g g

Output Current
Switching Frequency

Output Frequency

Overload Factor
Duration

M Ouput Freauency £ 50

Min. OuputVotage  “minout [400

N

User defined Load Cycle

Puc. 3. cxemoit 3-ypoBHeBoro npeobpaszoparens ¢ puxcupyromumu guogamu 3L NPC

Ha ocHOBe »3THUX BENWMYMH pPACCUMUTHIBAIOTCS CTAaTUYECKUE W JIMHAMHYECKHE TOTEpH,
MOJIyYCHHBIC JIAHHBIC UCTIONB3YIOTCS JIJIsl OMPEICIICHUs TEMIIEPATYPhl pauaTopa, Kopiyca Moy,
KpHUCTAJUIOB.

Tabnuma 2
F)con = Ua .Iavg +rf .]rms
ITorepn npooxumoctu IGBT = M_°F [sin|(/)| +(m - |¢|) cos ¢]
(Q1/Q4) “ 4x
Mel?[ 4 1
s = ————|1+—cosp+—cos(2
4 [ 3 ¢ 3 ( go)}
f)con = Un .Iavg +7/_’f .Izrmx
I = ﬁ Mol [sin|g0| - |(p|) cos (p]
[Torepu mpoBoaumoctu IGBT e Y
Q2 Ioms = [ {1 _icos +lcoS(2 )}
4 3OO TN
[MoTepu nepexmoueHust IGBT 1
(QI/Q4) Psw = ;(Eon + Eoff ). f:vw

OO01re NPUHIUITEI aHATH3a MOILTHOCTH TIOTEPh M TEIIOBBIX PEKUMOB IS 2-X U 3-YPOBHEBBIX
YCTPOMCTB OIMHAKOBBI, Pa3IMYuUs KacaroTCsl METOJIMK pacueTa TOKOB KpuctaioB. Kaxaoe ¢aznoe
me4o 3-ypoBHEBOM cxeMbl coaep:kut 10 kimtoueid (detbipe nocienoBarenbHo coequHeHHbix IGBT
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HTN N SODEKTUNBHOCTL NPOVN3BOACTBA

C AHTHUINAPAJUIEABHBIMHM JUOJAMHU + JBa (DUKCUPYIOIIMX AMOAA — CM. pUC. 3), B TO BpeMs Kak
KJIACCUYECKUH TOJIYyMOCT COCTOMT M3 4eTblpex Kiroued. CIencTBUEM 3TOro sBISETCS Oouibliee
KOJINYECTBO KOMMYTALIMOHHBIX PEXUMOB Ul KaXKAOT0 MOJIYIPOBOJHUKA U OoJiee CIOXKHBIE MyTH
MIPOXOXKACHUS TOKA.

[Ipocteiimum cioco6oM ¢opmupoBanusi currainoB ympasienus IGBT B mmeue 3L
UHBEPTOpa SBJISIETCS CpPAaBHEHHWE [JBYX CHMMETPUYHO CABHHYTHIX OTHOCUTEIBHO HYJIEBOTO
MOTEHLIMANa ONOPHBIX TPEYrOJbHBIX HANPSIKEHUH C CUHYCOMIOH. /[aHHBIN NMpUHLMII reHepauuu
[INM-curnana nHocut HazBanue PD (Phase Disposition). B To BpeMsl kak «BHELIHUE» TPAH3UCTOPbI
T1 u T4 xoMmMyTUpYIOT TOK B akTUBHOU (paze, «BHyTpenHue» IGBT (T2, T3) MoryTr mocTosiHHO
HaXOAUTHCSI BO BKJIIOYEHHOM COCTOSIHUU. B 3aBUCHMOCTH OT yrjla MPOBOAMMOCTH ATO COCTOSIHHE
MOJKET MPOAOIKATHCS BIUIOTH JI0 Moyneproaa curycousl (180°).

Hcexoauplil TECT JOCTOBEPHOCTH OMNPEIEIIEHUs CPEJHETO TOKA MPOM3BOAMUTCS C IOMOILBIO
nepBoro 3akoHa Kupxroda npumMeHHUTENIbHO K TpeM TOUKaM (COEIMHEHUs KOJUIEKTOpa U IMUTTEpa
nocnenosarenbHblx IGBT). Ha koHeyHOM 3rame pacueta 3TH BEJIMYMHBI CPaBHUBAIOTCS C
pe3yJbTaTaMH, IOJyYEHHBIMM B XOJE€ MOJACIUPOBAHUS M H3MEPEHUH, U NPOU3BOAUTCA
COOTBETCTBYIOIIAs. KOPPEKIIMSL.

CpaBHEHI/Ie XaApPaAKTEPUCTUK

Base Device

SKiiP24NAB12T4V1™
16W

ISKiP24NAB12T4V1*
Product Line

| MiniSKiP (127)
Device

condtr
14W

30W
2w
5W

swir

condd

SKiiP23NAB126v1

swd
W

222W

g e

SKiiP23NAB126V1
18W

2w
40w
2w
8w
1w
301w

Comperieon L2 W 1MW

89°C 106*C
89°C 106°C
113°C 142°C
93 °C 124°C

SKiP23NAB126V1

4 4 4 4 " D v D T UV O

a =% o o o

Puc. 4.

OnHOi U3 rIaBHBIX MPOOJIEM MPOEKTUPOBAHUS IPEOOPA30BATEIHLHOIO YCTPOUCTBA SBIISETCS
BHIOOp CHJIOBOTO KJIFOYa, OOECTICYMBAIOIIEIO0 MHHHMMAIBHBIA YPOBEHb IOTEPh NPU 3aJaHHBIX
ycnoBusx akcruryatanuu. C momouisto nporpamMbsl SEMISEL sta 3amaya u pasblie pelnanach
BIIOJIHE YCHEIIHO: JOCTaTOYHO ObUIO 3aJaTh padoune PEeXKHUMBbI, MPOBECTH pPACUET CXEMBbI AJIs
HECKOJIBKMX MOAXOIAIINX TUIIOB MOZYJIEH U COIIOCTaBUTh PE3YJILTATHI.

HoBas Bepcus mnporpammbl COAEPKUT OILHIO, IO3BOJSIOIIYIO YIPOCTUTH IPOLECC
CpaBHEHHUs UM cjeiarh ero Oojee HarysgHbIM. Temnepb, MpoBeAs BBIYMCICHMS JUISL OJHOTO W3
BBIOPAHHBIX CHJIOBBIX KJIFOUEH, MOKHO IICIKHYTh MPAaBOM KHOMKON MBIIIM HAa OKHE PE3yJIbTaTOB,
3agath pexuM «Device Comparison» M BbIOpaTh J11000H U3 ambTepHATHBHBIX Moaylied. B
pe3ynbrare 3Toro mnosiBUTCS OkHO «Losses and Temperatures», B KOTOpoM OyIyT yKa3aHbI
3HAYECHMUsS PACCEUBACMOM MOIIHOCTH M TEMIIEpaTypbl IEpPErpeBa B HOMHUHAIBHOM W ITMKOBOM
pexuMe ISl pacCMaTpUBaeMbIX BapHaHTOB (puc. 4).

3aganue popMbI UMIYJIBCA

r~ Circuit P

Input Voltage vin 600 v 1A
|
Wave Form apezoi Rectangular = - ‘
Switching Frequency f Im kHz Trapezoid ] . }
S Triangular : ‘
Output Current | max I1UG A ; .
t 0 T . b—i‘ »
| T e Tk
¢ 39z =] 30
oot 0.45 1T .
Puc. 5.
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[Ipn MonenupoBaHuM peXUMOB pabOThl 0HO(A3HOIO MHBEPTOPA BaXKHO YUUTHIBATH (popmy
TOKa, MPOTEKAIOUIET0 Yepe3 KIoUeBOM TpaH3ucTop. KpuBas ero u3MeHeHus: B TE€UEHHE UMITyJIbCa
MPOBOJUMOCTH OKa3bIBAE€T CYIIECTBEHHOE BIIMSIHUE HA BEIMYMHY JuHamuyeckux norepbr [IGBT.
OCO0eHHO aKTyaJlbHBIM 3TO SIBJISIETCS TIPU paboTe MHBEPTOpA HAa HArPY3KY, UMEIOLIYIO IOCTAaTOYHO
HU3KYI0 UHIYKTUBHOCTb, KOT/Ia TOK HArpy3KH MEHSETCS C YaCTOTOW KOMMYTAIIMH, YTO XapaKTepHO,
HaIpuMep, 111 yCTAHOBOK MHIYKIIMOHHOT'O Harpesa.

[Tporpamma SEMISEL mo3Bonsier 3amgaBaTh Tpu (GOpMbI HUMIyJbca (cM. puc. 5):
npsmoyroibHyto (Rectangular), tpanemuunnansuyto (Trapezoid) u tpeyromsayto (Triangular). B
pe3yJsibTaTe Mpu pacyeTe KoMmMyTalMoHHbIX oTeps IGBT u aHTUmapaiiensHOro AMo/1a 3HaYECHHUE
SHEPrUM BKJIIOYEHHS U BBIKJIIIOUEHUS KOPPEKTUPYETCS C yYETOM COOTBETCTBYIOLIEW KpUBOH, YTO

MO3BOJISIET MOJIYYUTh 3HAuYeHWE TemmepaTypbl neperpeBa uunoB IGBT u nuoma ¢ BBICOKOM
TOYHOCTBIO.

Ileperpy3ka npu HU3KHX YacTOTaX padoThl MPUBOJA

Fout=1Ty A

lout/Inom B
o N\ AT )

Fout= 10Ty 06 \\
04
02
o
02 a d 2
04 /
06 /

08 N

=

L
~—
[

Fout = 50 'y

L
AT
L1

el |

T~
AT
T
I,
|t

~
]

Puc. 6.

[Ipu anammze cxemsl 3-daszHoro mpuBoaHoro muepropa SEMISEL paccmarpuBaer aBa
MIPENETIbHBIX COCTOSIHMSI, MPHUBOJSALIMX K IOBBIILIEHUIO TEMIEPATypbl YWIIOB OTHOCHUTEIBHO
cpenHero 3HadeHusa. llepBoe M3 HUX BBI3BIBAECTCS TOKOBOWM IEpPErpy3Koil, KOTOpas 3aaaercs ¢
nomoinkio koddduuuenra (Overload factor) u qnmurensnoctu (Duration).

JlocTaTouHO CIIOKHBIM TEIIOBBIM PEKUMOM SIBIIsIETCSl paboTa MPUBO/IA Ha HU3KUX YaCTOTaX
oru0arolieil Win MycK C HYJIEBOM 4acTOThI, 0COOEHHO €CIU 3TO MPOMCXOIUT IMPHU MOBHIILIEHHOM
MomeHTe/Toke. Ha camom gene curyanmu, korna fo, = 0 HE cyliecTByeT, MOCKOJBKY JlaXe MepBOe
Kosie0aHHe BBIXOHOTO HAIMPSKEHHUSI UMEET Nepuo] KOHEUHOU anmuTenbHoCTH Ti. COOTBETCTBEHHO
CTapTOBasl YacTOTa JOJDKHA OMpenensiThes, Kak fo, = 1/T), mpu stom T; MoxkeT ObITH HAMHOTO
OoJblile TEIUIOBOW TOCTOSHHOW BpeMEHHU Bceil cuctembl. [Ipobiema OIeHKH JaHHOTO peXHuMa
CBSI3aHA KaK C HU3KOM KOPPEKTHOCTHIO CTAHJAPTHBIX (DOPMYII TEIJIOBOIO pacuera HHBEPTOpa, TaK U
C TeM, 4YTO TporpaMma Hpeirnonaraer Oojee-MeHee PaBHOMEPHOE paclpe/ielieHue Tera I10
MOBEPXHOCTU TEmI00TBOAa. ONHAKO MpPU OYEHb HU3KUX YacTOTaX MOXKET OKas3aThes, 4To 1 u3 6
KJIIOYel HMHBEPTOpa pabdOTaeT MNpPAaKTUYECKH Ha IIOCTOSIHHOM TOKE W SIBJISIETCS. OCHOBHBIM
HMCTOYHUKOM MOTEPb.

Ha puc. 6 nokasano orkiaoHeHue nukosoi Temmnepatypbl uuna IGBT T; iger oT cpennero
3HAYEHUS MPU Pa3IMYHBIX YacTOTax paboThl MpuBoaa. HopMupoBanHas kpuBasi U3BMEHEHUS TOKA, B
COOTBETCTBUE C KOTOPOW NPOU3BOAWINCH pAacyeThbl IEperpeBa, MpPUBEJEHA B IIPaBOW 4YacTu
pucynka. OOpaTuTe BHHMaHHE Ha TO, YTO MPU ATOM COOTHOIIECHHE lo/lhom HE mpeBbIIACT
€AMHUYHOIO 3HAYEHUs], T.€. IEPErPy3Ka M0 TOKY OTCYTCTBYET. [IpHunHON yBeIMUEHUS aMIUIUTY b
nynascauuii dT; mpu TOH e BeNMYMHE paccerMBaeMOM MOIIHOCTH P, sBisercsa HexocrarouHas
TCIUIOBad MHCPLOUA TCIUIOOTBOMAA, HeCHOCO6HOFO C IOHMXEHHUEM 4acTOTHI 00eCHEYUTh paBHOMEpPHOC
pacrpe/ieieHre TerTa MeX /Iy TPaH3UCTOPAMH MOJ[yMOCTOBOTO KacKa/ia.

Jlnst yueTa meperpeBa, BbI3BaHHOTO 3TUM 3¢ dextoM (puc. 7a), B SEMISEL ucnons3yercs
nonpaBouHbli  kodpdunment K(f), rpaduk 3aBHCMMOCTH KOTOPOTO OT YacTOTHI TOKa3aH Ha
pucynke 7b. Brutots no Bepcum 3.1 mis kaxxaoro 3HadeHus: fo, MpUMeHsu1ach (DPUKCHpPOBAHHAS
BenuurHa K, He3aBUCHMMO OT THUIIa KOMIIOHEHTa. JTO BHOCWJIO OIpPEEICHHbIE MOTPEIIHOCTH B
pacueTsl, MOCKOJIBbKY B PEaTbHOCTH KOJICOAHUS TEMIIEpAaTyphl 3aBUCAT OT TEIUIOBOTO MMIIEIaHCa
MOJIYJISL.

Teneps naHHas npobiaeMa pelieHa, 1 MornpaBka BHOCUTCS WHAWBUIYaIbHO B 3aBUCUMOCTH
OT TEIUIOBBIX XapaKTEPUCTUK KOHKPETHOTO CUJIOBOTO Kitoua. bosnee Toro, MeToauka onpeaencHus
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rpauCHTa OTINYACTCA AJId Monyneﬁ 0a30Boii 1 «0e30a30BO» KOHCTPYKIHH.
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B nepBoM citydae dTjmax) = dTcjav X K(fou) T Te, Bo BropoM: dTjmax) = dT(-cpav X K(four) +
Ts, rne T, — Temneparypa xopiyca moxyis, Ts — Temneparypa paguaropa. COOTBETCTBEHHO s
pacueToB MEPEXOJHBIX COCTOSHUN MPUMEHSETCS KpHUBas JMHAMHYECKOTO TEIUIOBOTO MMIIEAaHCa
Zin(j-c) WA Zg(j.s) B 3AaBUCUMOCTH OT KOHCTPYKIUU KIIIOYA.

CpaBHeHHE TMpeXHEro M HOBOTO METOJOB pacueTa MyJbCcalMii TeMmeparypbl B
MEPErpPy30YHBIX PEKUMAX TOKA3BIBACT, YTO HCIIOJIIB30BAHHUE «adanTHPOBaHHOTO» 3HadeHus K(f)
MO3BOJISIET TIOJYYHTh 00JIe€ KOPPEKTHBIC pe3yJIbTaThl, 0COOCHHO B auama3oHe dactoT 1...10 I,
r7ie IeperpeB MOXKET JIOCTUYh KPUTUUYECKHX 3HaueHuM. Cka3zaHHOE MOSICHSAETCSl MPUBEICHHBIMU B
tabnuie 3 pesyiabraTaMu aHanu3a 3-aszHoro mHBepTOpa Ha O6asze moayis IGBT SKM400GB128D
MIPU CJIETYIOUIUX YCIOBUSX SKCIUTYaTaAIMH:

e Ttun paauatopa — P16/200;
HarpspKeHue nmutanus Vg = 650 B;
yacrora [IIUM fg, = 4 xI'11;
TOK Harpy3k Loy = 125 A;
nieperpyska — 50%, 60 c;

® U3MEHEHHE YaCTOThI BBIXOAHOTO curHamia foy = 0,1...50 I'm (Vo =41...400 B)

Croub BBICOKHI ypOBEHB TEeperpeBa YMIoOB PU HU3KOW YacTOTE OTHOAroNIe 00bsICHIETCS

TeM (AKTOM, 4TO JAWHAMUYECKUH TEIUIOBOM MMINENaHC Zpi.c) CTaHmapTHbIXx Moxyneid IGBT
JOCTHUTAaeT yCTAaHOBUBILIETOCS 3HAYCHUS IIPU JUIMTEIBLHOCTH MMITYJIbCa IIPOBOJUMOCTH t, =~ 100 mc.
[Ipu vacrore BeixoAgHOTO curHana fo, = 1 'l cumoBoit kirou mpoBoauT Tok B Teuenue 500 mc,
COOTBETCTBEHHO TEMIIepaTypa YUId MPAKTUYECKU YCIIEBAET JOCTHUYb YCTAHOBUBIIETOCS COCTOSHUS
MIPU MAaKCUMAJIbHOW PacCEeMBaeMON MOIITHOCTH.

Tabmumna 3
Fout, I'T | Tjmaxicat, °C Timaxp, °C | Timaxyicat, °C Timaxp, °C dT, °C
SEMISEL V3.0 SEMISEL V4.1
0,1 139 144 137 141 -3
1 129 132 135 140 +8
2 129 132 135 140 +12
121 122 127 132 +10
10 120 120 125 126 +6
20 120 118 124 121 +4
50 122 116 124 116 +2

Heo6xonumMo OTMETHTB, UTO BO BCEX PACCMOTPEHHBIX pexumax BenuunHa dT He siBisercs
IPaIUeHTOM padodvero IMKIIA, MOCKOJIbKY JIUTEIBHOCTh COCTOSHHS TIEPErpy3KH ropasio MEHbIIS
MPOJOJHKUTEILHOCTUA CTaHAapTHOro mukia. OmnpeneneHue nepemnana TeMIEpaTypbl B MOCIEIHEM
ciy4ae JO/DKHO Mpou3BoauThes ¢ momoinbio omun «User Defined Load Cycley.

PaHee, HC3aBUCUMO OT THIIA HUCIIOJIB30BAHHBIX CHJIOBBIX KJ'IIO'—ICI‘;I, HOpMaJIBHBIM YCJIOBI/IGM
9KCILTyaTalliy CYUTAJICSA PEXKUM, IPH KOTOPOM B HOMHHAJIBHOM PEKHUME TeMIlepaTrypa KpUCTaJIJIOB

N25 (148) 2016 SHEPITOCBEPE>KEHWE * SHEPIMETUKA e SHEPIOAYAUT

45



46

HTMN N SOMEKTUBHOCTL NMPOVN3BOACTBA

T; me npessimana nopora B 125°C, a npu kparkoBpeMeHHOH neperpyske — 155°C. B npotuBHOM
cilydae mporpaMMa BbIIaBasia B OKHE pe3ysbTatoB pe3tome «This configuration does not work!». C
nosiBneHreM HOBbIX Monayiei IGBT Trench 4 [5] rpanuubl 6e3omacHoil paOoOThl pacIIUpUIUCh
npuMmepHo Ha 25°C: Temepb OrpaHMYEHHs IO MNEPETrpPeBYy B HOMHUHAIBHOM M IEPETrpy30YHOM
pexuMe cocTaBisitoT cooTBeTcTBEHHO 150°C m 175°C u 3TM 3HA4Y€HUs YUYUTHIBAIOTCS IpU
BeIpaboTke pekomenaanuii B sepcun SEMISEL.

HoBble pyHKIMH Kypcopa U MbILIH

Hwxe mepeunciienbl HOBbIE BO3MOXHOCTH MBILIIM U Kypcopa mpu pabote ¢ rpaduieckoit
nnpopmanuert SEMISEL 4.1:

e Haxxatue npaBoil KHOIKM MBIIIM, KaK W IPEXKAE, BbI3bIBAET KOHTEKCTHOE MEHIO, B
KOTOpPOM Kpome npexHux NyHKTOB «Characteristics» (moctpoenue rpadpukoB) u «Properties»
(mepexon K JpyruMm pasjenaMm MeHio) nosiBwinch HoBble — «Full Size Graphic» u «Device
Comparison» (cM. puc. 8). IlepBast omnuus MO3BOJNSET YBETUYUTh TpaQuK 10 pa3MEpoOB IKpaHa,
BTOpas — BbI3bIBACT MeHIO0 «CpaBHEHHE XapaKTEPUCTHK», BO3MOXKHOCTH KOTOPOro ObUIH
paccMOTpEHBI B IPEABIYIINX pa3esiax CTaTbu;

e Temnepb, ecau MOABECTH CTPEJIKY Kypcopa K JIF0OOW TOYKEe Ha KPUBOW, MOKHO IMOJIYyYUTh
ee KOOpAMHATHI B OKHE, PAaCIOI0KEHHOM B IIPAaBOM HM)KHEM YTy, KaK [T0Ka3aHo Ha puc. §;

e YCOBepIICHCTBOBaHA (DYHKLUS MMOMOIIM MPH paboTe ¢ MpOrpaMMoOil: COOTBETCTBYIOLIHUE
MOSICHEHHUSI TTOSIBJIIIOTCS TIPU YCTAaHOBKE Kypcopa B JTI000€ OKHO 3aJIaHHsI HCXO/IHBIX JIaHHBIX;

e [IporpamMMa mnpoOM3BOAUT ABTOMATHUYECKHI KOHTPOJbL NPEIETbHON pabouell 4acTOThl
MOJTyJIsl M TMKOBOI'O 3HAYEHUS TOKA Icrwm;

e JlporpamMmMa crocoOHa MPOBOJUTH aHAIU3 PEKUMOB NPU OTPULATEIBHBIX PabOUMX
TEMIEPATYPaAX;

e B pexume «Device proposal» (BeIOOp THIa MOIyJsl) BO3MOXKHO 3a/IaHUE KOJIMYECTBA
npeaIaraeMblx MOJyJIel U OrpaHUUEHUE 110 NpeJebHOM pabodeit Temneparype Tima.
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S S T O R 5.6
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Copy ctritc
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CrpemieHHEe K TIOBBIIICHWIO TEXHWUYECKOH HM  OKOHOMHYECKOW () (HEeKTHBHOCTH
peoOpa3oBaTeIbHBIX YCTPOMCTB CAENAIN BHIOOP AJIIEMEHTHOW 0a3bl OJHUM M3 CAMBIX Ba)KHBIX
ATanoB NpoekTupoBaHus. He MeHee oTBeTCTBEHHOI (ha3oi pazpabOTKH SBISETCS pacueT TEIUIOBbIX
PEKHUMOB, BAXKHOCTh KOTOPOT'O 00YCIIOBICHA HEMTPEPHIBHBIM YBEINYEHUEM IJIOTHOCTH MOIIIHOCTH.

Pactymee wmHOrOOOpaswe  pemieHuWd, TPUMEHSEMBIX B CHJIOBOM  DJIEKTPOHHUKE,
CIeIMaIN3alisg TUTIOB KOMIIOHEHTOB MPUBEIH K TOMY, YTO CpaBHEHHE OJM3KHUX 10 HAa3HAUEHUIO
CWJIOBBIX MOJIyJIed Ha OCHOBAaHUU TOJBKO CIIPABOYHBIX JAHHBIX CTaJO CEPhE3HOM MpOOIEeMOH.
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CnoXHOCTh BBIOOpa KOMITOHEHTAa 3aKII0YaeTCs W B TOM, 4YTO JKEJIATEIIbHO MaKCUMAIbHO
WCIIONIb30BaTh €ro MOIIHOCTHBIE XapaKTepUCTUKU, YTOObBI HE TIUIATUTh JIMIIHUX JCHer 3a
HEOMNpaBAaHHBIN 3a1ac 0 MOITHOCTH.

[IpoekTupoBaHuEe CHIIOBOIO KacKaja SIBJISIETCS CJIOKHBIM MHOI'OCTYIEHYATBhIM IMPOLIECCOM,
TpeOYIOIMM OT COBPEMEHHOTO pa3paboTunMka OoNbpIIOr0o oO0beMa 3HAHWH W OMbITA.
ABTOMaTH3UPOBAHHBIE CPECTBA Pa3padOTKH, MO3BOJISIONINE peliaTh OONBIINHCTBO MOCTABICHHBIX
3a/1a4, COCOOHBI OKa3aTh HEOIICHUMYIO TTOMOIIb MTPH pa3padOTKe U CBECTH K MUHHUMYMY OIIMOKH
npoekTupoBiInka. Boamoxxnoctu HoBoil Bepcuun SEMISEL 4.1 nenarot 3Ty nporpammy Haunbosee
YHUBEpPCAJIbHBIM Ha CETOAHSIIHUA JEHb CPEJACTBOM pacyeTa TEIUIOBBIX PEXUMOB U BbIOOpa
KOMITOHEHTOB ISl pEIEHUsI KOHKPETHOM 3a/1au.
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