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(57) Abstract: The present invention addresses the issue of providing: a power semiconductor device, which can be used without a
problem even if heat stress is generated, and which is capable of reducing heat generated by a wire, and is capable of ensuring reliab -
ility of a bonding section even under high-temperature environments, at the time when the current capacity of the power semicon-
ductor device is increased and the power semiconductor device is used under high-temperature environments; a method for manufac -
turing the power semiconductor device; and a bonding wire. In a power semiconductor device (1), a metal electrode (element elec-
trode (3)) and the other metal electrode (connecting electrode (4)), which are on a power semiconductor element (2), are both
wedge-connected by means ot a metal wire (5). The metal wire (5) is an Ag wire or an Ag alloy wire having a diameter larger than
50 um but equal to or smaller than 2 mm, and the element electrode (3) has, on the surface thereot, one or more metal layers or alloy
layers, each of which has a thickness of 50 A or more, said metal layers being composed of a metal selected from among Ni, Cr, Cu,
Pd, V, Ti, Pt, Zn, Ag, Au, W, and Al, and said alloy layers being composed of metals selected from among such metals. Con-
sequently, irrespective of the fact that the Ag wire is used, reliability of a bonding section to the electrode can be ensured, heat gen -
erated by the metal wire can be reduced when a large current is used, and heat resistance at a high temperature is improved.
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AETAVELTERAVWLONTWARL, CuTq ¥ TIFEREILCITMIEL
EBREAKREL, HILARRTOBERICL 2EROBRICRTEREBET S
BEASWDODTHD, 7 1Y, LSIOR—LEYFT1 U JICIEZH
IRTVWaY, N —$BHREBEBTHAY 2 KGR TREBE IR ICHME
ERBIH, ERLEIFIFEAEINTLARL,

BEFE21C1E. AgXRIEFA gBEDHRDNSERINDEMEA uDHH
LERINDIARMTHREBELER Y T4 V774 YHARASINTWS, F5F
XER3ICIE, AgEBTEZEMICPA, Pt. Ni2BJ2HEBEEAETD
ROTAVITTAVHRARINTVWS, LHALWTHhE, REN25umb
HWEA40 umUTOMBEETRELTWS, T, BHEFEXE2ICHEHI
NTWaBEDIC. AIEBBICAGTAYEZRYTaVvTddE AlL,Ag®
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DEIMNHERINTVWED, BERENY RRUOEBEBEIEFEBICE > TEREIN
THBY., R—IWRITAVIRI TRV T4V TER/EETZ2EHEDTIE
AN

BB, FIEFXEL I, FEREBOREBEO—MTHL¥EH(Fv L
DFPNIZVLRFERRORNY T4 - Ny REIZ, /NYT - X&)
BEN LT, ESRXRAAFIVEZRT. ABEDERDLHDERE IR
RORYTA VYT - DA VEEREFLER Y T1 VT - R—ILEERTFEDON
ARINTWS, PILIZOLEROBEERICEDZ NIV FILRA RE
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KR - BEREBOERBFEOATE/L. BRRETOMERICEL TIE.
AlITEERA 66 0CEHEELBVWO TERRETOMEMEA+2TIERL, Fk
Al ZHEEBERNA2. 7TuQ - cmEREFROPTIFREEVERICAY., A
| DA VICKERERLIEEZTDTA VYORBNMEFTERL, BUSHICE
Y, ATDZARNLARAYATL—2a v URBIFET 2RBIDVDH D
o FLEEMIBELERICEEHERWL, ILHICKERZDT, R FTOFERAT
RIS, PV LOHNBRRCEBERFICS D RMIBBEERDEITT
R, MRUEDREERY., T4 VYDBEICOGNSEIEERIINDG
AFERE, NT—FBHRREOERBTEDATEL. FERIETOFEMIC
BRU. BASADRE L TEBELRKERTE, 71 VYEBFORBRLZEBTE
BIZIE200 CULEDOEBRIETCHERAMOBRUZHEERT DI ENTE
N —HEHREZEBERVZDHREFEZLCI/NT —FEHREBEICHVND R Y
TAVIIAV%RBT DI EZBNET B,

RBERRT BI-ODFE

N —HBEREEOEGCAVIEBE7IVYOMBE LTAgERWSZ
ERTENIE, AgDLIEHIZT. 6uQ - cmTH>TAI D2, 7TuQ
-em&YEELS, RERTOFERABICER7M YEEORREERT S
ENTED, FAGIEIMANIB2CTTH-TA | DREEB660CLY %
ENMCES, BRTOMBMEARET LI ENTED, AgIFA | SHEL
TREPBEVWEDICAMNLRAYA L —2a VR EICEBRBVELICCW
o FCUELHBRL T, BHE’ELLIGNEZRINTE S0, BIGAICELD
5y VIREWBIIRNT 2MEEBL TV, £/, CuTq1 vV ERLEL,
AgT7A4 VY THNITERTOEEMES IR PBRVDOTTA VYRV T
4 VT DBERENMNIC L 2BABICH T Z2HRFERBEOTREEAEL,
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TED >, Tl KBOAGTAVYER—IKRY T4V JICE > TEB
WKEGLEDETDE. ARPTREFLIKIROR—ILBFTRTE RN EW
DBEBENDH > T,

FNICH L, RBAESIE, TTFEBCS0AEMUEDON I, Cr, Cu,
Pd, V. Ti, Pt, Zn, Ag, Au, W, Al D£BOVWThH, 175&E
BOERFLIFIINOZ2BULEDADNOSEBRINDIEEDANLBHRI N
PEBZ1EBUE BMYSHRIERTERS LURILREBOEENONELRD &
JICETBHEBERWN., DOIVAVYRYT AV ITILR—IRY T4 VI TlE
BTV IRYTaVT (DxyIEE) 2RAWVWSHZEICEY., €B74
YELTAGRIFAGERTM Y EZRAVWESEETHERE 7M1 VIEGEOE
FAMNERTEDIEEZRE LA,

AFERE, EEMRBICEDVWTRINELDOTHY, TODEEET D&
HEUTDEBY TH B,

(1) RO—$EERFROLEZNAT—HEERTFLOSEBEE (UTFT (%
FEHB WD, ) EUBKRTEBEERTI2-OOEBEE (LT MEH
BBl &WD, ) 2HL. RTEBEEMEBE LSBT/ VICL > THA
EBV Ty IVEKELAENT—FEHREREICEWT, FILEE71 VIFERS
OumB2mmIUTOAgRIFAGgEELTAVTHY., RIRRFEEISO
ABELEDNI, Cr, Cu, Pd, V., Ti, Pt, Zn, Ag. Au,
W, AlD&E (LT THREB:RE] &\, ) OWIhd 1 BROLEX
SHIEHBEERD 2BELULDADNOERINEIEEDADNOLBEHRIND
B (UT IERFEEE] &\Wo, ) OTBULEZBEYSORIKRRTFERS £
VEBHREBEBEDEENDNERDLDICEL. RTFEBMNA | EWRTHIEE
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BHEBEEDRRENA G THIGEICERREBOEBHEER LY FTEICHIEK
HEEBEBINOAgERVWEEBEOWT N 1 BEOEBEXIIRIGKEES
BO2EBALULEOHDOBRINIEEDADNSOBRINDEBBEEED 1
BLULZHYEOAIRRTEBS L CEBREBEOEENONERD LDIC
BT eaR/BET /10— FERRKE,
(2) BIBA g XIFAGEET7A YOREICI0OAEULEDP I, Au, Z
n, Pt. Ni, SnD1REULEXIEINLDEEELLIEINLEEDE
EMXIIBRILMEET D71 VY RERBEE T2 L aed5 LR (1)
ICEEE D/ —HBREE,
(3) AIEEA g XIFA gEET M Y ERTEBRCERER & OB DOEFED
BEREZMALTEREINTSY. BERSOEBXXIET71 vOVWThHD
BEMNGOCUETERINTVWDI I EABHMETSHLER (1) XE (2)
ICEEE D/ —HBREE,
(4) BIRE 74 YRED7M4 YHEEN., 74 VEEBDEREZIT o /1EIC
BRAXEREAE LT/ RNFEBEOMEICLDZI—FT14 v JICLUITD
NTWaZ eaFHET 2 LR (2) ICRBEFHD/NNT —FEFRKE,
(5) BB/ N7 —HBHRRFHS | CHEXREAVERZTTTHDI I L E2RHH
ETBHLERE (1) BE (4) OVWTIDICEHRO/NNT —FBHKE,
(6) FIGEA g XIFAgEERTA VY ERTEBRUERER S DEDER %
BERZFALTITVL, BEREOBBRXIETAVYOVWTADEEZ60T
DEELTERTZIEAFHMET D LR (1) Xk (2) ICRBHED/T—
HEREBOEE S %,
(7) 74V EEBOBHRAET o LBIC, BRAEFERE LI EF/HFE
BOWEICLDZI—T 4 VIS YRIR 7MY RADHEBE AR T 22 &
ERMET LR (2) ICRBEO/NT —HEEREBORES L,
(8) BEERABLOuUmMB2mmUTTHLIIEREHRADA gXIFAgER
RYF4V T4 Y TH>T, RKEIWKPI, Au, Zn, Pt, Ni, Sn
D1FEUEREINLDERELLIFINSRBEORIEMXIEREMEERY



WO 2013/129253 7 PCT/JP2013/054524

[0017]

[0018]

DIVAVHRBEEE T DI EZ/BET IRV T4V T4,

(9) RIB7M4 YHEBOEADN VA VYERD1 /SLUTTHYLDT10A
DETHBIea2FHeTdLEE (8) ICRBEBDORY T4 T 74,
(10) BB 74 YHEBE 71 YEMEDOBICTA YHEBIET 228
EAgDILEBAEAL, RILBEODEHDS50AULETOumUTTHEZ
EEEHETDER (8) XiE (9) IKRBBORY T4V T74 Y,
(11) RyvFTA4v I T4 VORBEREASUE2000UTTHDZ &
TR ETHER (8) BE (10) OVWITNMIEHORY T4 VT T4
Y.

(12) RyFA4VITTAVOBMHEVL 1 5RULTHZZ EEHHET
2L (8) BE (11) OWITINMIEBHRORY T4 T T4,
A [OFYIES

AFB, T —FBHRRTROYENNT—REFRTLOLEER (R
FEB) CUBKRTEBEERITIHOEEEE (BHEE) 2#6L. &
TEREEGEBEZEBT7AVICEI >TRAEE VT v DEGLE/NT—
HFBHRREICBEWT, EBT7AVYHPERSOumB2mmElTOA g XiFA
gEE&7MAVYTHY., RTEBIXRMS5 0ARLULOBEEEELRE (N i,
Cr. Cu, Pd, V. Ti, Pt, Zn, Ag, Au, W, Al) oW\¢
N BEOSEXIFFIGHEBRERED 2L LOANSBHRINEEED
ADOEBRINIETHIEBHERED 1 BULEZBEY SO AIRRRTERS
JUOEBHEEBEBDEENDODNERDLDICETEIZ&ICLY, Agu v %
AWBICEMDDL L TEBE DESHERMEZERTE., RERTOFERAR
WKEB7M VEFORBEZEATE, BRTOMBAMEZRESTHIENTE
%,

BT O & & 75 EA

(BT - BHREBOEISEE NI HBERTH 5,

[H2]&DEY H—REEDREZLZRTRTH 2,

FAZEERRT 27-HDFRE
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[0019]

[0020]

[0021]

[0022]

NRT—¥BHERTFLEOEBER (FTE®R) &LT. AIEE CuEl
NIiEB TiBBEAWAIENTE, HELLIFA I EBIBVLHN
5, UF, FFIIFRFEBELTA | EBERAWVWDIEAICDWTERRAT %,

AN EBY., RFERE LTA | ERZRAVESE. BRSO umiED
ARDAGXRIFAGEETIVEA | EREESTBE. Ag, Al REDE
BELEUIREICENRI N, UZEERLEMIFERICKS M»D2EEEIL
EYMEREFRICRA RBELC D70, BEMEORFLEEIE#ETH >,
ZFRICH UAFKBICEWTE, RTFEBORAICS OAEULOBEESE
(Ni, Cr, Cu, Pd, V., Ti, Pt, Zn, Ag, Au, W, Al
) DWINNM BEOEEXISHIRHEREREZ 2TEBELULDOAD SR

NEEEDHHIOBRINSIEBHEBEED 1 BLAEEZRY §ORIKKRTFER
BLUVERBEEBDERHMONERDLDICETIEBEZRAWL. D74 Y¥
ROTAVTIC Ty OEEERAWVWHIEICEY, €71 VY ELTERSD
OumBOREDAGRIFAGERTAVERWLIGETHEBE 71 Vi
BEOEHEENIERTELIEERE LA,

BRETEBULOEBBEEBEZHMY S IRTFERS L VEBHEEEDEENK
DRERBRDEDICETZ2EHDIEND, EBHEEBARTERDRMAEIC T
BLUEENRT 2ICHY, BEYEIRFEBLWVWILEBHREEZENT 54
BHE2WEIEEDEBHRDITHEETZ2EDTHY, Al ElB. CuZJHE, N
i BR, T iEEOLEIC, Zh®h, Al, Cu, Ni, Ti0EEHKER
ZBRLEEYTDHI LY. AEOREBEEBHD2WVWIEZEDEELDHN HERK
INZEBFEBEBZENRNTENT 5 &IERMN D,

Al EBRREICKEEEEILIIREERREDEREDADLBHINDE
WBIFBEEZTRT DI EICEY., AgTuMYE Ty VBRELERE. 2hb
DOEBIFA | BEREITERY, Al EAJOESEBICERIND RS R E
OREDZVNEBELEMOEKREZNETEIENTES, FLINHDE
BEAgLITHEERESICIY, BHWBREFLBEAMICHEHELZTNT S
ENTES, INHDEBEDOKRANBRILICEYEEGHENBEINDHEICIE
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[0023]

[0024]

[0025]

[0026]

. BERIEDHICKEZP A, Au, AgREDEBERBLRETHEL TS
K ZEERRUTHD, IV, Ti, Cr, NilZA | EREDBEBEMIC
MRAHY, IHICAGEA | EDWBEDNY T ELTEEMICHEET 2,
F7Cu, Pd, Pt, ZnldAgtDiHEAMEZRET HDICIFETH
%, TNODEBEEEBEEND &, MHEAHERBOBEAEHEES
MRS D-DICEMTH D,

T, EBHEBEBOEINS OAULTHNIEL, LEMRERET L&
NTEB, O0AXRBTIE, BEEBBEICRMBAELPTVHSLTHD, L
eht> T, BBOEBHERBLEET 258, TNThOERHEBES %
50ALEET D, EBHEBOEINTO0OAULETHNITLYFELWL
o 200ALILETHNIEISITHEE LU,

EBFEEBBOEIDLRIESumETDEFELYL, S umiBTIE, IR b
BmICRDE BEFGICLY., BEEBOETENEICIEIS DT E522ER
ERDIDOLTHD,

Al BBRICRREDEBRBEZEBNT 2HBEEBEELTAIHIWE
AuDHDPLBRINIERBEBEEZAVDIHZEICIE. Al BRICERA9
HENIAUDHDLERINDIERWEBEZHRITHDTRAL., Al EMR
EAGHDBIWIFAUDHDLERINIEBHEBEEOHEICHEABEE LT,
BEBEBNMOAgRVWENI, Cr, Cu, Pd, V., Ti, Pt, Zn,
Au, W, AlOWDhM BEOSBEXIIHEBEED 2EEULOLE
DHNOBRINDIEEDADNOBUINIEBHEERED 1 BULEEZHY S
DHIRRRTFEBRS L VEBHEEEDEBNANERDIIDICETSHIEET
DEFFLL,

INHHEBICAVIRBIIEEM SN THEET 570, RIER
DRIMIE > TERT 2LEMPRRE B> THEEINSRA NOBE%D
WY DI EMNTREICHD, FIZIE. AITBROLICC rREBE. N i HREE
. RRAICAIHREBEZ CDIEFTHKT 358 (A1 /Cr/Ni /A
gl &ERRT B, ) 2hHlIiCEdE,. Cr#EEEILA | ERKXAEE DTS
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[0027]

[0028]

[0029]

ML 2MREAL, NiHEBEBIILAEHLELTA | & A gDILENFRK
ZBRLEYT2EAZE L. RXREDA gBHEBEIIN | WEBEBOXREAMRILZRLLE
T HMREEABLTWS, ARIC, AL Ti /Pd/Ag. Al/Ni /A
g. Al /TiW/ Ag. AI/NiV/Ag. AIl/NiV/Cu/Ag
Al /Ni/Cu/Ag. Al /Cr/Ni/Cu/Ag. Al Zn/
Pd/Ni / AgiEBmBEREIBN) TEELET22BOHEAEDELEF
BTHD, INHOHREBICAVWONSEDEEIF. RXKEABMNAITHD
BEICRELST., Al EREFRRAETBEOHEDEBE LTAHAWLNBZ &I
FY. AgTAMVEDESDEBRELEDDIDILENTH S,

T/, EBBERBORREICAg, Au, PdERWBZEICLY, Z0
TOHEBOEEDBILAMILETESLEVWOUNREET 5, £, RRED
AgTH->TH., TOTOHFEEICHBEEEN S A g 2RV B I
BEEE2EBULOEBOHD OB INIAEDANLBRI NS EE
WBEEZETHIEILEY, AgEEA | ERICL2EBRILEMFEHR AR
EFTBIENTED, EBHNA | ERUADEBEBDIFEICIE. ESBWE
BxAgBMEL LTHRW,

FERRFOTA VESASBICCUBBERAVS I EIERERNINT
D27, VIvVATAVICAQEERDETDTA VY ERAVDI &
FHHNE LT, FEXRRFOERICCUZAWVWS Z EIIFETHD, AgT
A¥iE, CuTA VICHEYT 2 ERBICESHOF Yy SBEELRRBTE N
CEROA T DA YICHERT B EBEIREWL, LK >T, AgTM4vof
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This International Searching Authority found multiple inventions in this international application, as follows:
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claims.

2. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
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3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
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payment of a protest fee.
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Document 1: JP 2007-123597 A (Nippon Steel Materials Co., Ltd.), 17
May 2007 (17.05.2007), entire text; all drawings (Family: none)

Document 2: JP 51-85669 A (Noge Electric Industries Co., Ltd.), 27
July 1976 (27.07.1976), entire text; all drawings (Family: none)

Document 3: JP 11-243111 A (Noge Electric Industries Co., Ltd.), 07
September 1999 (07.09.1999), entire text; all drawings (Family: none)

Document 4: JP 2000-195892 A (Sumitomo Electric Industries, Ltd.),
14 July 2000 (14.07.2000), entire text; all drawings (Family: none)

The invention of claim 1 and the invention of claim 8 have a common
technical feature of a bonding wire for semiconductor connection, said
bonding wire having a diameter longer than 50 um but equal to or shorter
than 2 mm, and being formed of Ag or an Ag alloy.

However, the above-said technical feature cannot be considered to
be a special technical feature, since the technical feature does not
makeacontributionover thepriorartinthelight of the contentsdisclosed
in the documents 1 and 4 respectively.

Further, there is no other same or corresponding special technical
feature between these inventions.

Accordingly, the following two inventions are involved in claims.

(Invention 1) the inventions of claims 1-7

A power semiconductor device that is provided with the configuration
of the invention of claim 1 is certified as a special technical feature.

(Invention 2) the inventions of claims 8-12

Abondingwire that is providedwith the configuration of the invention
of claim 8 is certified as a special technical feature.
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