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Thesis Summary  (approx.2000 Japanese Characters )

AFmCIX, TSn Hae & GEMEEREOBEMEBICILHIZ T o /E AR ZEE)] S, FBEEORN
R O RIERT ORI Z B E L, Sn EEESNIA A4 & BB RO BAHRSIEHICBI1T 5
JEGRIT R RS 2 B S M2 T B 72012, flix D Sn-X (X =Ni, Cu, Ag, Zn)R &4 & EE M4 8 M(M = Cu,
Ni) D [EAH S IE BT & 2 48 MG OFRTE 5 8) 4 FZERAY ISR L 72 RICHOW Tl ~72 b D
Thy, 2TEIVEREINTND,

%1 TR i, ERROBEMRISIEHICET 2RO L2 BB L, RO B & ERE
LT L, KEmLDOMIZ DOV TR TN D,

%2 % [(Sn-Ni)/Cu R DEAHSIGHTER TIX, Ni DTSR yy 28 0.01~0.03 O Sn-Ni 54 & Cu %
A DRV FA » TR O(Sn-Ni)/Cu/(Sn-Ni)JEH T % 433~473 K ORI Che & 1152 h Z5iRRFF L
o R OFRRIE A B & EBRAICBIEZR LT D, TOMKE, ERROSEAFLEHTIE CusSn, CusSns
F L (Cu,Ni)eSns 7> 5 L DL G EIRANAERR L, LG W EIE D 6 8 2 203 S IR PR F7 R[] O FE 3R L2 B L
THINT 52 &2 R LTS, 20X ) REFEANE, 53 B~ 6 EOBEFERICEVWTHRD LN
%o FT, yn OENKEL 72D EALEWMFIRORKREITEL 725,

%3 % [(Sn—Cu)/Ni RO EARRISHE] TIiX, Cu DEALER ye, A 0.01~0.03 & Sn—Cu A4 & Ni 7
B i % (Sn—Cu)/Ni/(Sn—Cu) Lkt & 453~473 K O IR The R 1972 h %R AR EF U 72 B O KRR A 25 8 %
FERIOICBIZE L T D, ZORSE, EiLOSIRARHLIECE T NisSny & (Cu,Ni)sSns 2> 5 ik 5 (LA P66
SRR U, RREEER, RORIEECE X ORE SO T 5 MRE LZRABEER CRET 2 L 2H G
MIZLTWD, F72, yo PEPNRKEL 2D {LEMTEIROREITHLS 725,

%5 4 % [(Sn-Ag)/Cu R DEMSUSTLEL] TiX, Ag DEILIIER yu, A 0.011~0.033 O Sn-Ag &4 & Cu
% FHA 72 (Sn-Ag)/Cu/(Sn—Ag) PG % 433~473 K OIREIL TH R 2016 h ZEiRAEEE L 72 RO M T
RFEE 2 ERAICHBZ L TS, TORE, RS EARHEEOTIZIE CusSn & CugSns 28 @RI AR
THZEERBLTWS, 22T, CusSn & CueSns IZ1E Ag 1354 EEEYT, ZALEMORREHE X
Vag DIEIZITIEAF L2,

% 5 % [(Sn—Ag)/Ni % O B SGIETL ) T, 5 4 =D Sn-Ag A4 & Ni 7> 5K 5 (Sn—-Ag)/Ni/(Sn-Ag)
JEHOR & 453~473 K OIR L CRR 3169 h FRREF L 72 BROMBIE A B 2 ERAICBIZ L T\ 5,
ZORER, LFROSIERFRFLENTIT NisSny 23 EIRICER U, REHLE, R IEES X OV E BOG O
FEPMRE LICREAGHEEMNTHRET 22 LE2HONIL TN D, E2, ya DENKE 8% & NisSny
DR EITIHEL 725,

% 6 % [(Sn—-Zn)/Ni A D BEFHISIEE TiX, Zn OF /AN 0.152 (9 mass%)D Sn-Zn LA 4 &
Ni % #4172 (Sn-Zn)/Ni/(Sn-Zn)HE %t & 443~463 K ORI Thie e 2088 h 25 iR IRFF L 72 BR O fH%
TR B 2 BRIICBIER LT D, TOMEE, ELOSEBREHRECT IR O Ni-Zn R 6Py
AR L, FEBOS ERBEIEBIC KB SN TRET 222 /AL TWS, £/, R—IREICBIT Sy
D% FIE NisSny £ 0 HIEV,

WTE (R TIE, B1IE~FCEOELDEIT, K LEHRiEL TS,

PLED X 90T, RamsolE, BRI TREZ VT, fa O Sn A4 L EEMS R O B R GHE
BUC BT HRRIE R S E 2 ERIICRET 2 2 LIk Y, EEMEOEVE RO FERINOMLIC
B BRI R AR L T D,

5« BSCEE 1, AT 2000 5 & 230300 8% 1B O8HT 27 b L <1323 800 7% 1 #ifeth LTS &Ew,
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Various Sn-base alloys are used as Pb-free solders in the electronics industry. They are
Sn-Ni alloys, Sn—Cu alloys, Sn—Ag alloys, Sn—Zn alloys, etc. On the other hand, owing to
high electrical conductivity, Cu-base alloys are widely utilized as conductor materials.
When the Cu-base conductor is interconnected with the Sn-base solder, CugSns and CuzSn are
formed at the interconnection due to reactive diffusion between the conductor and the solder
during soldering and then gradually grow during energization heating at solid-state
temperatures.  Since the Cu-Sn compounds are brittle and possess high electrical
resistivities, their growth deteriorates the mechanical and electrical properties of the
interconnection. To inhibit the formation of the compounds, the Cu-base conductor is
usually plated with a Ni layer. However, Ni is not sufficiently corrosion resistant. Hence,
the Ni layer is plated with a Au or Pd layer to improve corrosion resistance. For the
multilayer Au/Ni/Cu conductor with a thin Au layer, the Au layer quickly dissolves into a
molten Sn-base solder during soldering, and then the Ni layer is contacted with the solder.
As a consequence, the Ni layer is directly reacted with the solder during solid-state
energization heating. In order to examine the growth behavior of compounds by the
solid-state energization heating, kinetics of the solid-state reactive diffusion between various
Sn-X alloys (X = Ni, Cu, Ag, Zn) and conductor metal M (M = Cu, Ni) was experimentally
observed using sandwich (Sn-X)/M/(Sn-X) diffusion couples. The diffusion couples were
prepared by a diffusion bonding technique, and then isothermally annealed in an oil bath at
temperatures of 433-473 K for various times. The microstructure of the annealed diffusion
couple was observed by differential interference contrast optical microscopy, and the
chemical composition of each phase was measured by electron probe microanalysis. The
observation indicates that the addition of Cu, Ag or Zn into Sn accelerates the compound
growth for the reactive diffusion between the Sn-X alloy and Ni. Such an acceleration
effect of the alloying element was recognized also for the reactive diffusion between the
Sn-Ni alloy and Cu. In contrast, the addition of Ag into Sn hardly affects the compound
growth for the reactive diffusion between the Sn—Ag alloy and Cu. These experimental
results provide essentially important information on evaluation of reliability for electronic
equipments.
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