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WU —FVa—NEINnA 7Yy FHBH, EXH B, REFEmE B H2R & O RS
HICHHE S, BOEROEEEZH S TND, NU—EY 2 —/UTAS v F 7 # L L
TR R T AN ARFES N TR Y, BUED BT Y 2 Si)y 7 —8KkTH 5,
Si XU —E Y 2 — LOBE EBRIBEIL, Si 7 /31 ALELEM B OMEGREE ) B9 150 °C (2
REIN, ZORELBRR2NE I IZHE A ARLEY 2 — /UEERKRFF SN TN D, £D
E 97, EAE, VU a8 RESIC)/NT — 3R T S A 2 O #fiGE F 23 B fF ST
W5, TA KAV R¥p oy PEERTH D SIC 1T, Si LY beaEIcEh, T —F V2 —
VO RAL, EEEEE, SIREENTTREL 725, T T mIRBIIENSATHE & 22, £ 1
P A ZO/NNULIZ L DR A MES®, BV 2— VInHAIROMFEILE V-T2 2T v A E
NoH, LNLZRNG, SIC OmEiREIEAL FEEIC T 2 mINEV Y —F 2 2 — /L O FEBIZ Tk~
IRRILEANRE A M O, £ 118, #BEMPEILMIE & W o 72 EALRPE B & o @it A
VB D, BOEOBIE T, miEEEaH & UCIdbent Ag #2046, miEEr kb & LT
IFA I FROT T A ~—, TV FBIEDFHTHIfF STV D, H 212, 2D OEMNEGE
MG, Bk SNIZE Y 2 — L OHEE, BIEE I ORTOBEFII N T, MEE
TEAPEZ IR L7 T iE7e B 7ew, @it bf & U CHIRHME O @V O BERE Ag 8264413, Ni/Au
TT v a0 R Ag o TITHEA RN, FEMEOBAND, W Ag o & 3L
SND, LR, Ag Do X TESBOT-OE LG & OBEEMENPELY, —7,
Ni/Au 7 7 v ¥ 2 8- [T FHLO Ni (2 &0 B A& TR LS WS, Ag BERSHE AT DIE 1
PERECRICRRE S B D, T700 b, @IMEVEREMELE U THIRF S LD BER Ag B0 0A I R
FRE CEESNIZE Y 2 — T, BFO BB - & T, Ag BEREEG OB AEHEME
LEILRIG & OFEEMEZFRFICHER TERNE WS RIER D D,

KL TIL, BERE Ag #OHM & OBAEENME L H LG & OBEROMLZHHFTE D

Co-W-P > X HEiaizestg b Lz, & 1 ICRHIR 0> X |06 A L=, Co-W-P
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1.1 REXSHEIIEBHINDI AT —EV 22—V

HIER B COL JEEEIT, 1800 AELARE L5 LiseiT T 0, COr PR AR L7\ &y 5 iR
FEZ=— X0 D (Figure 1.1) [1], ZOtE=—X L2 5728, BEIHEERITEOKRFER
EORMNEBET RN X —~DlEE BI5 L, N1 7V v FHBEMHY), BXEHBHHEEV), R

BLeE M B BL(FCV) 72 & OBRBEXHE#E A B LT [1],

380
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360k &
commercial \4'
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Figure 1.1  Atmospheric CO2 concentration [1]

Bl 21X, b3 & BEE IR EYERRICEN D HV OBRS &5 I8, @it LR %
FHLTWD [2,3], 2D HV IZEHSND haZ A7 v RUAT A(THS)TIE, =¥
VbV —F— LB DR A TR SR o TR, SHITE—
H—bt VxR —H—Lt Ry T =3 U—ar tr—Laxz=y hPCUIZL>TEXM
(2272 5 T4 (Figure 1.2) [2, 4], % OHEREDO T T, PCU IZE—X ¥ = % L—% —(MG)H
\ZEE 2 R EBINERT D4 =i l, Ny T UV —EEZFIET a0 —Z %
BEZHSTWD [5], 2D XK RBENEHROEE % > TW\5 PCU IE, HV IZR 5T, BV,

FCV IZBWTH ML TEE L SN D EBREXNEO ML & 7o T s,



Power control unit

Boost convetter
L -

Engine
Power split
device
Mechanical power path
Hybrid Electrical power path
transmission

Figure 1.2 Toyota Hybrid System [1, 4]

Z D PCU DL DIEL Z, RO TV T RMEHENTND PCU ZFlIcE LDl bz
Figure 1.3 12779, Figure 1.3 725, PCU OHEALIZ, KD/ NEL, 0% O E, ZhEDm
FWREDR E)Th o722 &G ATIL S, Hi Tk, IWM(In-Wheel Motor)D = > & 7 ~MZ
REZND XL, FA—NVAICE—F = = F ETHRTE DO/ - S H
EOBEMBEFEIHHFI TS [6],

25

1t Prius 2" Prius
s Power module in 3“’7Prius PCU
20 r -
JCO08 28[km/L]
'j | ]
= JCo8 29.6[km/L] .
8 15 | 3" Pr|
o
S | ]
£
S0 JC08 32.6[km/L]
> = ) Power module in 4" Prius PCU
4th Prius
JCO08 40.8[km/L] )
0 1 1 1 1 1
0.5 1 15 2 25 3 35

Output density ratio of PCU

Figure 1.3 History of PCU development in Prius [1, 2, 3, 4]
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UEnXoic

L0 /A

[Pk i

, BEhE R A — B —&4h1E, R HV, EV, FCV O F 72 5 K D=6

B, L TIKa R 72 PCU OB A D TS, Z0O PCUW

VAR S AL, REFRD AL v T THEREEZRIZ L TCWDDORNNT—FE T 2— /L ThD [5],

PCU D=—RXZ R T 5720, XNU—F 2—)Lt, B H/N .

Kax MezRDLNTWS [5,7].

INT—F Y a—/UTEIZ, DHKE

s AL, @Rk,

et L, IEDD %20 IRT AL »F 2 ZHEEE, 2) KEN

BT BRI T DR BT D HERE, 3) BRI 2 AN Dtk 3 o H%6E, ZH LT\ 5D

[7]e /XU —F Y 2 — VT2 REENTFET D08,

FZ A mEm AR & mmEm AR 2 fE

B EIN D, BT 2 A 55 3 RO Prius (T S A HEGHILO T —F Y

2= VORHRIE, AA v TF U TR THD Si U —ERKT A ZOEEPIATEM %I

LTCut— k7 &HDTE Active Metal brazed Copper ZEA (LA T, AMB JEHO)IZHES S,

R E(GEF TS OHRGHEN S D HE & 72 > T 5 (Figure 1.4) [3].

2nd Prius

3rd Prius

Package type

Case type @
B LPE ST

E B lfl‘in.'u

Case type

Bonding technology | Wire Ribbon
on device electrode
Encapsulation Gel Gel

Cooling structure

Single side with grease

Solder  |GBT/ Diode

T

Insulating
Substrate
Solder
Heat Sink

(Cooper alloy)/

Grease
Cooling Plate (Al)

Single side with metallic bonding
(Direct Cooling Structure)

Solder IGBT/ Diode

Punched
. Plate
Insulatin:
Substrate

Cooling Plate (Al)

Figure 1.4  Single-sided cooling power modules in the 2" and 3" Prius [3]




F 72, Figure 1.4 205, 3 AL, F2 RO LT —FVa— L L ALBEIZE D
PG BN ) — R NS DL, NUF U T AZNMANEN LIZA [Tk~ T
EAEMAMEECL T, EmiE) L322 LT, WUAmGHMEE THMAMELZ R ESET
Wb Z ENFAIIND, &4 RO 7Y 7 RIZ1F, Figure 1.5 12789 & 512, mmmmAIRL o~
T —F Y a— R RA SN TS [8,9], Figure 1.5 (27580, XU —B— R EMEEN S
BRI D /ST —F Y 20—/ L HERR AR SIN 23, FEE Al MEIZEN THEN U — A& LT

ENTCRHEMAIE L 2> T D,

PCU (Power Control Unit)
- Power modules

Insulating
substrate for motor (U, V, W)
for generator (U, V, W)

Thermal for boost

Cold plate

Auxiliary Battery Transaxle

Power

Heat spreader o terminal P Upper arm
(on both sides = N
Mold resin Z < A >
e, ; o 2 O
Lower arm . o—]
Upper arm Lower arm
Signal N
terminal

Figure 1.5 Double-sided cooling power module in the 4™ Prius [8, 9]

N —J1— RO RDOFHARIL, Figure 1.6b (I~ 9 X 918, KEE AL vF L 7T 573U
—HEAFEFO L FEMANIC Cu b — h U7 ZRE L, TNODIIATEMIC I > THEASH
TG L o TWDEZ ETHD [5,7,10, 11, OFV, KEROBEITREEE & 2D HEEEE D

W HFDRFETFO LT HFIIATEEEME Cu e — F o 72X o Tk S, TR b iR



F UM CHEfREN L L7eME L o> TV D, 2O X O Rl MBI O /T —F Y 2 — Lk
WEIZTHZ LR, HEREETIIRETFO THNG DHDIIENT B - 72 DTk L (Figure
1.6a), BT OEEN DB TED L HICRY, Y 2 — /VEWHKH O KIE 2 KB ATHE & 72
% (Figure 1.6b), & D72, 5 4 D PCU OWREHHIZE 3 ALV & 30 %L, ki ETX
TWb, £, Ry T4 v ITRIBER W r— 24 A4 7EY 2— 5, E—/L K% H
W TV RT 7 ==V REATDFEY 2—/WHEEIZT 5 Z & T, PCU DR B 33 %
ML TETWD [8], 2D KL 912 PCU OHmAGN#N &/ kA BT 572 0121%, 5

HANY =TV 2 — /LD H g DAREES UL &NV B L 72 D,

@ (b)

Case module Power card

Heat
spreader

- -

1
I
I
: Ceramic
Crosssection  Power chip I Power chip  insulator
I
1
l— 2 / Base plate : & =y = Epoxy resin
— N1/ | — === poxy
Heat
spreader
Single-sided cooling module Double-sided cooling module

Figure 1.6  Cross section view of double-sided cooling power module [10, 11]

P4

T, NV 2= VORERHITOWTIHERS, BiRO®@Y, XU —F T 2 —/LDE

b

IR, DRERAZWE L, IEODZ#0 IR AL v F o 7 HERE, 2) KB 2 i § BRI AT

5B NS DRERE, 3)EIARIE 2 AN Dt o 8RE, © 3 D TH D, KEILDAA



FUTEITHI NI —F Y 2 — VOBRITIIRE RBERE LD DY, ZOBITEY 2 — Uik
CERT 2E Y2 — VBB L, MAROBMBERI L VW ol 2 DONRT A—ZITKFL
THEE~EDN END [7,11], OFD, NU—F Y a— VO KR ERSNE TV 2
— IV OBRHUE & MR OBMRERBIC L > TR TEORKY ¥ v 7 v a VIREWCLT, &
RTHWBFRETE S, BIETRD Si AT —F 2 2—/L T, Si T35 ARHEAH, HIEH O
MNEELE 20 5 FFR Tj 13 150 °C IZRRE SN TV AHEEN L, ZD®), SiNU—FV 2 —
VT, BRA T Y 2 — VENEZARE LTC RO R KR T) BSikGH SNICIFA T 8B 2 2 X 9,
BV 2 VEMEPL L AR OBMRERBARGI LTV D (7, 12], E Y 2 — VBT A R
L0, FFTA X2 RELTD, Y 2—/LOBERIE 2 0T, BRI D
MOBMRERZ A ESE R EOFENE LD, ERABROMMRERE I ESE 5
72D, BAERENEE X2 L O WMAGNDO 7 4 VIR ZS BT 5 FiENRE NS [11],
WITANT —F Y 2 — LOFFEMERFHIOW TR RS, T —F Y 2 — /LITHRIZIRRE D
B DEMB IR SNTZHER L o TWD T, Y 2 — LEIERFOREIC L - T
k& 7RG T CRRIEZIRIREGE IR CTe BRI 338 42T 5, 2 D728, NTU—F Y 2 — /L ORE
AT 57201201, BV 2 — A EENORTOEMH 2 WIZREICB W T, BET DG
NUEOREZFEIEL, 7T v 7R R - SHRWZ ENREETH S, 150°C MO Si
NU—F T 2 — /LTI, &K Tj=150 °C Z48E L728i{EBR CTdh 5 30 °C~150 °C D/XT —
A 7 VERERS, -40 °C~150 °C DIRES A 7 VRAEBRIZHE N T, BV 2 —/UEENORTO
MDD WEIFRIE T 7 7 RFHBENE Z 520K D18, ITATEME—/L FHMOEE,

FEERGRE N2 STV % [10],
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1.2 SiC RN —YeEKT /XA A
SiC X GaN D L D 72T A RNV RF v v PHEEKIT, Si 8D SENTEDNE: D&
W EERRSREE, 2K\ A L, 3O A A v T TEME, HEWEMEREE, 2 H 35720,

K% 722458 C 2 OIS B HIRE & 40T B (Figure 1.7) [1, 13, 14, 15, 16, 17, 18, 19],

Multiple numbers: SiC/Si
P Low loss: x 100 Inverterfor-HV

High voltage: x 10

ke Breakdown
~ electric field (V/icm)

Substrate for blue LED

and blue laser Radiation: x 3
Energy gap (eV) & Thermal conductivity
(W/em °C)

High temperature: x 3
Endurable for radioactivity: x 3

- High temperature

sensor for car
Melting point (°C)

| Saturation electron
for car communication velocity (x 107 cm/s)

High frequency: x 10

Figure 1.7 Features and applications of SiC semiconductors [1, 13]

HEjHERICBO TS, BAED HY, EV O PCU O E 722 APEREA E2NA[REZR 728, SiC T3
A AOHEHGE AN WS T\ D [13,20,21], Bl 21E, @ElED SIiIC T34 A%, Si T
NA ALY HEERFOBXEINKLS, HITAA v F U ZEERROENHERL BIERWZ,
SiIC T3 A& WA v R—F TIL, VAT LAOBIRELEOKE, +72b BERRE(L /W
RFC&E D, EBIZ,PCUNDANT =) — DT/, A% Siinh SICICERT 5 &, FEaER
ICBWTHK S%DORIRE R AL CTE 2 N ha X HBHELORESNTND [22], S

512, SiC IE Si & I1diE > T 200 °C LLEDOEIREEL FRETH D [23], TD L D 72T /34 A
11



THERT) ZRKFTTELZ 0D, FTOEBMELEEZ BIF 52 LN TE, SiC FEFHfE
DAL, DF VITE=a R MERFTRBIZ A D, £ K T) M < Kb CE L, £ D5 0E 7R
MABENC RN TE D720, ERHBAREHER LR\ o ¥ U REROEEHARLZE M &
STEWEI AT L OfEF#EL b W CX % (Figure 1.8) [6,13], 2V, A > \—X L AT A4
RO/ BERAENHFTE D, 2O Vo e]IFHEN D, SiIC NY—F ¥ a— /L Ol

TN ETICEL S OUFZERBEITHIFES LTV % [24, 25, 26, 27],

Si inverter SiC inverter

l'(I)‘bgmo tat

Cooling systen

65°CCooling System 110°CCooling System

Figure 1.8 Application example of SiC semiconductors to cooling system [13]
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1.3 SiC U —%E ¥ o — LEHBYL D&

SiC /XU —F Y 2 — /VOREMBYLITIZRTR D X 972 A U v " 38 5 —TJ7, Bz 2 RAEE,
FREMEOREEZ LD [28,29], Bl Z1E, &K Tj =250 °C Z48E L7=H4, 30 °C~250 °C DX
U —H A 7 VGREBRR, -40 °C~250 °C DIREY A 7 VFRBRICIH W T, Y 2 — /UEEN D4
TOEM & D WIERE TSRS TE D X912, BedM, T—/v N, Bk, A X714 X
DIEE, WERFIDUNETHD [30], 2O DEIELMIZY 7 v 7 LFIPENFEL RN E D
2T B0, ZOHFNCHEAET LRUST LY b, ZOLFTOMER+/3Cmn 2 &2
METH DN, — KBNS, MEIOREITSIRICRDIZEERTT 5, B2, ITAEEEMO
BRIEDIEEE T D 0.2 %I (BB B AT Y, BERE L RHICHONTRTT 5
(Figure 1.9)[10], 1ZATZHEAM DAL, $87 U —T250°C LLEDO@E WS &2 A9 5 5EHT

ROND720, malalbd2 2 AR RE2HETH D 31,

40

30 F

20 -

10

0.2% yield point (MPa)

0 1
-50 0 o0 100 150
Temperature (°C)

Figure 1.9 Yield point of several solders as a function of temperature [10]

F72, /b FEHIE OB O FRARITER R ME = RV ¥ — R IR(Gie) TH B D S LD 73,

TARFIRE—IN REIED Gie bRFRIIEENE L 2 DI 200 TR T L, RFIZ 150 °C LIk
13



THE TN N 5 (Figure 1.10)[32], S 512, MR TOMEMREN RO 5N 57215 TR, &
T H ML D AL OB RS 1T K o TRPRHREE 2V T L7V i IR A & o 7 et
b RIMEAGEEM RN IR B s, BIAIE, @EEEAEM & U CH R B Ag BAMICE
DT, BB A & T A AORUTHK - T, miiAE ISR RIEICZS b L, SRR

T 5 &V o T2 EIRIMHAMED BRE D #s ST % (Figure 1.11) [33],

1.2 1.5
(a) (b)

e clay with Clay w1t
— -0-0
o 0.8 -1 N-""‘- 1.0 F ﬁ ':
E &3 E —A- 3
o osf 6 2 -5

o o

QD 0af ¢y ost

02}

0.0 M M i M 00 . . -

0 50 100 150 200 250 0 50 100 150 200 250
Temperature (°C}) Temperature (°C)

Figure 1.10  Fracture toughness (Gic) of EMC-clay nanocomposites as a function of temperature
and content of a layered silicate (C30B); (a) o-cresol novolac type epoxy resin (EOCN-70) and (b)
biphenyl type epoxy resin (YX-4000H) [32]

o 3 Au/NiP

Sintered Ag

3 AuNIP
] Cu lead-frame

20kV X600  20pm

Figure 1.11 Cross-sectional SEM images of pure sintered Ag. (a) As-sintered and (b) after 250 °C,
500h [33]
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Z LTRABIC, MEEEMRFOBETE ZIE, BEY A 27 VISR AET HROT H O
DIRLT, MBHIYA 7 VT L, BRAERNTHEE T 5, ITATEEEGHM OIREY A 7 1 Fm e
BOTHOBIR % Figure 1.12 [10IR" T2, BAOT AN KREL R DIF L, BEYA 7 VE
MR TN T D BN D, ZOBMOT AL, REESADICEF L TRE L 25720, AT
NEVRELRDEMENEY 2 — Ny —UIZBWTE, IREY A 7 NV FHan OfElRIE X
D —JE#E L < 725 [34,35,36), DF VY, @ik TOMBHREE & BPEHRAMEORELR 72T T2 <,

RE722 AT ([ZBWTH B 2R TX 5 &9 2t iEakat b BEREEMREE L 72 5,

-
o

= === 5Sn-Ni

Ll Ll I
100 1000
Thermal Cycle Fatigue Life (arb.u:20% Crack Ratio)

Equivalent inelastic Strain Range(arb.u)

o
-

Figure 1.12  Fatigue curve of several solders [10]

BAEDFRSLTIE, N —H— KD Cu b — 7% AMB EfRUICESH X 52 LT, #
BHHOMBRREGEZ /NS L, BETL2ROTHEEBT L2 LT, #5007 T v 7
R AR S 7o mEw b H 5 [37,38, 39,

LLED X 91T, SiC &Y a— /L& EMELT 5 720120%, FEMEE & % mitE b3 5 &
RIS, EMEWIE TR SN-E Y 2 — LV OHATE, BIIEE LM, 4 5, BiiEH 4R
DTN TOHATIZB W THEE LR T2 Z ENRETH 5,
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1.4 EiNEGESEIN OBRE

1.4.1 EHEEEH OB

BEHDN D & % Pb-5Sn <X° Pb-10Sn (mass%) & Vo 7= @i i A 7241, £ 310°C, 305°C
LW o TemWELRZA L, BN TERANE, EME, ARV MR B oS EEM e &
DR ZFFOTD, THE ThRAx 2B TR S TE 2 [40, 41, LL2RRG, &
AT DT K D BB NME~O MO )RR S, RoHS BN & o TETATEM O
MITHRHE SN TG [42], D070, $hzd R WESRIZA M ORI Th T b,
O & LCIE, 1) EEMHEM, 2) Sb RIZATEM 3) Au RIZATEM, 4)Zn RITATEHM,
5) WAL EC RO, O)BERE & REEAH, T2 E 3T B D (Figure 1.13) [30, 31, 43, 44], 1

S OMELOEEZ DWW TR 5,

Pb98-Sn1.2-Ga0 8

Pbo1-Snd-Ag4-Inl
Pb-Sb1.5

El Pb-5b2 Aul00
g 75Pb-25Tn Pb-InS
i Pb92.5-In5-Ag2 5 i

- Pb92.86-In4.76-Ag238 Au-251
= E Sn-Ag3.1-In10 Pb-Sn105 Au-Nilg
g E Sn-Ag3-Cu0 5-In10 100Pb
23 Sn-Agd 4B § Pb-25A8
ER Sn-Ag3 5-Cud 9 Sn-Ags-Sbl0  SnPb98  Au-3.248i
3 z Sn-Ag3 8-Cu0.7 Pb-Sn5-Ag2 5 Au thermo-compression bonding

0 Sn-Ag3 9-Cul 6 e
,%; *g Sn-Agd-Cu0 5 Pb-Su2 Alg;lz)-SSnS Sn-(1-4)-Cu Au thick film paste
85 Sn-Ag3-Cu05  Sn-Pb70 Sn-Pb80 70 (4. 6)AI(.Ga, Ge. Mz, Cu) ;
g Sn-Pb6S Pb-In5-AgS ALsill7
=8 Sa-Pb15-Te0.5-P0.1 Pb-Snl0 Zn-(10-30)-Sn . :
é Sn-3.3Ag-2Cu Pb-Snl-Agl 5 Silver-Indium

Sn-Cu0.7 PbInl9  Bib-Agll-GedS Sintered nano-Silver
& S Bi-2.5Ag-02Cu AusS-Gel2 55Ge45A1 Ao
1 Pb-Sn10-Ag2 Sn-25Ag-105b Au-Inig
Lk AuB0-S120  Pb-Sn3-In2-Ag2
Pb90-AgS-SnS

Low range (200-300 °C Medmum range (300-400 °C

Figure 1.13  Various die attach materials with their operating temperature range [44]

1) EEMEEEM: —AIZIE Ag B olBEEERITHH Z L 3% <, LED OX A 74 v F
BT ICE ARG S 5, 225 °C LLEDOME %2 B L, HEBEEM O T AEBILE (Tg)
EE < THRBEMTb T\, @SiRMHAF OGBS OGO ENH D Z &,

TATEM & AN TEMRERPMENZ L RETH 5 [45],
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2)

3)

4)

5)

Sb RITATEH: Sn-Sb RITA ML, LA AR T2 WEERIZATEM T, T DR
X ShImEE & HizE< 72 %, Sn-5Sb, Sn-10Sb Ol sLIEZ L EFUfI 240 °C, 250 °C F2 %
ThY, 77 V—IZATEM O TIXEA S OELS A2 6T 5, BMAEETH 48W/m - K
THY, R ATZHMPb-5Sn)D 23 W/m + K L0 LN TWS [46, 47], £ ha—F4ET
7 U —miRIT AT ICEI%E S 7- Sn-25Ag-10Sb(J-alloy)iE, @AY 365 °C & @V As,
1 < WEVWVEERRIE & 72 > TNV D Z E BT H D [48, 49],

Au SR IFXATER: Au-Sn RIZA TS [50, 517, Au-Ge RITA7E [52, 53], Au-Si RITATE [54],
Au-In SRITATE [SSIE%E4 L, R ARABITIATM TH D, TN OMEIORELSIL, Au-
20Sn T 280 °C, Au-12Ge T 356 °C, Au-3Si T 363 °C, Au-In T 521 °C TH Y, $~7 VU —iX
AT ORI TIEEmWE R Z AT 5, BUniERE £ £1,57.3W/m - K, 444 W/m+ K, 27.2
Wm -+ K,57.3W/m + K EERITATEHM I D b EATW D, @IRKES &2 WITIREY A 7
IV OFAMEEE L ZE L TRV, WL bEL TV D [30,52,53], LxL7ens,
AuRIZATEMIZ Av 2L EBIZEA T 28l CH Y, IWATEIZZ L2 & 2FRET
H5,

Zn RIXATER T SRR Zn-6A1 @D Zn-Al SRIZA 2RI @S A 382 °C L @<, =2 A b
HE <R, LLans, IZATBAERENZ & &) S TRWEETH L BN
FTNEWVS TN B D [56], FDHDOIET, M S IXS#E S TETNDH 0,
REEY A 7 VA B L AITIHRRTE <, MESLT 25BN FE->TW\WD [57,58], £/, 1F
IE 100%DHf Zn Z1ZATEE L THWD HIEBRESN TN D, Ml Zn (ZATZHEETBIE-50
~300 °C Djgk LWMREEY A 7 VERBRICTH 2152 1% S I EEEn Em <, M2 b
LIS, XA O 7 a ZIRFEDS 450 °C L@V EERETH D [49, 59, 60, 617,
AR P (Transient Liquid Phase)#45#4 (LA T, TLP #2544): TLP #25 ORHSIX, TR &
72 % In(fl:156 °C)=° Sn(fil R 232 °C)D X 9 72Kl R B 2% Cu, Au, Ag, Ni D L 9 725

MRS RE THRENTMELZ L > TWD, THRIGBEOMA LY bEWRETIIALY 7
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6)

n—3% 2 & T, KARAESET, SRaeEEAIE L, SRELEMERT 5,
AL TLP #2682 B S e @ B ORA £ 720, SRl b2s FTRE & 72 5, TLP £2
A1F, Cw/Sn F [62, 63], Ag/Sn & [64], Ni/Sn & [65], Cu/In & [66, 67], Au/In & [68] &\
ST kkx IR TR S 22 STV A8, FRCa A b, FEEOBLLTHIf ST
HDOMN Cu/Sn 2 TH D [69], FITTIL, Cu/Sn /X X —I2 X% TLP BEfE TREBIRE S
T3 [70,71,72]), 245 @ TLP #46 OffEIE, TLP LR TR S L5 e & @ik s
WIOGFETH Do EHNTTERL S N2 IR U A OFEMRFIE 2 Sk U 72 £ ¥ 2 — LA
WwEkEE, ERRSENER LK ) A TREESLETH S,

Bt & BEEAH: &R T R OBEREEA X, Ag D WL Cu LW Te&@mae T/ A
—/VE TR LT 5 2 & ThRMMEZ m D, @EMEFaRLiisE 2 2 &7 <, IRET
BEfE S, AROBBO b OEBAOESE LR ST HETH D, —KIZIE, 7
JRLF O BERSHEA RS 300 °C LUT OIRLEE TRERHEG TE, £ 0%, @R 900°C PALE &
25720, WIEBEAM & LTHIfESRTWD [73], 25 OREESBEATEIL, 1k
DITAIEMIZ AR TERISER, BYRERBK 5 HFEATND D, N —ETV a2 —)L
ZRIBICEBREUL CTE 2HAM TH D [74], TNETIZE L OMEI A —h —, T
FCTHIIERRR S TR Y, MEEEMEOBEICK L Thikx BN H 5 [75, 76],
BERE Ag BEAMICBIL T, BEICZ L OMBI A= —h oS Ty, BEmias
FET O ABIMEIN, HEA D —IC L D&M HHEATND [77, 78], D=0,
Bef Ag HBEEMITHIMA A o N—ZICBRCHEH SN TV D EE L H D [19]. £7o, BERE
Ag FEAMIIRR T CREMEE TE DLWV ) TRETOA Y v FHA LTS [80, 81],
BERE Ag BeM ORI, 2 A P TH DN, Fali TIE, KV IK= R MEpdade/s Ag v A
7 R OBERSEEA M BB ST 5 [82, 83, 84], HEfS Cu AL, Fiklo4:
BAEIO 2 2 RAY Ag K0 B 100 BN EnD, BRHEa A MR CTE 544

Bt CoH 25 [85, 86, 87], Wik Cu#2AM OFEIL, Cu bl +-NIEFICERL SN\, B
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FEROSARTEYE L 2 B 7oK D ITHIET 5 Z & Th b, FilZIX, Beks LREO RSO
Cu X—RA NOEEMZRETHICT 2 2 & T, B MEZ R L TV DR E B3 2
VY [88, 89, 90,91, 92,

LLED X 912, mmfEuEE M OB 2B L Ciddkx @RS H 0, S EHZ B
T, BUEBMIERE N ED DTS, AFRICEN T, RbZ OMEY 77 17—
THIFERRZE, HDOWTHIRESN TR, M E L TORIRED IRV R &, BEICHHE A >
N=Z A S URD TV DEBMEDOERLZBRE L, Ptk Ag BEM 75 L

L 7=(Table 1.1) [75, 771,

Table 1.1 Commercial entities from the semiconductor industry involved in the use of sintered Ag

technology for die-attach or substrate-attach materials [75]

Sintered Ag paste Semiconductor

suppliers Equipment suppliers companies End users

1. Alent “Alpha”® Die-attach 1. Danfoss Silicon®” 1. Ford Motor!'*?
2. Applied Nanoparticle 1. Datacon (BESD™ 2. Hitachi'” 2. Magneti Marelli'?”
Laboratory Inc.!"” 2. Finetech Electronic!”?! 3. Infineon Technologies®® 3. Nissan Motor!'?!
3. Dowa Electronics!'*® Press (previously known as Siemens AG) 4. Robert Bosch®*1%?
4. Henkel 1% 1. Boschman Technologies'?? 4. Luminus Devices’

5. Heraeus 2110-112 2. Fico' 5. ON Semiconductor'®

6. Namics'!? 3. Locatelli'®® 5 6. Semikron Elektronik® )

7. NBE Technolo§ies“2'IH 4. Schmidt Technology”® 7. Shindengen Electric Manufacturing

8. Nihon Handa® 5. TOX Pressotechnik'*®

9. Nihon Superior!'®

10. Senju Metal*'®
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142 BEfE Ag #2684

BERE Ag BEGM 1T 1987 FEE N GIFE SR, T ORERILH WV, Bl Ag BEEMITIE, &
FREOEESCLUS 2B To DI, —MANSHEM N D 72 2 R ERER THIE S iz Aghir
(Figure 1.14a) [93] &2 A DS B2 — 2 PRO B D, HHWVIBREETRIA 7 4
JWLRIC LI DD D, ZiLH DORERE Ag B2EMIZ, MNEY, S HITITMEIC & » TRl
FEREANN, R R L, BERE 5 2 & TREAIR L 722 % (Figure 1.14b,c) [94], —f&AVIC
X, BERE TR COMEDHEEIC L T, MEX A T LENES A 7D 2 FEICHEIND,
5T, BERE Ag BTELD Ag KI-DW A X2X -, T/ Ag, ¥4 78 Ag XA TS
N5D [75,76,77), TNEND Z A T X o THERSIEC, BERS R DBEETOEAEHMEN R
RO, B A X, Y 2— /UG, TREAME, LEREEEDO L ~VSET, &
WS RE T D UEDR D D, —ARENTHERS Ag R ITHER S D X ¥ T A X3, Ag X Au
EVSTEBE&RTH LM, HIET TORBFEEMEOB R TIZAg A X 74 X3 HbEL T

% [81, 95,96, 97],

@

- Organic shell

Passivation layer

Core metal

Figure 1.14 (a) Schematic view of Ag nanoparticle, (b) SEM image of the nanoscale Ag paste
before sintering, (c) SEM image of the sintered nanoscale Ag paste at 280 °C [93, 94]
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143 JINE Ag BEREA DR & BRE

INFE Ag BEREAIE, BERSIRFIE TRZ L O M Ch D, BERSTRELIE 180~300°C, NNEIL
1~20 MPa T 2% Z L BN—ITdH 2D [73, 75,76, 77], MIEBERESMC bR D03, BEINE X
A 7R BRI RRFRINE S, ARERICEN DR E AT D (78, 98], £z, MEIC
Lo T Ag KIFRIOBRZIP L, EHREZ/NSKTLIENTE LD, HARESES
J& O ERRZE VT TN Ag BERER L 0 HENR TV D 98,99, 100, 101], il %X, INE Ag KE
A THIUL, Au A ¥ T4 RTxF L TH Ag#ERTE O mIREEIEZ R TE 2WEH S &
% [81,102], €D X 5 RENTHFeaE bHO—T7, FEOF AT X v FTRIZEBNTL, XY
RBEEPH LM LT, EOLIIZH—RMEZFEBT L0V IBENEL D, 20D
AKX L, R THOBIE Ag Beftted 203 2 O ThiuL, Bk o
EBRFEIC KV FEF NI OB EHEEKICE —RMNEZITV, EFD7 T v 7 RBERR LD
T, B FEHENE Ag BEREHES T2 Z LIXFTEETH 5 (Figure 1.15a), D7z, F igEk
TV a—VDOFEF FEAEICIE, BEICZOMEX A 7 OFiE Ag M MER STV 5 E
EbdHD [79,101,103], LU b, MEX A 7 ORERE Ag BEEMIZITE AN EE LS
HALRE Y 2 — /UBE b AET D, Bl2E, FF (G e Cu 7ry 7 H50Ee—k
VU BE Ag BERES LToWGE, REMA2EM T 5 Z LR TE R0, # R L
DEFERK VIR CTEENZENEL, FRFENEN R EWEFT TIER DT T v 7 BFRAE
L, JEADRY 72V EFT CIEEEA R B34 LTG5 (Figure 1.15b), Z D728, JeAT3CHTIX
FAEKlE EOBGEHRA~DRPTHRINEZ BT 5720, AU v hDOA-7zCu 71y 7 & H
WTHEF EEOME Ag BERHER 21T oo ®mEB b & 2 [104], 72, FFOKY 2AKRT
HI2021E, BTORBERELTDH, HOVEFRTOV A XE/NELTHEVSTZRTO

SHESTE R O EEfl £ THEIZR D,
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(a) In Ag sinter bonding on the under side of chip

Pressure

Convex portion Pressure type Cushioning
i Ag sinter material
Chip warpage —>’-"k
:

Uniform pressurizing is possmle
through cushioning material Good bonding

(b) In Ag sinter bonding on the top side of chip
Pressure type

I & Ag sinter Cu block

— :

Uneven pressurizing
resulting from surface roughness Cracks Bonding failure

Pressure

Figure 1.15 Technical issue of pressure-sintering process on the top side of the chip

I DI, BEY 2 — /MEEN TR BEWEE Ch 556, EHIEZET2 20— 27 &
JE Ag BERiH2G SND 2 &2 D, ZO%E, BIAIX2 DL EORFPEEIND /Ny 7r—
VIZBWTIL, ZNENOR T OE SITHEIITR > TnD, HHFFOTEERm)E &—
vl BOHWVIEHREF EEGEER)E Cu Ty 7 HEAET DKL, ML R R HIEA O
INEEEE %2 AU, FrEDNEZZNENDHZ RIS 5 2 &1L A[EETH 5 (Fig. 1.16a),
LU, 2 0Ll Eo#FE &, &9 Al 2nd & — kv 7 2EREAT 53581, Fig.
L16b IZRT X912, ELLNORTIENNET L, BMERCHSGREORES, FT
77y OX ) RMENEELGED, ZOX DI, MIE Ag BEmIE, BEEOEEMIIE
BENTNDD, RTCOESTNREY 2 — /UBEIZHEH TE 2D Ty, Zo%E, fil
%13, Fig. 1.16¢ 1779 K 5 22 7 1L CTHANE Ag BERSA % 38 FH 97 4U1E, &M om S ~HEAZ

WL S ERDBORER Ag A S DL T LN TED (75 771
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@ (b) Pressure (©)
Pressure  Pressure Without pressure

i T
Pressure type Non-pressure _ae
Ag sinter < type Ag sinter
15t HS

Figure 1.16  Various case in Ag bonding process
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144 ENE Ag BEREM DR L RE

FY o /UG~ OB AT E O 7D O m L7 INE TARBHFE S GRS & 72 2 NE Ag BEfs
ML, BANE Ag BERAIE, INEDMEN 722 RO H CRERFE G DN ATREZR T2 8, ik
REYV 2= )/UEEIZHENTE LAY v b2 FT 5 [75, 77, LL, —AICEEG(E M
BN DT Ag BERSH IR L, HEANE Ag BERGAIE, BERS Aght & X 2 T A XORIRIRGE THe
SEEMEORENE Z H\ [97], Bl2IE, Birh Ag BEEMICHER SN D A 2 T4 T BB
ThHDHAgHDHWNEL Au TH Y, NiPA/Ag H- ENI/AU 7 T v a2 Xk 284815
FEPEDRFZEN < B SN TVWDN, Ni/Au 7T v ¥ 2o & SN ERICENE Ag Baf
A LSa, BEEHEAE oM 250 °C &\ @R F TR LT <, #AmENK
IEIAR 92 2 &M SN TWD [95,105,106], —77,Ag - & S - HAMRICHENE Ag
BefE e L1258 DA ERMEITIRLE L T D7D, Ag o I3BER Ag M miT o
ARTA ¥ =g LTRBIERSNA TS [95,97,107], LU GEIEITH~7-
WY, @GR SN E Y 2 — /WA TR BIEE A ME B RIRFICHECR L 72
TR B0, TOBAT, B um DELZRHDH Ag H-> XL, HEEBIZ K H2MWE)GEH
1EHHIE & DB AETREE DM NINEETH S [108, 109, 110], W12, MINE Ag BEFEH & DA
EHEMEICRER S 5 Ni/Au 7 7 v v 2o EOEAE, THIO Ni 2588 S /EH L CBAR
EZRHBTE 5720, BIERAMEOHKICEL TIALETH S (108,109, 110,111, 112, 113],
DFED, A IREY 2 —/URREIZE A FTREZR AN Ag BERSA A H L 7o s 2L SiC £ ¥ =
—NVEBET DL E, RICTHRI N ESRO A X 74 X TIX, Befs Ag M & OEEAMEE
P& E B & OEEMEERIRFICHERTHOZEDNEELWE WS ENELC D, TDOZOR
WFZETIL, Figure 1.17 (R X 912, #EINE Ag BERH & OGS M & st EE ILFE &

DEAHEEFIICHERT 512000 A # 71 T ATFExt % & LIz,
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B High temperature metallization
| p=g

Mold resin

Bonding reliability Adhesion
for non-pressure type  on high temperature
Ag sinter compatible resin

Figure 1.17 Metallization requirement for high temperature power module
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1.5 EiEGE IEBAE DFRE
151 HIEBIEOBEE L FE

BIEE LI, NU—FE Y 2 — L OEKE-PHEIEIZ L > TREL 22105, 1 2H
X, 7—AFA T THY, T I v 7 RAR—2 A PPAGR Y 7 Z L7 2 R)EHIER PPS(R
V7 2= LU ANT 7 A RYIETA v — bRE L TR L 72 RIS, 731 R J28E%
WORBINEM A TEA L CTBMWE LI 2L TRy =T 5644 7 ThbH, ZDXATD
HRENEANZIE, ) a—8lE, AR UBERENPAVEND, RMOEY 2 —VidTr
—ABA T THDHZENE N, 2 OBITEF—NVRKEZA T THY, J—F7L—L5 AMB £
W EIZT S A ARG, T— L RERITHEEL, T 0 A7 7 —pE 4 IV CEFIR R
A, L, Ny b=k A4 T Th D, ZDX A TR < AERENED &
WA H Y, IRV 2= VO ERIZ N T VAT 7 —F =)L R THD, DI, KiF5E
TIEh T A7 7 —=F—/v FHOBIEE LML, T—/v FBHR) ZHRICHERT 5, £ —
Jb REHRE D F e f&E & LTI, SMB2 b OB BE DD ORGE, Mk, T2 — /LN
DISITESED T2 O OFIER & L TOERBNDZET 5D [114,115], Si T34 AR ST
WARERD/RT —F Y a2 — )L O KEEREIL 150 °C THHLAENZ N2, — k73
U=V a—HOT—/L FElES 150°C VLR & 72> T s, BARAYICIE, 150°C LAF
(ZFVNT, MOBHREE, 25 TREE, MO, R, 2 Oty % A fefr T &
HMBREL & 725> T D [116], & DOMEHEEITI =R X T BIENX—ZATHDH Z ENREZU,
150 °C MHEAD TR F 2 %E— /b FEIIR A RIE OFEMVE L HEIR T 5 LTI, U7 AR
(AR, T & WO FRIENIERICEE L 72 5, Tg LU T TIET AR IR OFEMMEIT T T A IKTE
DOZFEENZRT N, Tgh B &7 b & 0T AR L, I LIREE L 72 5 72 DRnR OFEM MBS
AT 5 [117,118], ZAUT=ARXHIE~ bV v 7 ANTEGESB) L T\ 55 FiEEIO R 7
— IR T D EICEKRT S [118], Bz, FT AT 7 —F—/L KM OHERG T

A—X L U CEESRIZERECL T, CTENL, T ZRBETIZAMN 10~16 ppm OFIFH T
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4T —BRICEVRES N TVDR, Tg Ll ED T 2REEIC/2 5 & 50 ppm UL EO K& 72 CTE i
720, EUE LTAHFEMIC 0 2 BUS NI RESEL L TLE 5, INEEHURS AR OB
HTTg 225 EREIETTD, LoT, 150 °C MEYEEED =R F v RE—/L KtHED
Tg 1% 150 °C LLEIZEREF SN TN D 2 R, T T RRBEDIREIL CTREYIME A2 RFE L TV
LY ENE, DT, FlAIT 250 °C EMEERDE—/v FEE N ER S D 5E, 250 °C
ETIEIH T RRETH L5648, T72bbE Tg MEIRKEL R D, £, mEE—/L FHf
(ZIE, Tg DMAMC, SWBSRBE A G T 2 0ER D D, BORIBEME VB 2 H T 285
DG, 7oL 2 MBERRGHE TR Tg 2 BBHE TV TS, mIRMHARIZE G L, 42
NG O BRI S GO % &, FTE 0Pt ZHER TE 2 ed TH 5 [117, 119, 120],

Lo T, mMEE—/L REHEICIE, & Tg C, B oMW REZ AT 28BN LB & 7

Do
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152 TARFVRBIEOHE

FT7 VAT 7 —F—/L BRI SN TWD R U RBAECLT, EP)OIFE A ST
200 °C LLF D Tg Th D728, — AN EMMEVE —/L REIRICIEE S e [116], =ARF &
B OE 22 58 Teg i, =ARF UM~ R U v 7 AOLEEREESCHORIEMS,EZ RIF5 2 &
THEMIZITARETH D [117, 121], 72721, BUEHE % 5D 2 2 ERRIAROM BRI =
X MR DOIRRREETBACIZ O 5 Z LR L L, & Teg fLIZIZBRA R & 5 [117, 121], —
HC, F72LeRT TRt BEEREAL, HIEREEKZ THICH-E
TORF VBRI, 260 °C FREEE T Tg b TE L2 HEFINH D [117], LIALARDB S, =RF
VRHEERT DT 2 =L =T UG D AT L R I E R ST WL E LT

WEINTRY, BIREELEOBLE TR &K S (117,119, 120],
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153 ¥ 7F— b RATVRBIE, A~ LA I FREE

VT F— M AT IUBHRECAT, CE)NE, MBUZ LY 3 BfbL TRV 7V BRAAGEREE 2
B L, MHEWED @ OE 235 Hiv D, CE REIRI, CE/—AR ¥ 5% [122, 123, 124], CE/X
VYA RY TR (125, 126], CE/IE A~ LA 2 KR [127) & k& 72 R TRFZES T, & Tg 72
BHERBEFEINTND, L LA 6, ZoOMEIE, KREE T TIAKRSHEL T ZiR{bREL
FAELLTWEREZALTEY, M{EHTICHRA FAHRLTWE WIS RN S 5,

YUAIRNEEASIRLFY Iv—DOWEKIGIZAETHEAT LA I RELT, BMDIE, 7
Ik, BOEWIY LA I RETTHEAKEL,200°C L EDOE Tg Tl (bER A Y, 2L
RIS & OB SE A AT D 2 E AT E D 128,129,130, 131, 132], D 7bkkx 72
WIFERERE, MEIA = —THERRB SN TE Y, @MMEE—/L FiElE & L THIfMER &V, K
S TAMFETIL, @& Te BB S L CERE R TEBIEOREN & H D720 BMI RO Tg

T—/b P 2ZEIET 5,
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1.6 NS T A ~—#

TV NBIRE A ZNVERE OFERE L ESELHEL LT, T4~ =0k
WCHWBND [133], @D T T A ~—E L TERI A I REHOREHETH D, PLITHE
W & LTI S OMEWEZ AT 2R ~—L Wbl TR Y, IR~ Y 7 AOBKIEN D
300 °C %% % @il £ CTIAVIREERIPE T 3D 7e <, MIZE52 1 53 B C 0 @i B G
Fl& LT, HDHWE IC < LSL # LSI OfEliiai s U ORI TWD [134, 135,
136], P1 1%, ZDRIEMATHHARY 7 2 v 7 E(PMDA-ODA)ZNEA L TiE A EASEH Z &
T Tg 2R Y ~—% KT 5, PLOEEE R & e D8RI, & L THRAICHNGNS Cu
X Al(AL-Si 54%) [137], & 5I21E Cr, Ni, Ti, Au, Ag 72 ERZEF 605 [110, 111, 112, 113], 1
Z1Z, IBM @ Chou 52X Y PI ® PMDA @ C=0 [ Cr <° Ni &I T D03, Ag E1IE L
RN STV A (108, 109], PI E&RBOEEIZIZFEIZ 2 DOFENHVLNS,
1203, #ifb L7z Pl BHIEREICEB A HAERET 2H51E b9 123K 7 X v 7 MBI
(AL E NMP)Z W, GBREICAE a2 — L, REEFHXT, &2 WIEKRET TINEL
WALT D HIETH D, AFTETIE, A X VIR E OFEERICOTZDDEMET F7 4 ~—L L

T, MENREEN D LR 7 Iy VAN T 5,
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1.7 BFEREH

CO PR B AR Lo & W )t =— XIS 2 572, HV, EV, FCV 72 & OBREIX G H
DFIFE L EEPLETH D, TOREMSICHEIZBW TENEBROKEZ R LTS PCU
DOYEREZ S HITE(L S 2 72 0I21E, PCU O EEEEE Th 5 /37 —F ¥ 22— /LT SiC 7 /3 A
AEWA L CEIRILEERBL, SHICEYVa—VEREE+ 52 Lick>T PCU OF
725/ N AR 2 MEZEBLS 2 2 EBUETH D, SIC ANV —FY 2 — VO EIMEMRIZIT
FAERELE B O @Bz, @M E CRE SN Y 2 —LNORTOEM, #
AIZIBWT Y 7w 7 ROFBED 72 O S F MR EE D RO v D, EREME O & iEY b O8]
RCIE, @RS IL, FEMEICER, BRTEHR S HIRD TV D BER Ag M b A
EThD, FrZ, BIEY A TORER Ag a1, Bix 28 Y 2 — UG OBA AL H]
#I72 W FTREZR 7o OFFRMED VN, mMNEAEF IR, Tg, BOrMRIREE, MEMATE, HafaiE,
BEMEORTENDA I RROTTA ~—, T—/V FEHIENELTH D, ABFFETIE, £
EMNEVEZEA BE & U CTHIRHMED @V, EINE Ag BERSHT & A X RRBIEDOEY =2 — Vi %
RRORIHEE Lz, 2D OEMEM R CRESNIZEY 2 — LV ORHEEERRT 2720
21X, E¥ a2 — VIR D A 2 T A ZITENNE Ag BEREA & DAL A I RRBIIEE O
BEEMAZWN CTE D bOTRITUI R B2V, —AYICEER Ag #25121%, Ni/Pd/Ag - &
RNVAU 779 aDoEDR ) RESBD > ENRHERI N TVDN, H#AEEFEMOBLN
TIXAg D> ERENTEY, Aud > T XEIRZEROMENH D, —I7T, BlREE OB
TCIE, BRICESBORZNEHE LT D Ni/Pd/Ag > X I IBHEE & & R TX 7200,
Ni/Au 7 7 v ¥ 2o & OHAITX THIO Ni & O A/ER CHIIBES 2k cx 5, 2F 0,
—EHNZF DN TWDEBBDO A X T A4 XA TlX, BANE Ag Befitr & O EREE A IR
SMNE & OGN Z RIRHCHEIR 2 Z LI LV,

ZDIZOAGHICTIL, HANE Ag BERM & OBGERNE L A I FREILMIE & DFEEMED

WAL Z IR CE D A2 T A4 XA a7 & Lic, A TIRET, A ¥ T4 e L
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TYLRPEIC N 2 B AR D - THANICE B L, BANE Ag BERH & O#E & EHIEE & 0%
BHEMNTE DD ZIHINZREL, TDOAN=ALEZWEINIT D, RIS, BETLHH-
SHNZ ST Y 22—V~ 22 2 BFEL, Y 2 — VRIE TR o ES
HOEMZT D, LT, TOEMBEZMRT 572000 > SHUMOUWR 21TV, MRRTTE#
W OMNITT D,

AL OHERIE, FTREDEY ThH D,

B 1 ETIE, SIC ANV —FY 2 — V@i o = — X L RAEmR COME A B L, N
JE Ag BERMOA X FREEBIED & 5 AT B2 ;M BAFEAERT L & DA MEE A M 2 (R
REICHEIR CT& 2 K 9 RmMNEAR & T A AR B TH 5,

%2 ETIE, EEMO o ZVEICER L, BINE Ag JERM & OBE L E LB L OBEL
WA TED AL T A X% ZEAINCTET D, ORI, Ag BEMM & OBEGEEM: &R &
DEEMZRIFFICIEBL LT Co-W-P 5 XD Ag BERSHEA A I =R 1, A X RRMIIE L D
HAN=ZALER LT D,

%3 ETIE, Co-W-P Do X2 LI EY 22— LORE TR EOBMEFHETH D, Ag &
AT HE Yy FIRICBITHORKA T TOREIET =— VBN, ZO%D Co-WP H-E LA IR
SRR & OBAEMEICE 2 288y, 7 =— VRIFICKEZRIT THLIZT 5,

54T, R REINE Ag BERE A OBA SR Th D RAR 250°C, 1 FEf#] 7 =— /1 &
WOl BAT Hy FITRIZOMAG D, BALMTEZ A5 Co-W-P Do Zfllpkia W A&
WER LTRSS 2,

W5 BETIL, B L2 EIHTED 3 5 Co-W-P o & 23, Ag BERSHEAH & DA PERE IR
FEMEICEE 52 TW R0 ERET 2,

H6 ETIE, FETHONIIRZHIEL, fifmail 5,
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TE2E N Ag BER L HIEEEEEEWMIA T
% Co-W-P & - & £t

Co-W-P metallization technology for both bonding

to Ag sinter joining and encapsulation resin
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21 XTI

NI —FY a—WIHEF, BEEM, Cu 7 ey 7, Cuk— b7, 50T AMB HEMR 7R
ETHR I N, ZTONEIZITEREGE & oSG, ARBIIE & O & TP ERA ITFET D,
Bl 20X, PEEFEFIIREOOEIDOEAM & OEESRESH THLM, Cu E— 7
X° AMB JEROKIENL, #HEM & OERGREEE TLH Y, B ILEIE & OA B A
Tbdhod, EDD, ZORMEMD AL T A4 XX, HEM L OBAEEELZMEER L, B, &
IERHE & OBEMEZ MR TE 2O TRITIUTZR G20 [30], L LR b, 22 &t
EAiA T 2 BN Ag BERM 04 I FREMEBIIE CE Y 2 —VEEELE 2 T2 L &, Ag BERE
BA OGN L BRE OB EMEOMN 2 WG TE D A X T A4 ANBURA Y7 5780,
Bl Z1E, BEfsE Ag HEOM L DEERICIT Ag HDWIT Au A X T A4 AN —fRICHELE S NS08, Au
AL T A XFEiEEME L WO BLR THRBE 2 2 TV [95,105,106], —F5 T, mildfa v
BN D Ag A X T A RIFHIIE & OBEEVEMRICEREEN H 5 [108, 109, 110], T7obbH, —
FRANCHERE S N D BB A & T A XTI, FEIE Ag BEREHE A OGN & BlsE Lo %
EMEAFIRFCHER T2 2 LB TERY, EOTZOHH 2 B TIX, WINE Ag BEfit & DHAE
S, A I RRBEE DBEBEMEAMIY. TEDLAZTAXLHIICARHTZ 2 M E L
7=

A B TA R(ERBOEIE) D FiEE, RESEAE LRGBS ND, ERJEI2E, B
TERERE — LHRAE, ANV HIE, A F T LV—TF 4 U7k ALFRRMER ERFTF N5,
FLEUEDORFE L LTI, 12 A EETORBILEDRHIEN TE, Wl E) ~D RS
AIREE W o7 A Uy b ORI, 2 3 X RAE <, RIFEIEE A T D EmpEME MR VIR
WD [138,139], —F, MAIEICIE, ERD - &, BEMD - &, WRlD > X, Bk,
BEER ENFT oD, BATEOFEE L ClE, FritbdEENEL, BERICEND, 28
AARBLENEWNSTZA Y Y ORI, HTHESEARE S, BEIRAH S LE &V o 72l

2N D [138], HFICERD - &, Ml TIEdH 2 N ELRARENZ M ORI LR - =
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WTERNEWIIERD D, —F, WEMD > X TERAREMED 2 WEMITR LT HIRE
B —MEICENT- SR > XN TREL Vo TN H VD, MERIETH D SENG R Y A I N
FET D KD BRER DD o &7 &, HREH B CiR/A < IS ST 5,

— AR FERETIL, T =B RR ORI EMIL A Ny FIEIC L) SEEIRD TR S
NTNDZ ENE [140], XU — Y-8 KFE T OERBEMIT Al TH D Z L BEVON, Al Hib
D EIZE, FATATHEO RV Ni, EOICEMEBIIEDT-DD Au D> &E T 52 LRLU
[140], FERFE AITH L TERD > T ET D Z LITBET 7202w, FHEERFE DD - X (2

BN ShD, —77, Oo & HERMDARNY Cu 7 ey 7R Cu b — Y
VIR, RMRERD S EEMHAT L ENZ N, AT, EEORETHD Cu
— T DAZTAE =T g VT TR, PEERBRFEBORA L TAE—a 0 F T
OISR E BIE2, A% T4 ADJikE UCITEERD - L5238 L7, Table2.1 121
T, EEMD > ZETHIH 2R BIIZR SN TWD [138], EEBMD > Z{ET
I%, Cu,Ni, Co LA o & & LTHMTAER SRR LIEO TV D,

RE T, BEMD > X ATHE & W 5 BLIST, Ni, Au, Ag, Pd, Pt, Co, Co-W @ 7 FRFH DA 4

JE 7 IE L, BINERER Ag BEOHM & OMAERENMEL, 1 X NRBIE & OB Z RHAIC

AL,
Table 2.1 Types of metals for electro-less plating [138]
4A B5A B6A TA 8 1B 2B 3B 4B 5B
c
Al s [P

N

TiCr...z@GaGeAs
Ru (°9)

Zr  Nb cd I Sb

(29
Hi  Ta [w] [Re Os IngPb Bi

O: Single deposition possible [1: Co-deposition possible with Ni or Co
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2.2 EBRFIE
221 VU TAAER

22,11 A¥ T4 ZEROER

BeiE L 72 Ni, Au, Ag, Pd, Pt, Co, Co-W @ 7 FEHDE B T > & I4L7z Cu iRk &2 2%
AHER L7, ke LT, WG Lo, BFEA X T A XADMEERIE, Table 2.2 (ICF & D7
WY THDH, Cutstki~DD o> EHiEE LTIE, 2 TOKEIZBWT, HikD D > X EE % H

VY, IEFEME D > ZIETHRIROE Y OB AZIT - 72,

Table 2.2  Specification of candidate metallization

No. 1 2 3 4 5 6 7 8
Top layer Ni-P Au Ag Pd Pt Co-P *Co-W-P W
Metallization Electroless plating

specification | \jip | Ni-P/Au | Ni-P/Pd/Ag | Ni-P/Pd | Ni-P/Pd/Pt | Ni-P/Co-P | Ni-P/Co-W-P W plate
Thickness [um] 5 5/0.025 | 5/0.1/0.5 5/0.1 | 5/0.1/0.1 5/0.1 5/0.1 -

* W doping ratio is 7 wt%

No2,6,7 (2B LTI, Cu Bl & Felfets, 5 um J2 F CHEEM Ni-P Do T &0 L, Kk, B
BRSO > & 7 0 AT, Au, Co-P, Co-W-P D& - X 5% 0.025 pm, 0.1 pm, 0.1 um DJE 7
TER L7z, No3,4,5 2B L T, REOHEEM Ni-P D> &%,0.1 um OEICPd O & %
i LCov5,Ag, Pt O > Z % 0.5 um, 0.1 pm O/EHTER L7, REFEROEBFEDOD > X
JE1Z, Pd, Pt, Co-P, Co-W-P (2B L CIZ[FED 0.1 pm (2272, L>LZRD 5, Ag - & DK
JEIZRE LTI, SefT3Clk2 5 Ni-P/Pd/Ag=5 um/0.1 pm/0.5 um NHEAEREMEDOBLS TER T
WOHHMENDH D72, Ag BEAEHEMENEN L BOKHE L U CR%EOELZE A Lz [97],
Fl,AuD o EICEH L TE, —RIICHS TEBEOH 2 NVAU T T v ¥ 2 o> X DR fAR
Bl LTz, ZHHDAY T A REREFWT, Ag BEARBRT & BiEE AR 2R L,

Ag BEREBE O OfFHENE L BIR OB A TE 2 A LT,
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2212 Ag BEERBRA OIEN

T U OIZ, Ag AR DIERGIEZ R D, T, Hx DA X T A ZHM LD B RIRAL
& prEd 2 BT, BITAKEFHK T 260 °C T 30 57 =— VB 21T 572, T D14,
MO RERE Ag ~X— A F(MAX102, NIHON HANDA Co., Ltd, Japan)% X % 7 A X f kI
4.5mm], £ 150 pum DIEHTA 7 U —Hlill 21T 572, S HIT, FIED A X T A X Ll
CurZnva vy 7%, BAfiLlz AgX—AX MRIZ=D > hL, K& T 280°C, 1 e}, MEONTE CHERS
BESE T, AgHEEHRBRA ZER L7, JEfH% O Ag BEETEOREAITBE L 100 um F2AEE
Llpoto, 1ERILT: Ag #4630Vl % Figure 2.1 |2, Cu v 7 DA X T A A/KHEE

Table 2.3 (ZFC L7z,

(@) (b)

Electroless plated
4.5mm

< ;/ Cu chip

Sintered Ag

W plate

Electroless plated Cu substrate

Figure 2.1 Configuration of sinter Ag joints specimen.

(a) diagram. (b) photograph.

Table 2.3 Metallization specification of Cu substrate and Cu chip for Ag jointed specimens

No. 2 3 | 4 | s 6 7 8
Metallization . .
C;u Specification Ni-P/Au Ni-P/Pd/Ag
cni
P Thickness[um] | 5/0.05 5/0.1/0.5
cy | Metallization o n | NispRd/AG | Ni-PIPA | Ni-PIPA/PE | Ni-PICO-P | Ni-P/CO-W-P | W plate
specification
substrate -
Thickness[um] | 5/0.025 | 50.1/05 | 5/0.1 | 50101 | 5/0.1 5/0.1 —
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2.2.1.3 IR ERER T OER

WIZ, BHRFBEERBT OERIFIEZ RN D, £T, K2 DR Z T A ZFM 0 3 IRER LI
ZERET D HBT, BILAKERIE T, 260 °C T30 437 =— /L9 BRI Z Ag BEARER
FOBEEFRRICIT o1z, ZLC, TIIROARY 7 v VRIS A ¥ 74 AFm EIC@Ai L,
KA 100 °C, 1 B ORI, 280 °C, 4 BEF O Z/E CEM(L S8, 7T A ~— L% fii L
oo ZORYT Iy 7 BEIEIL, AIE CTIHRATZIBY, A X2 T4 XOREAKERE & ALFHON L
LEEE LR T 2720, @B L OBEREZHRIRT DDA TH D [137], FI-BuH
EBEDORY A I FITAHBIEO T TH RS SMMEVAMETH 572,200 °C LLEO®EIETO
SR LI TE D [134, 135, 136], BI2IS, D7 T A ~—K 12200 °C LA ED Tg & 725
EAY LA I RROE—/L NG [128,129,130,131, 13212 7V > Ay FRIC N T AT 7

—EA LT, MRS AARER & L7z (Figure 2.2),

() (b)

Molding compound

Primer

Electroless plated Cu substrate

Figure 2.2 Configuration of resin adhesion specimen. (a) diagram. (b) photograph.

38



222 FHilfRNT 5
2221 Ag BEREEES RO

Ag BERSHEGMEORHIEICBI LTI, H250RE, BABOMIED Bl Ui, #2530, #)
HOFREETZNT T2 <,250°C, 500 FpELEEEE O5REE 2 - L 7=, £ OPEH & LTI, BERS Ag
PHTEMEESH & LTI SN TOVDD, A X T4 XL DMAADEICL > TiE 250 °C
Lol T T Ag BERIEG ESIZREA L L, MERT T2 &08MbNTWN572HThH
% [95,105,106], #&RERHMIX, 4 — F 27T 7 (AG-IS-50kN, SHIMADZU CORPORATION,
Japan)% H\, T 0.1 mm/Z [ O AWNEE TIT o 70, 7 — X 1%, FKMEIZHL 5 5L
IS U, AR O BREME & L CiE, R 2EIRIZA TS Th 80X A 72 (Pb-5Sn) 28
) 20 MPs TREIRT D Z &7 5,20MPa & L7z [31], #2880 REBIEICEI L I, MWy
> 7 VO, Wikiz SEM(JSM-6390, NIHON DENSHI, Japan) L5 L7, £7- Ag BERSHE
BEAN=ZALEZETHTOI, | oK L TIEEA R o TEM-EDX (JEM-

ARM200F, JEOL)/3#7 & FEiti L 7=,

2.2.2.2 MR E MO

B DB AEMEOFMIZ B LTI, AR OBIEE AR 2V, FHEA X2 T 4 XERIC
x5 B A TRIE 2 225 °C Taffli L7z, 225 °C CHIIE® &M 4 i i3 2 B 1X, &k
DJ7 DM REEE A5 SRE DOFERRANHE LW 2 &, Tj = 250 °C BHEZAEE L 72 RO g E 1L D e kR
BEENK 225 °C THHZ ML TH D, BRI, 47— h27F 7 (AG-IS-50kN, SHIMADZU
CORPORATION, Japan)% fV T, 225 °C, 1 mm/43 [ OF AWk 170, lEima ~ 4 7 1
A 21— (KH-7700, HIROX, Japan) CHIZE L=, 7 — Z 1%, K/KUECxH L 5 0L B2 B L7z,
A BT A IR E OB AMEDFIBNE, RRICHEIT I OB T & EIREE ) BT 7o, fil
Z X Figure 2.3 (/R TI8Y, A X T A ZHMEITHINEAE O BIIEN CEERMIE L T\ 556

(X, A% T A ZIEREBIRRNCIT T2 0B BERNH D L Lz, 2054, AL
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SRS & LTI 15 MPa ~ 25 MPa F2 5 O EETR FE (& — /L KR D 225 °C CTOM BRI E
L7225 2 ERRBEL E LThhos TWnNd, M2, A ¥ T A XM EITEIEN A<
FAELTELT, AZ T4 XEKR BRI TREAICHBEL TV D XD REE— FOGLE
I, BIIREAERERE LHW Lz, 2056, SAMMRES LTE, ISMPall T ERd, %
72, 1 RO KYET S LTl BIIEEE A W = X L& EL2T 5729512, XPS (VG Theta Probe,
Thermo Fisher Scientific)z VT, A ¥ 7 A ZFEMEREIZ/AET DAY & ALFHE GRS
BN LTz, XPS ORIGE, MRHTSethid, MRS X #e L CHURSRSE Al Kasource 245 L, X
MEAR > M 800 x 400 pm(FEIIZ) & Lo, Seis, Yr—A 2% ¥ o TEMSHT 21T,
FHHITFRITH L TFr =% ¥ VRS 2T 272, WIEASXT FANLDNy 7 757
v FOFREL, Shirley {EIZX > TITo72 [141], 2L TC, BoleF o —AFy 2 AT b
/W13, Gaussian/Lorentzian 128 B2 W TR DBEZ AT o 72 [142], fE =R/ F— DM

{b1X, C-C, C=H(IRALKFE)H KD Cs=284.6eV & L TITo7-, K E—7 OIRFBITIATCHR E

BELTITo T,
(a) Cohesion fracture mode (b) Delamination mode between
in primer or mold resin primer and metal substrate
Primer . «— Mold resin .
Y I~ N
<«— Metallization _
= Sufficient resin adhesion on metal substrate = Poor resin adhesion on metal substrate

Figure 2.3  Judging point of resin adhesion
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23 fERLEE
231 HAZTFAB—T a3 IxtT D Ag FAEREA I & BIIEE B O TGRSR
2.3.1.1  Ag BEfEEEE 1t O FHMERE R WIH)

Figure 2.4 |2, A X T4 B — a VEBITKIT D Ag BEfEHEAE 1 AW B s B S 5
%7159, Figure 2.4 7>5, Co-P > X JEM, Co-W-P - & FEMIL, Bl Ag & OBEATRE K
45MPa itk & @ <, B b IERE Ag BEATEICEN D L \Wbivd Ag o X dL(K 38 MPa) & [H]4
PLED Ag BEETRE A IS DH 2 & 0330 o 7=, Co-P & 5\ Co-W-P M EERE Ag & 58 < B2
BT HEVIBEUT, ZhE TITREBINR, ZOHE A = XA L TIE, %0 TEM
fERT OEICHEIR T Do 1272 L, AEIO Ag BEATREEFIIIC I T W AR D Ag BEREH: A TR A
WFEAERNPSTZZ LD, @V Ag BERHEGIREIL Co ITER L TWD Z E B HEHITE 5,
fthod A % T4 ¥ —3 g HM(Au, Pd, POIZEE L CIE, BERE Ag & OHEE58E 1% 10MPa B

(BEED 20 MPa Ki2) LKW Z E N o T2,

70
60
50 {
40

30
20

—e—i

o Average

Shear strength [MPa]

O . . . . . . (0]
Au Ag Pd Pt Co CoW W

Figure 2.4 Average and standard deviation of initial shear strength of sintered Ag joints on different

metallization plate
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23.1.2  Ag BEREEEA TR OFERS R (250 °C, 500 REfEI )

Figure 2.5 |2, KX T 250 °C, 500 ¢l O SR M A LB L DA A 2 T A4 B—2 g9 HR B
Ag BEAEBE AR EE ORBREE B4 R~ 3, Figure 2.5 725, mEiRMIALIEZ ICBWTH, Co-P B 5
UNME Co-W-P b o & JEbl & BERE Ag & DR ITRIEILENE A 30 MPa, 34 MPa 2 & & <,
EHR(EHEIC R BEND EWVbiLd Ag - X h(f 34 MPa) & IZIZ RIS OF A Wik s
ERLTNWDZERNGhol-, MDA X T A8 —2 3 U FM (A, Pd, PYD Ag BEfEHE S TR E

1, BRI S 5108 < 72> T = & AR ST,

50

40

30 ) ) %

o Average
20

Shear strength [MPa]

10

¢ !

0 P2y
Au Ag Pd Pt Co CoW W

Figure 2.5 Average and standard deviation of shear strength of sintered Ag joints on different

metallization plate after 500 h at 250 °C

Co-P & 5\ X Co-W-P b o i T Ag HEA TR DN SR A LB 12 Ag - X b & [F15RE
EETETLTWAEHZAONIT A28, W AWIREERER% O O SEM 74T &
Wit SEM oMt 247572, £, Au, Ag, Co-P, Co-W-P > X LD Ag #24 BRI EE#4 O D
BB ZE & R ir SEM BLE212 31T 2 W OfE H % Figure 2.6a-d 12,250 °C, 500 h & i
DALERT Dk % Figure 2.6e-h (275 L7=, Figure 2.6 7>5, Au, Ag, Co-P, Co-W-P H > & D\
THOKERIZIBNT Y, BEkE Ag DRIE L, ZANRRKEL RoTWDL Z RN gnd, %

AREOKRE ZIT, Ag BEREHESIRE E BN H 2581 5L TR Y, Figure 2.4-5 2815
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Ag BEABREDIK T, ZOZELOHMKIZEKRT 2D EHEETE S [95, 143, 144, 145],
% 7=, Figure 2.6f-h 725, Ag, Co-P, Co-W-P & > & LD iR A L ORERE Ag DENL T 1Y
—IZIEFITLL TR Y, FIRMAMLIRG O Ag BErEHESTRENITVMETH > 72 2 & LFHBER S

LEBEZBND,

Substrate side
plated by Ag

Cu chip sida
plated by Ag

Cu chip side

plated by Ag plated by Co

Substrate side
plated by CoW

Cu chip side
plated by Ag

Figure 2.6 SEM image of fracture surface of the sintered Ag joints on different metallization
before and after 250 °C exposure for 500 h: a—d as sintered, e-h after 250 °C exposure for 500 h; a, e
Apmetallization specimen, b, f Ag metallization specimen, ¢, g Co metallization specimen, d, h CoW

metallization specimen
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Figure 2.7 (21X, Au, Ag, Co-P, Co-W-P ¥ - X {hD Ag #5 5 EEER% O Wi SEM 1 % 7R
3, Figure 2.7a-d [T ¥]H 54, Figure 2.7e-h 13 250 °C, 500 K¢ O EHRMI A LIRS O H D& 7R L
Tn5,

As sintered 500 hr @ 250 °C

@ Au plated Cu chip (e) Au plated Cu chip

o

BEC 15.0kV WD6mm P.C65 HV  x500 50um

~ Ag plated Cu chip

—_— 2

Ag plated Cu Substrate

BEC 150kV WDBmm P.C.65 HV  x500 50¢m

Ag plated Cu chip

Co plated Cu Substrate

BEC 15,00V WOGmm P.OB0 HY 2450 A0um BEG 15,00V WOSmen PCE0 HY 2430 A

Ag plated Cu chip

CoW plated Cu Substrate

BEGC 1500V WOOmm PCBI HY 2350 S0pm e— BEG 15,00V WOSmen PCB0 HV 2400 ORI T —

Figure 2.7 Cross-sectional SEM image of sinter Ag jointed specimens after shear test: a—d as sintered,
e—h after 250 °C exposure for 500 h; a, e Aumetallization specimen, b, f Ag metallization specimen,
¢, g Co metallization specimen, d, h CoW metallization specimen
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F7, Au Do TRICEAL T, SRMARIE THRA RORWEW Ag JE(VFL: void-free
layer) DFEBLZ 1 5 R E R EMNE Z o TWD Z BRI N, ZOREIHMEZE L
7N Ag BEREHEGPRIZ O LUVME FIZEER Z &35 TR Y (106, 105, 95, 144, 143, 145],
AREBRIZBNTH NI/AU 7 T v 2o & O Ag A EHMEICE T 258 % s L,

Ag H o ZmICBE L THFERIZ, Ag DRIFLRAZFE D 2RO RITHER S NLD S DD, Au
Do EMOGAE LT D EZORE SIFHLT/NE L, ZTRAEIRMALERL O Ag B
FEHEATREICBIT D REREIORN > TND EHEAITX 5,

Co-P & 5 \\& Co-W-P b - & fhIC B LTIk, Ag #5 A TR EE s O REE G AT A3, A1\ VT
IZ Co-P & %M E Co-W-P 8 > & b i L IZIT O E T CRE L T2 723, 250 °C, 500 REfH]
D ERM AL T, Ag D > & SN TWD Cu F v 7RI TOMEEIEL L TWD Z LR34y h
72, 250 °C, 500 h EIRIMTAZIL, Ag > ZMIZEB W TH[FERIC Ag H o> & STz Cu F v
T TOMEENRE Z > TV D,

Z D=, Figure 2.5 (IR miRMMALELE O Ag #EAMWTREE, & 5121 Figure 2.6 (2R
TREWTE O Ag OFFRIZEEN Ag ¥ - &, Co-P > &, Co-W-P - & L Tl & e > 72D,
Co-P X Co-W-P b & L fifh Ag & OBEBENME T LoD TlEe <, MEEFEFTN Ag o
TN CoF Yy MNCEL LT Z SITRRP S 5 LHERTE D, 2 XTI, EiRmAH
([ Ag BERSHE A TREENMK T3 2 B81T, Ag DRIFLR I > THERIL L7z Ag BERE @R D1
DZEY A XEMER DD E VI MEN SN TN D [145,95], D729, REBRFERIZHB W
THIABRDHE T 5 72, Figure 2.7 (TR Sl AfE DD ZEfLY A XD E AL AT -
Too BHEFIEIL, £ A X T A ZKEOWE SEM %4245 3 B¢ S E L, £ OWim SEM Lo
F o T & FEHRM O Z N FE BT 7 pm x 300 pm OFEIEAN TIT - 72, D22 AL,
AR ORI 8 5 272 LR 2 ZEABTHIVE L, S I EMIREEET 52 LT,
R OZEAREFEH LT, = O3 % Figure 2.8 (27573, Figure 2.8 2> 5, @iRMAZ D Au

Do EFLOFEEDZEILY A XL A D> MO 2 ERENVZ RGN D, Aub-oE & Ag
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o MBS D Ag BERFEGE OEEMEDZET, 20X 91 Ag BEfEEE D~ 7 v ik
IZZEAR)DENGI SN D, 20D XK 5 RBLE THEIRMAE D Co-P & % WM& Co-W-P H >
OFERZE DD &, WTHIZBWTE Ag Do X I Cu T v THIOFEDZE LN,
Co-P HDHWE Co-W-P Oo & INTHEMPDOZENL Y HREL, ZOREIN Agh > X
DZENEFERETH D Z L0 5, Figure 2.5 (TR EiRMIA L O Ag BN #EE <2
Figure 2.6 (27" RGO Ag ORMAERIZIED Ag, Co-P, Co-W-P ¥ > X fh TR L 2p» 72D
Ag > E SNfz CuF v D Ag DD ZE UM RIS RE LT 272, [7 U
FrCIEIER CGREE T L TWe L iIRT 2 Z &N TE D, T729 5, Co-P & 5\ T Co-W-
P o X T Ag #ATREE DS FIRIAL I Ag - & 5 & [REFREE F TIK T L7722l 11X, Co-
P, Co-W-P o &l & Ag - &I T Ag DRIFEIZENRH D, Ag D> ZAITE Y K& HL
ELTWDL ZENFRRERTH T2 LEZHND, Co-P &5V Co-W-P o ZMDFD Ag
ORIFREDNH S TN D &V D S RIOFEFIE, Co-P & 5 E Co-W-P - & 23EERE Ag $2

EMOEREEEOHER L VW OBRTER TS Z 2R LTV,

Average pore size [um]

chip side
plated by Ag

substrate side
plated by Cow

(h) CoW specimen

chip side
plated by Ag

substrate side
plated by Co

chip side
plated by Ag

substrate side
plated by Ag

chip side
plated by Au

substrate side
plated by Au

(e) Au specimen (f) Ag specimen (9) Co specimen

Figure 2.8  Average pore size and standard deviation of sintered Ag joints near the substrate and the

chip side per each metallization specimen after 250 °C exposure for 500 h
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2.3.1.3 HEEE MO R

Figure 2.9 |2 A % 7 A B — 3 U EEMITKIT 5 225°C TORIRE AT %, Figure 2.10 (2
Z OB ORI OBEMSEE E A28, TT,N/AU 7 7 v ¥ a o ORI L T, &
IRICHBNTHAI 20 MPa D+ Z W AWIREEIREE 2/~ L, £ OBEEE — N b BE DR
WE T 5 Z L) Figure 2.10a MO R TE D, BRBD-ETHLOIN/AU T T v aho
FIZBWT, NI - & i S IZIEFFOBNEE A RENFEBLT 2 M & LTI, Au o EJER
25 nm EFEFITHNTZD, Au 7 T v v a Do XD THONI BT T4 ~—DKRY T I v 7k
EERLTWA 720 EHERITEZ % [108, 109, 110, 111, 112, 113], # OFEHLZ, 0.5 pum DJFEN
Au o> E & W7o RFEBRTIE, 15 MPa DL FOEAMMIERE TH V, ZOMIEE— b
Figure 2.10b (/R T Y, A X T4 XHEMRE 7T A ~—RHIEM TORERHEEE — K~ & Z1k
L7z, FE7z, FEROBEHR T Ag o T HAROBINEE & REL 134 10MPa #2EE LK<, 2 DRk
T RNETIA R L ORmFBEE— FTholo, T74bL, BB TIIT 74 ~—#
NG AL RIS TE RN, SIREEREOHKRISREN H D Z L PARFERIZBNTHH
LTI T,

—J5 T, Co-P, Co-W-P 8-> Z EMUL Ni Do Z i Ni/Au 7 T v ¥ =2 8- & dn & [FAERIZHY
20 MPa O mE\WEAWBERE 2R BLL TRV, BEEE— N7 74 ~—#EdH 5V ITE—
Jb RRHIR OBEEMEE (Figure 2.10d, e) & 72 > TWAH Z &M D, A X T4 XHMRE 7T A ~Hitflg
M CH R R BEEREDNHERSITND Z Lo Tz, Co-P o e Co-W-P o X f

(2B D W AEEIZ X DBIREATE~OREIZE LT, 564 B TSR T 2,
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Figure 2.9  Average and standard deviation of shear strength of molded resin on different

metallization substrates at 225°C

Figure 2.10 Fracture surface observation of resin adhesion specimens: a Ni/Au-flash (0.025 um)
metallization substrate, b Ni/thick Au (0.5 pm) metallization substrate, ¢ Ag metallization substrate, d

Co metallization substrate, e CoW metallization substrate, f W plate

DL DD, Ag BERERE G L BHIBEAEMED A 2 T A4 Xk E 7D &, Co-P & % Co-W-

P o X DLNEIRGENE LB E 2 72 Ag BERH#AME L RIR COBIEE B ML MR L T D

TNy oTs, Ag Do XX, BEE Ag L OBEAEEMEICE L QIERL TV D Z E RIS
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BRICEB VT HRER T 72208, IRV BHE L OBEMEN BB P BN &SN
STz, —FHT,NI/AU 7 T v ¥ a o & X, FHIO Ni OVEF CTHHE & OBAEMEITHERTE 5
HOD, FATCERTH MG STV D K D ITHER Ag & DBEAEBMEICHREN O D Z &3]
BT o7z, REITIE, RS Ag & OEEEMEME L BR & OBEEEOWMN N TE D,
Co-PoE L Co-W-P Do XIZELT, 2D Ag lEfEHEA A D =X L, BHEEE A I =X 4

EEERT D,
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2.3.2 Ag/Co-W-P #EE& R D TEM Wi 534

Co-P H 5T Co-W-P b - &3 Ag BEREM L #2682 BI8UE, T TITHEFIR2 W,
AREBR TR LIZHEGBRRD AN = AL EEBLZT 57202, Co-W-P o> T EMRIC Ag BERS
Pt S RAB A oS R O TEM #1%%(Figure 2.11) & TEM-EDX ~ v £ > 7 /3 #f(Figure
2.12)%47 -7z, Figure2.11c DWiiE TEM 55, Co-W-P - & & L FEfE Ag NEEEBES
LTWDZ ERH LN -7, Figure 2.12 ® TEM-EDX ~ v B2 71 b, )8 Co &
BEfE Ag 2 HIBITE 2@ REEAEMOBR L 2 <, BEESRHEG L TS Z L3R TE %,
F72Co-W-P Do X BHNIZ R—=7" SN T2 W IL, BERS Ag & DA, Ag BERSHEENIZHE

ML TWAZ ELHLMNZRS T,

" Sintered Ag

Figure 2.11 Cross-sectional TEM image of the bonding interface between sintered Ag and CoW
metallization layer: a bonding interface between sintered Ag layer and CoW metallization layer, b

magnified views of the interface, c¢ further magnified view of the interface
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Sintered Ag

i K —————— 100 nm CoK ————1 WM —————— 100 nm

Figure 2.12 EDX mapping of the bonding interface between sintered Ag and CoW metallization
layer: a STEM image, b Ni element mapping superimposed on Fig. 11a, ¢ Co element mapping
superimposed on Fig. 11a, d W element mapping superimposed on Fig. 11a, e Ag element mapping

superimposed on Fig. 11a

Co-W-P - XN Ag BEAEEN~ W 2R 2 3180, WiIRMA T O Ag BERGHLAE
DRIFLR ZHIT 5 & 9 BRI W TIEFRFICHIREY, 872 51, RO T, Wik
B % MRS L 7o Ag BERERA I, 250°C BHRMA FIZEW T, 20D Ag BERGMERNIZ L A
ERIRE L2 N2 ERRE SN TWHDENETHD [33], L L72A 5, Figure 2.6-7 75437
5 XD, REBRIZEBWTIE Co-P Ho & & Co-W-P H»- & D Ag A EFHEMEICBVWT WA
I X 2UMREITHRE CE R oTe, SRIOERZTIIW GHENDRN- T2 D
Y, 5% WEARICHLAEH LT AgBEMEAEERET 2L ERH D,

LIEME, Co-W-P & il Ag & DHEA AT =X AE, Co & Ag DEBEHEA TH D Z &3

YN ALY
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2.3.3 Co-W-P ¥ o & RRE DILFERBIHT

Co-P H2DWME Co-W-P ho & LR A I PG L DEAA AN =X LAaFHET 5728, Co-
P o Z MR, Co-W-P o Z itl, W RO E (6 ~ 7 nm)D XPS ot &1T o7, H—A
A X N XK o TR E L7281, Co-W-P - Z FEMTiX C, O, P, Co, W, Co-P - X Jk
B TIX, C,0,P, Co, W TILC,0,W Th o7z, Ni R CutHIZW\TINDRAF T A ZEMRIC
BWTHBH TFR0.1 atomic%)Lh F T o7z, ZDZ &1, Co-P & 5\ Co-W-P - & H
WD Ag BEFREHEGTESBIIER EVEORBUL, THIERED Ni X° Cu OFZETIT2 <, Co-P X

Co-W-P |[ZFHEINCERT D5 D THDH Z LA EWR L T\ 5, Figure 2.13 IZK A X T A X

BROF B2 L ART L O SRR E T
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Figure 2.13 Narrow scan XPS spectra of different metallization substrate, a—c top surface of CoW
metallization, d—f top surface of Co metallization, g—i top surface of W plate; a, d, g Oy spectra, b, e,

h Cogp spectra, c, f, i War spectra
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%7, Figure 2.13a, d 775, Co-P > X & Co-W-P > ZHEMD O A7 F UL 531.2
eV ONLEIZE—27BH Y, ZITSefT kA5 Co(OH), IZ)fJE SvD [146], F7- Figure
2.13b, e 2°5, Co-P & Co-W-P > EERH D Cozyp AT MUIZENEIL 777.8 eV, 780.4 eV,
7822 eV IZE =7 b o TWD T ENRRND, FATRN G, RAD 7778 eV D —7 1%
&)@ Co THY, KD D2 DO —7 L 2fid> Co, $ 21X Co(OH), & 5\ & CoO 1TIFE &
NDZENRFNHoTND [147], SRIOEFEL, O A7 MOFRLIFETEZ D &,
Co(OH), IZIFIBEN D, DFE Y, Co-P & Co-W-P - X KL, Bafl Ag & DEBAEAIC
FLa)E Co &, NU 7 X v 7L OILFROSITHER T 2 A Z )V KEE{E4 Co(OH), A3 AR
o TERME EITHEL TWD ZENRpoTe, T3, Co-P Do EIZEWNTH Co-W-P H o
TIZBWTHEER Ag a1, HORY A I FBIEE b+ BEMEEZ KRB LI AT =X
LEHEETE 5, Co-P Do & L Co-W-P o gD XPS A7 F/LTIFZIER L Oy, Cozp
AR Ml o TRY, ME—DEWE Wi A7 ML TH D, Co-W-P Do X DA Wy
AT MV EIL, @B W ERBSNAIE—27 & WOULRB SN E— 7 BRI, W
D XPS A7 MVZEBWTHAKICERE WIDRESNLHE—2 & WOIZREIND B
— 7 DHER S U7z [148, 149], Figure 2.9 75, W HUIFENICHIIEE BMEZ BEL L TV 7223,
Co-W-P h - XD W EHE(7T wt%, 1.5 atomic%)x & 2.5 &, 20O WALEW DIEEDA
DFEN Co-P > X & Co-W-P > X DBIFEAEEICB N THERELEIIETND LI

B2, WEROENPBIEE AN G 2 2T L T, AfwLOH 3 &, 4 E Tk
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234 Co-W-P o & FDOBERE Ag A L BIEBEDRBRA =X A

RUT I ZBEERY A X REIEMER) & X Z VKA BT O D 2 &1, Bix 7230k
THE SN TS, B2, Chu HIL ALK ERY T I v 7 BORISHEBIZE L T, &
DEIZHELTWD [137], AU A X FEIBEATH LAY 7 I v 7 BRI, 300 °C FRE DN
BUZ XY, B DA I MEBUSIZ R VR Y A I MEd 57215 T2<, A X VREKEEE L
BALFIE LTI T Z— b5 2 & T, A& VK& ARG EZRT 5, 17 3CkD>
5,Co ERVT Iy Z7BRORIZENT HELIPIZFEROIFEOERE Z > TWDH Z &7

HEE X 5 (Figure 2.14) [150, 151, 152],

7 e
000 ;S O4 ("?g,
"\‘8’\(‘)‘} H|O 0@}.
Imide precursor & / Co 6"5’0%
0 — % Il

> o) &>
AN S Il I
7 (I‘T—OR o,,{; N < \.@q;v O™\ .
o) G ON= & | Hemiketal structure
‘%, y H Co

06' _ 777‘77
H(,) Surface hydroxyl % C|: ©
Co 9
A Co
A

Figure 2.14 Chemical reaction mechanism for the bonding between Co metallization and polyimide

Co-P 5 X,Co-W-P - X EfE Ag LA L, Ho, RNV A I FEIE L BENICT D1t
&% Figure 2.15 1ZR LTz, MO > & & HIT, Bifh Ag & O@BEAIZNERE)E Co &, R
U A X RRIBRE & DAL PR EE TR Co /KR % 8 - & iR i FIZFEIRFICHFESE B

TG Z LW, Ag BERTES LR A Z W TE DA D= AL EHETE D,
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PI resin Pl resin
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r Co metallization —| r CoW metallization —‘

Figure 2.15  Schematic view of bonding mechanism to sinter Ag and resin
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2.3.5 Co-W-P - D TREME

PLEDOFERT, MEMR Co-W-P o X3, MHNE Ag BEEEAHM & A X RN RMHHE TRty
FEEINT SIC NYU—F Y 2 — VOIEREFEZ R T DO ERm WA Z T A4 X
B THo LR L Tnd, L LR b, miE SiC /Y —F ¥ 2 — /W I 3E E
TR, @mWBEVE, (R, mAREELERE S LTROBND, £z, Co-W-P -
ENEFEOEY 22— VH-ET e AZBWCHATE 200 b HERHIIHEE & 725, 22

T, Co-W-P Do X % F Y 2 — /LTl TX A aHEMEIc >\, FRRoBlSA CERT 5,

2351 EV2—VBRHICE XL DHE

AT CTHET LT B A X T A ADJER L BYRE R % Table 2.4 (27”7 [153], Co DEMVRE
KL, BV 22—/ OD o & Tl b ER H 2 Ni LIZIEFEFD 100W/mK TH 5,
F72, BV 2 — VIR SN D Ni Do & DERTL, IZATERDNEEE L T um T
BB ENZND, RWFET Ag BEREBEGMCBIIEEEMEZHBLL T2 Co DD - TR
—RAIIE NI O EEA LV b+, 207w, Co o EMMIZ LD EY 2 —/LEUR

PFUEALOBRAIIRFICE 2 < Tkt nz 5,

Table 2.4 Comparison of thermal conductivity

Co Ag Au Ni
Thickness [um] 0.1 0.5 0.025 5.0
Thermal conductivity [W/mK] 100 429 318 91

2352 A UETHEUARKENICE X A2
SiC NU—FEVa— /L TCEHAL v T TEEEZT HEE, AA v F o 7ROV — BT

(Vsuge) 2> SIC T DOFFRELELNIC/e D L O ICEE LR b7 [4], XU —J-E8 K
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F 1%, PWM(Pulse Width Modulation)/&#45 TR A A v F o ZE#EEZ L TRV, ¥ —> 4
v, Z—=r A 7ROBEBREARMAIMAY)PKRE, B 22— VDFEL U F T B 2D %
Liop & T2 &, X —r A 7HOHP—FEEIL, Equation 2.1 TR EN S, EIRZELERdi/d)IEA
DIETH DT, FHEA X T B ZAOFI(Lioop) & I (di/d) DOFE & B ET Voc &
OFNZFEY T B —VEBJEDNHAET H, SIC FBHILEEEIENFRERF T TH LD, LV
FER AL »F U TEEIC L B 8T —F Y 2 — VOBRREEA SN TN D, TDD
VB AR EELUNIZHET 5 72 DI21, SiIC ANT—F Y 2— LD Liggp & L D /hE<

T 5F Y a2 — /UERGE R ICEERE L > T D,

Vsurge = VDC - Lloop x di/dt (21)

FEA L E T 2 ZADKFN(Lioop) DINARIE, T ¥ /X0 X DA o H T B A(Leap), FERRDOA
VR IH A (L), NI =TS, ADFAEA U E T B A (Lmnes) ZE TTHERL SN D, BV 22—
VNEBDBIRERE & 72> TV DRIy BIR b A &7 2 o A %FoTHEY, FlZIEA Y
T TGA DL DI L ARDNAN—FHROH A X 7 # AL, Equation 2.2 T/RTZ &M
T, ZIT NHIRBROE S, wiEBRROME, tIXEROESRZ 7T, 005, FROF
A VBB ADR B RE IR TIL, BRAEEORMOEES TH Y, FAROIEE S

DIV INZ N DD [154], BLOKR S 2/ LTA &7 8 0 AR 5 )7k
WZIERAD D 5728, 0 FERAY 72K Lioop RIFS AR FH & LTI, AR & OBV D
INAN—PRZ T S, NAN—OHAEA VX7 2 AL VBACA VX7 B2 Aoy %
FHHT LT, BROTEA L Z 7 B RAERBT 5 HIER R TH 5, 20X 5 I2h
WA B 2 AZFHETHRA L L TCIRMRO R SOMH & OBIROMZ TEIE 5

EEEEREE OB NRREL, BBRORAZTAB—va AT LAERE LW EEZBNRD,
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L = 0.0002 - 1{In(2l/(w-+t)) +0.2235((w+t)/l) + 0.5} (2.2)

— 5T, B OIS ITRMREWE L TV DB A X T4 B = a URRERIC L - T
WA G2 DARENEZ OND, RERLIL, ®EEETERMERERNLLSE, &
THNEMEN 2 B — 2L D D TIE7e <, BIEOREIZFH > TN L9 BRBEDOZ L TH D,
KGR Z D &, BRI L BIROW AN S 72 OIRPTRRITE T2, S 6108
ROERHEM TERDTND 2D, HELTNDAX TS B —r a VOBKEIIOEEL 2T
KTV, FORKIFEOFRMEL LTI, BIREEED 37% & 72 5 T E TOREEH D O HHf
EREWTORBES § TEHRIN, ALK o, BEFE N, BEXIEHIE% T equation 2.3

THT LN TE B,

6= V2p/wpn (2.3)

BT, NIl Cu KLV bESIEHRD 6 fifm <, BN 100 ~ 600 f5m\ 72, REIRS
X Cud 1/4 ~ 110 FREEE THL 720, Ni o & THFE L7z Cu B BB EIC IV TR
THEIAEALT D LW ) EFI S & 5 [155], AMFZERFSRD Co & Ni & [F] U < SURAG 70 f:
ESETHY, BHEHEIL Cu LV b 250 5@ WFE A FFD [156], Co DEXIESTHRILNI & I12IF
FCThHDH, TDO®H, REZERSIT Cu LV &K 16 BAEE TES 2D, @A EERIT Ni
o & L RIS O TRHEL & W o oL R A LG D, RENEDSFELES L
R B LD EA TES AT, PR b BE LAY 74 ARG VBBEILRD EEZ BRI

50
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2353 EV2—NVHEETE~OBEAM

IEFEME Co-W-P - & 7 11 & 2%, 5 %1F ULSI(Ultra Large Scale Integration)® X 9 72t 7y
FHZBWT Cu EHDOANY T E LCBRICHEASEE R H D5 7 mE A TH D [157, 158, 159,
160], L22L7223 5, Co-W-P o> & SNTEHMDONRT —FEV 2 — L ofETnE A%, U=
N=TatERALTE R, fIIE, BTV - E T o XX, XA T X
F7aALBIREIE T v 2R 5H, Ag BEREEGM AW XA T Z v F T at 205
A, WERDITATZY 7a—7mt R L 15ED, BE%Z 200 °C ~ 280 °C T 30 43fE ~ 60 53fH
FEE OB A KZA T CIT2 OB—ITH D [76], Ziux, BEEIE7 mE 2 IcB W TH
HLTWLIEHEMOD - ZREN 7 Ly valtbDTERL, KA FTRIZT=—1r3h
TbDTHHI EEEWT D, Ag BEHEAGMOA X T4 B —va v & LTHLREESND Ag
Do ERLAUDSXTHIUL, BB THLINTEOIZZDO XS 7 =— LV TRIIMEIZR D
2, L, RBFE TR L7Z Co-W-P o ZIHEEE TITRW®, 2O L H e KA T
TOT =—)VIRND > ERKME EIZED LD L5 2 28 Do TRV, Co-W-

PoXDEYa—/L7 nk A AMEICE L X E 2 2MENLETH D,
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2.4 fEw

RETIL, @R SIC RT—F V2 — VORIURETH 5, WINE Ag Jekitt & OBAE
FMEL, A X RREE L OBAEVELZRIFFICHER TE DA T4 A2 RET L2 AL L
Too AXTARXDOFIEE, TYa— WHRmIET TR T NANA ANDRA X T A4 XHLA[HETH
D MEEMD > XIRICHEH L, BEMD - X A[RERERRA MRS, BEft Ag M & DG EHE
P&, A X RARBIE & OmAEEZ RTAICHE LTz, TORR, Co-P o> & & Co-W-P >
DN, WTI BB BERS Ag A EHMEE A I FREIEEEMEZRBLT 2 L0 ) Az A
HL7,

Ag BERER & DA A T =X 2B LTI, Co-P - & H DN E Co-W-P - & i ki
FAET D48 Co MHERS Ag L EHEESRIEAT 52 L2k - T, 45 MPa &\ 9 HEAN/E Ag
Ph & U CIIIERICE VSR 2 BT 5 Z L 03 o T, EMEINE Ag B <RI
720 BRI ANME(Q250 °C, 500 I W T H, SIREHEEOBLS CTHROLAETEIND Ag
S &L E RS EOEEE 2GR TE 2, & 5|2 Co-W-P ho XD Wi, Bl Ag & D%
1%, Ag BEREHERN ~IEELT 2 & W o T2V B i, Ag BERSHRR ORI R M & v 5 8l
RTH Co-W-P Do ENHIFFTE D Z Loz,

Rl & DFEHE A B =X MBI LT, Co-P o &, DT Co-W-P > & Kl FITIFLE
T 5 Co Kby, AU A I FEIBATH LRI 7 I v VB EALFRUS L T~ F & —)L
ftL, Co AZNEKiE &RV A I FEIRFICIZ S N2 AR AT K - THROBIIEE & 8L
EIRBLL TN D EHEE ST, BHIEEA R OTEL, 225°C &\ o 7o @iV T b ik
T RAE—/V REIRNOEERIE CTH 2RI 05 <, Ni 0o NilAu 77 v v =
o X dh L RIS OBIEE AL MR TE 1,

Co-W-P b o &%, BME Y 100 Wm - K F2E & BATF T, BEIZ LSI O3 8 Tk TSV @ Cu
BARDONY T AL NN E LTEBOBDL AL TA XN THD, LInLBRBL, TD X577

Co-W-P > & 271N T—F V2 — )LOEMICHEHT 5720121, TV 2— L oRET
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BROEBEL CGEAMEZRFT2XLERH D, Bl2IR, B AgEEME U —FE V2 — /1T
WHT25A, Bift Ag MICL 24472 v F TR, 32bbRAT, METT=—175
Z LN Co-W-P OoXIZEZ DB EZHLMI LTI 60, RETRHE L

Co-W-P > EDEY 2 — VEGETRA~OBEMHREICHE LT, 5l SHEHITTHEMT D0
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FIE  Co-W-P Do ZXDT7 =—/VBBIEERE
P~z 2

Effect of annealing Co-W-P metallization

substrate onto its resin adhesion
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3.1 XU®IC

Ag BEREHEAICHERE S5 B AR (Ag, Au)h > & SN EM TlX, £Y 2 — /L EinEvkic
ALRENE Ag B & OEAEEIEE A I NREHE & OFEEMEL FRIFRFICHER TS 20
EWVIOIHEATREN H o7, Lo, B2 ETHRHEY,Co-W-P Do X ZHMDO AL T A8
— ¥ a ITHWIUE, BINE Ag BERH & ORESEEMEL A X FREE & OBAMEOM 2
IR CE L2 ENRM STz, Co-W-P 5 XL, LSI D43 TIIBEICERE R & 5 Do 7208
[157, 158, 159, 160], /XU —F Y 2 — /LD H > & & L TTHREFIA 2, F D72, Co-
W-P 5 & &N\ —FEV2— LOMETER~ENT 2BROBEITE AR THL, £2T

RETIX, Bifk Ag BEA A RITEE Lo T —F Y 2 — L OREETREROBLS) D, Co-W-P o

W)

EOTEREBHGEZHAGNICT LI EAHME LT,

Figure 3.1 (TR T X 912, — RN T —F YV 2 — L ORGE TR TIE, RUICHE DX A
TEYFIENDY, £D%, T—/V FEIRICKD2EIETENR D > TSy I — LR %ET
T 5, RIFFETHRIG L L CWDBERE Ag MM F A 7 % v FHICHEA SN D 5E1E, BIE Ag
BERE R O — I 7R BERE SR CH D RR[ T TORMRT =—ABLEINL 2L &b, ZD
7o, B—/b REEE L7 1 X 2BV TUE, Co-W-P Ho EREIT Ly v af A X T A
A TIERL, BRICRA TR TTY =— VBRI NT A X T4 XL 72> T b, AgX Au
Do ZEDOHEITBNTE, BB THINPRIICKATTOTY =— /WL XD ER TN
Wrh LIV, L LR 6, ABFETRE L TV D Co-W-P - ETEARE TITRWni
W, RATEIRTTY ==L ENb 2 LIZL Do 2 RMEMOIC, T K D BIEREM
DOEANBEIND, TOTDARETIE, BINE Ag BEREM ORI BB SR 2HEEL
[84,76], K& T 200°C, 250°C, 280°C D7 =— L% fifi L 7= Co-W-P & - & Htk D55 51 %

AL, AT LR TOT ==L Co-W-P - X DOBEE AV G X 2B A LNIT 5,
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Fresh Co-! W P metallization Chi Annealed Co-W-P metallization

p
- Sinter Ag \- Sintered Ag
_ s | Hs s |
HS

Annealing at high temperature Encapsulation by mold resin
under air for die-attach

Figure 3.1 Example of power module fabrication process with sinter Ag bonding
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3.2 EBRFIE
321 B U AER

ARETIL, 82 BCHEH L Co-W-P L[RIED W &4 &(7 wt%), JEFA(0.1 um)® Co-W-P
WoxEMA L, F7z, Hill Co#(Co-103510, Nilaco Corporation, Japan) % bz & L CHE L
7oo MEEME Co-W-P - X 7t AL, HIRO D> X {EHWP-5, Uyemura & Co.,Ltd, Japan) %
FIWTROEFETHEM L7z F9° Cu Ft 2 v, MR EIC 5 um OJF X OB Ni-P
S & &L, K%, HEEMF Co-W-P H-> &% 0.1 yum DJE X Thi L7z, Co-W-P > IRk
1%, Co ZHTHI EE L7280 D Co*', W ZHTHI S 572D WO, iEIeH & LTD HPOy 225

RSN TV D, Co-W-P DiEILED - E S DILFH% Equation 3.1-3.4 (27”73 [161],

HaPO; + 30H — HPOgZ + 2H,0 + 2¢ (3.1)
Co?* + HoPOy + 30H — Co + HPOgZ + 2H20 (3.2)
WO + 8H* — W + 4H,0 (3.3)
HoPOy + 2H* + & — P + 2H;0 (3.4)

Equation 3.1 1%, i#7cA| CTH DRI U » FE(HPOY)DE LKL, Equation 3.2 (X Co?" MDiEJT
Fts, Equation 3.3 (% WO4> DT/, Equation 3.4 1% HoPOy DIETTGEZ R L TW5, %
T, WY U EE(HPO)DEE(KIZ K 0 BB 23 Bt S 41 % (Equation 3.1), VT, Equation 3.2 @
BICSUNT Lo TEJE Co MHTHIT 2, WO & HPOy DETTRIRNIEBEFAINIE Z 572
Co, W 7217 T72 < P bEIARM & L THr I S 415 (Equation 3.3, 3.4), AEDORTOHERRIZE
WTC, RZ7BEBAD Co-W-P b & &2 L1, KETOERTIEL Figure 3.2 |27, A
7 v 7 1 T, Co-W-P h> & STz Cu & KFETIFIHE T, 260 °C TV =—/L L, H
RIRAUIE A RET DRI EIT o Tc, AT > 7 2 TlE, ek Ag M ORERI 2R BERS SRk 2 48

EL, KA FTT =— VI AT~ 7=, 7 =—/VALERIZI, 1)200°C, 1 h,2) 500 °C, 1 h, 3) 280
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°C,1h D 3FEHOLKM 2T, AT v 73T, F2ETHEMLIELLOLFELERY 7 Iy

TR T IA ~—E LTHW, &7 =— VA% D Co-W-P - Xtk HIC®BAm L, &

N

=]

BCXaT7 %{Tol, LT, F2ECTHEMALLE TgE—/L REEZ 7V v » 7RI h

FUAT 7 —A L, BIEEERBR AR L=, X7 v 7 4 T, 225 °C D EIRFEHKN

TH WSR2 5206 L, AR LT — FOBlE 21T o7,

Step. 1

Step. 2

Step. 3

Step. 4

Cleaning process; |—s|
Anneal under
reduction atmosphere

Anneal process
for Ag sintering;
1) 200 °C for 1hr
2) 250 °C for 1hr
3) 280 °C for 1hr

Fresh Co-W-P

\
Plated Ni
Cu substrate

Annealed Co-W-P

N

Encapsulation process;

Transfer molding
after primer coating

Check of resin adhesion;
Shear test at 225 °C and
fracture observation

Mold resin

Prim%{ .‘/

Figure 3.2 Scheme of experimental procedure
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3.2.2 FHmART S IE
3.2.2.1 MR AEME O

RIRE 2 & VE O FEAM X, ATl O MRS A RER Aokt L, H— 87 Ub ¥ — (EMT-5kNV-30,
SHIMADZU CORPORATION, Japan) % FH >, 225°C O EiRFZH AT, Imm/53 O A Wik FE Gl
BB AT oo, HRMOT =2 I3HAK 5 B L2 BUS Uz, BB AEEONER, 52

B L [FRROITIET, Wi OBIERRR & BRI BT o 72,

3222 WWEERA DT

T AW D4 T ORBTIZxE LT, BT O N F MBI 21T o T, BRI, v A
7 1 A 2—7(KH-7700, HIROX, Japan) &= F\  CfT o 72, F£72 1 SO 1% LTI, ikl
&2 YER U CREMHT 5 728, £ D FE-SEM #1%3(JSM-7100F, JEOL, Japan) % Jl# &£
20 kV I TIT o7z, S HIT, MW > 7V OREEGEFT 2 R E T 2 72012, RO J51E Tl
SEM B OB ZFR L7z 5, Mg otk e 7Y v 7ROE—/v FORE
mflz Pt 2 —7 ¢ 7 Lo, 2L, %64 285 & BiIEE A RER A OfE 2 Xl
THREDOETH D, VT, BEHRO T vy THllE & ko2 BHAabEL, £
DA T — 7 TEER, TARF UBARIC L > TOMLE L, Wi SEM Bl i & LTz,

Wi SEM #1%£21%, SEM (JSM-IT100, JEOL, Japan)% FA\ N CHIEHELE 10 kV THEit L 7=,

3223 MEHLATORA & T 4 AREREDOHHT
Co-W-P o EEA~DT =—/LVOHEE, &5 LT =— /LRMDEWRIEE A IS 2
LWBEEIWT DI, T =—/LEIZD Co-W-P - X FEDIFEERIE, RiEIIFET DT
SEOERINT, RENAFET 2ILEWDILEIRIEIT 21T 572, Co-W-P > T REDIEHE
&

JCHEERELSHTIZE L ClE, SEM(JSM-7800F, JEOL, Japan)Z f\>, JEFEE 5 kV, i

AN
\d
N
&
&
[\o]
z
S
w

PECOHT L, SERERMDHCIL, BIBO XPS O —~f A%y
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VTR SIS Co, W, P, O, C D 5 TR ThoTolod, D 5 R ITEH L TERS)
HrZ&17 > 72, SEM ONIHEEFMAICE L TiE, B HRORARI D Co-W-P > ZEDJE A
O1umEL FERD K5, THIO NI OE— 7R 7202 & 2R L bii#Ea1Tu, N
WEE 5 kV, WA 7 A 2kV OFEEZRA Lz, EEICHFET 2LAWOLFREICE L
TI%, XPS (VG Theta Probe, Thermo Fisher Scientific) % FAUNT, A & T A R Hbu £ HIAFAE
L TV B LEW EALFERER % 08T LTz, XPS ORIE, FTSIFIXROE Y Th 5, B X R
IR EAERR ) Al Kasource 2 i L, X B AR > FEIE 800 x 400 um(FEH ) & L7z, HAIC
Y= 2 Fx U TEMSHT ATV, FHH LRI LTI e —2F v A(RESIN 21T 272,
N7 757 RiX Shirley EIZ K> TELGIWE [141], foiefr—RFx LAY
I /L% Gaussian/Lorentzian 1R G BE 2 W CTRIEDBEAIT o 72 [142], MG TR /LF— Dk
HfliX C-C, C=H(RIEAKF)H KD C1s=284.6 eV & L TITo 70, & E— 7 OIRIBIZIEATICR

LHRAELUTo T,
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33 MREEL

331 T =—%D Co-W-P o & LOWIEEERE

Figure 3.3 |27 =— VALELA #ED Co-W-P 8 o & Fablk & i Co AIZ x4 2 225°C TOMIRE
H iR B2 7~ L, Figure 3.4 (ZHIE# &R D Co-W-P 8 - & Hitl, #fl Co Hr L DRk Wrifi
DEEWEEEE A7~ 7, S 512, Figure 3.4 D CIEE L2V 7 b a b, d ICB L TiE, T
Wrim o> M SEM {4 % Figure 3.5 (2, Ml O Wi J7 185> & O Wi SEM 4% Figure 3.6 127~ L
72

%7 Figure 3.3 & Figure 3.4a, e 22D 03% K 912, 7 =—/LALER /2 L DA D Co-W-P
> E 5, i Co B &M & O F i DFEAETRELNL, £ OREEE — RORIIR/ A Z /L HAR ] D 5
i HIEE Tl <, B—/L NG CREE T 2 RRIC 21258V 2 & D5l T E 7o s E b 15
MPa LA ETH Y, 52 ETilkam SN BIEREEREOR R EFARTH L Z L 2R TE T,
kWi o2 i SEM {4 (Figure 3.5a)7> 5 1%, ki Oz mNE—/V REIETHDH Z &0, £
—)V R D 7 4 7 — DAFAED BB C & %, F 72k O Wi SEM {4 (Figure 3.6a)7> & 1,
Co-W-P Do ZHEMIZARY A I KT T A ~—, T—/L FEENREE L TV DHZ EBRHEGETE
TEY, EEITIE—/V FEENTH D Z ERH LN o7, ZOmWBIIERETRED,
%2 B Ciam L7 Y, Co KM E T I A ~—L LTHEMLTWEAIRY T I v 7LD

EZBOSIC Z W TERR S NIZ AR ITERE L T D £ B X bILD,
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g é ¢ ? :
e T e e 4% -------
<
5 !
B L0 frmo o
w
g
T e
O 1 1 1 1 1
Co substrate Co-W-P Co-W-P Co-W-P Co-W-P Co substrate
plated plated plated plated
substrate substrate substrate substrate
without anneal after 200 °C | after 250 °C after 280 °C
for1 hr for 1 hr forlhr

Figure 3.3 Average and standard deviation of shear strength of molded resin on Co substrate and Co-

W-P plated substrate at 225 °C after different foregoing anneal process

O

shear
| Y=

Cu

Observation

€ V)

Figure 3.4 Fracture surface image on the substrate side after shear test with different foregoing anneal
process: (a) Co-W-P plated substrate without anneal, (b) Co-W-P plated substrate after 200 °C anneal
for 1hr, (c) Co-W-P plated substrate after 250 °C anneal for 1hr, (d) Co-W-P plated substrate after 280
°C anneal for 1hr, (e) Co substrate without anneal, (f) Co substrate after 280 °C anneal for 1 hr
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K\, Figure 3.4b, Figure 3.3 7> 5, 200 °C1 h K& FC7 =— /LB % L7z Co-W-P > & K
BICKE oMIEEAERE D, 7T=— LR LOBELEDLT, TOEE— R/ A ¥
VMR OFIBETIL/R < B—/V FEIIBEE CTH 572720, +I0mWZ L DMRTE 1o, ik
Wrimi o> # i SEM 4 (Figure 3.5b), Wit SEM {4 (Figure 3.6b)7 5 &, MEEE T E— /L Nl
WNEETdH D, 200 °C TT =— /L E {17z Co-W-P o X HMi & 7T 4 ~—HitlE, T—/ Nt
IRERKEAE L TWD I E PR TE D, L L7223 5,250°C, 1 h<°280°C, 1h &\ o
TS B LT =— VL% L7 Co-W-P 8 - X LM, Co #IZBI LTI, Figure 3.3 725437
% & O ITHIIEEAE TREE MK T3 DM MR S 7z, 250 °C, 1 h 7 =—/LVILER L 7= Co-W-P
o X HEROBLEIL, BIIREERE L L TIX 15 MPa UL EOEWWIRE ZHEFF L TV A2
(Figure 3.3), Figure 3.4c 7> 5 % ORIEET — FidE—/ L FEHE OREEMIEE L 2 X )V E/ 77 A
~— RO REHBEDIRIEET— R~ L TN D Z PR TE D, 2D & 5,250
°C TY =—/L &7z Co-W-P Do ML 7T A ~—Hlfl§ & OEAETREDTIENALT L
TWDZENRBEND, X5, 280 °C, | h 7 =—/VALEL LT Co-W-P o> & ERDOLGA
I, B — RITTERICA Z VT T A ~— R O i #2221k L (Figure 3.4d), & O
HERREE H 15MPa LL FIZIK 95 2 & 8300 o 7=, BRI O 35K SEM 4 (Figure 3.5d)2> 5 1,
WoEELEbNA A X NVEHNBEHL TND Z ENbND, Wik SEM 14 (Figure 3.6b)
Mo Y, BIEREFN ZNETOE—/L FEIENE S ITRRY, AZVERERY A I FD
FRECTHEEL TN D Z NN o T, BT ORRED A Z VBN ERET 572012, i
Wri% O FER A O Wi /717 C SEM-EDS 7 A > 3 217 o T R & Figure 3.7 [T~ d, il
DR OE—/v FEEHI(Figure 3.7a)D LR s R b, E—/L RMANZ Co Jt38 D H T
O BTN oI, — A X IVEENRFE AR (Figure 3.7b) D 5t 4G 52> 513, Ni, P, Co Tt
DR S, A X VERREICIE Co TEROE—7 BB INTND Z &b, EE— RiX
Co ARV A I ROREHBETH D Z LB LM o7z, Thbb, K& T 280°C, 1h &

ST LWT =— )VILBIZ L 5> T, Co-W-P H-oZXRKEHERT A I ROBEMMETLZZ
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EPHEHITE D, LLEDORERN D, BIIEEERTIC Co-W-P - & iz K&K FT7 =—7

L858, TOT == /VREBRELL S &, BIREAEMENMET 52 Li3mnol,

SEM observation
of fracture surface

}

Substrate side

Figure 3.5 Magnified surface SEM image of Fig. 3 (a), (b) and (d)
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@

Fracture surface

Coated Pt layer

Cross-sectional SEM
observation of fracture specimen

Mold resin
~

PI primer Co-W-P plated substrate

(d)

Mold resin -~ '

o PI primer
" Mold resin Coated Pt layer p

Pl primer Co-W-P plated substrate Co-W-P plated substrate

Figure 3.6 Cross-sectional SEM image of fracture surface of the Co-W-P plated substrate and mold
resin with different foregoing anneal process: (a) without anneal, (b) 200 °C anneal for 1hr, (d) 280 °C

anneal for lhr

Figure 3.7 Line EDS result of cross-sectional fracture surface of the mold resin side and the Co-W-
P plated substrate side in Fig. 5 (d): (a) mold resin side, (b) substrate side
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332 T=—%D Co-W-P o X BEREHDHHT

Co-W-P b5 X FEMA~DT =— VLN, Z DOt OMIRE S A KT W72 5K %2 i3
L, T=—/VHIED Co-W-P o MR E DOIEREEILE, R EEMTEITo72, £7
7 =—JVHi, &7 =— VILEE% D Co-W-P & - X A E m O/MEL5 H % Figure 3.8 IZ”7,
Figure 3.8 >0 5 X 912, 7 =—/VHEID 2 /L 3—H&(Figure 3.8a)72 5, 200 °C, 1 K 7 =
— VRVER|Z > TH T A TIZ(Figure 3.8b), 250 °C, 1 KRl 7 =— VAL Gl X 0 BAfE 72 42
\Z(Figure 3.8¢), & 512 280°C, 1 FFfli] 7 = — VLR A 9~ % & FH (41 (Figure 3.8 AT 5 =
ERNDI T, T =— VAERIZARTT L T2 Co-W-P ¥ > & LM ORI 70 8 B 5 05 B, Co-W-

POSEFENRKTT =— /M Lo TMIbSN TV D ZENHERIS N D,

(a) | (b) | (c) (d)

N /4

Figure 3.8 Appearance picture of the Co-W-P top surface bfore and after different anneal process :
(a) without anneal, (b) 200 °C anneal for 1hr, (¢) 250 °C anneal for lhr, (d) 280 °C anneal for 1hr

T =— /LRIt D Co-W-P > E RIEIAFET % Co, W, P, O, C JLH D E AR IE V4 i
J 572, SEM-EDS /M1 & 1T - 7= B % Figure 3.9 (27797, Figure3.9 225, WHFho7 =—
VEAFIZBN TS Co-W-P 8- & Sk il LITAFIET 5 X Bdi e & B c#IE Co ThHDH N,
T == VSR K0 mIRMIZEL L < 72 HIZ0E > T, Co-W-P O - E Kl LD O TLRDOEN
FILTHEA TS Z &R nhole, 2O ENnD, 7 =—/WIRENEIRIZAR DI, Co D
L SEATWD Z E R HEE S LD, — T, WItHRIE7T =—/L72 L & 200 °C, 250 °C 7 =
— VDAL Co-W-P > X K LI S 72723, 280 °C, 1 B¢ 7 =— VAL BRA% 1346 1

STV, ZOZEND, e b ERMIHGEL TV W LR S0 ERIZ, Co
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DEALIED R L TV B IREDSHERN S5, WIBHIEEEERH 5 2 LN 2 BOMAT
S0 TNDR,W Do XK L TOFIEREN 1.5 atomick 2L THDH Z & &, W MIFE
L720 Co BRITEW T 280 °C, 1 WF[E] 7 = — /LALEL % ISR B A TS AME T L2 2 & 2
F 2% &, Figure 3.3 [281) D BIIRE AR O NI, W OFEABICER T2 O TiEawn

LEZBND, DFEV, Ho &M LD Co DERLIKFENR R Y A I N & ORiEE A VEICBIR

LTWo EHEES LD,
80
70 -
60 |-
O\Q 50 I~
2 40 |-
IS
2 30 -
<
20 -
10 |-

0 Initial 200 °C 1hr 250 °C 1hr 280 °C 1hr
mCo 72.93 62.32 50.59 35.36
=W 1.47 0.87 0.78 0.06

P 10.39 7.20 4.15 0.08
m0 8.36 23.91 38.35 59.94
mC 6.85 5.70 6.13 4.56

Figure 3.9 SEM-EDS analysis result of Co-W-P metallization before and after different anneal

process

T =—VHE D Co-W-P - X R DREBIL 21T 5 128, FKifi SEM BIE2 21T > =ik
% Figure 3.10 (27797, Figure 3.10c 2> 5,250°C, 1 RE R ICHEED 23D - L I2H T 0
(2 L CE Y, Figure 3.10d 725, 280 °C, 1 BEEI#21Z1%, S MIHEED RO - K LI
RELTWD Z Enpginole, TOH-o X RKE IR LICHEMIZ, 7 =—/LHi1< 200

°C, 1 K] 7 =— /1% D Co-W-P 8- & K FICITBILE S 4172 > 7= (Figure 3.10a,b), & D
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72, Figure 3.9 OB oM R L OFECTERT 5 &, ZOEEMIL Co DR LY & HEE &
No, DED,Co Db EHEE SN DEEDDBES N TWRNWT ==L 72 L, HDHWN
1% 200 °C, 1 FEfE] 7 =— VLB DA 1T, Co-W-P h o> & LR U A 2 R T 7 a5 i
NFEBL D D% L(Figure 3.10a,b, Figure 3.6a,b), Co F{t¥) & b s Bl s
72 280 °C, 1 Rl 7 =— VILBR DY 61, BHIEE A IRE L9 <, Co-W-P Do & LR Y A
R CHIBEN AT D Z & A3 B T 72 - 7=(Figure 3.10d, 3.6d, 3.7d), & 512 Figure 3.5d
X RD &, [AERD Co B2k & b 2 B s il 2 D Co-W-P D > X R HIT B2
INTWVWAHZEBHERTE T2, 2D, T=—Z K> THIE L7 Co DREWIZR Y
A X REIBEE L LIS TE T, Co-W-P o &K & LA EZMTE RV & HEHI X

b,

(b)

(o)

A

D 0

Figure 3.10 Top surface SEM view of Co-W-P plated substrate bfore and after different anneal

process : (a) without anneal, (b) 200 °C anneal for 1hr, (c) 250 °C anneal for 1hr, (d) 280 °C anneal for
lhr
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T == VDBV L D Co-W-P - T EMRDOEE T, &2\ EH Co HRDFEE Db
FREOBFEBNE ST D720, T=—N7e L, HEREOT =—VRIZBIT 2 & FERD R
(6 ~ 7 nm)D XPS S & 4T -7, —_A AF ¥ Lo TR SN EHEIE, 7T=—
72 L, 200 °C, 1 F¥f#] 7 =—/LALERD Co-W-P 8 - & KM T, C, O, P, Co, W, 250 °C & %\ M
280 °C, 1 ¢} 7 =— LALFRD Co-W-P > & FMR TIE, C,0,Co ThH o7z, Co i TIET =—
NAEIZRPD 59 C,0,Co ThoTe, WTFNDRAL T A ZHMUZIBWTH Ni X° Cu LHIE
R FRR(0.1 atomic%) L T CTd - 7=, Figure 3.11 (245 Co-W-P b > X AR EH D F 11— A F
¥ AT R J(Oxs, Cozp, Wap) & £ D ¥ — 7 S3BfERE R %, Figure 3.12 (245 Co tZR D F v —
A X ¥ AT (O, Conp, Wap) & Z D E— 7 S3EERER 27T, 7 =—/L72 LOEE, Co-
W-P & 5 & HARD 01y A7 PV bl Co i d Oig A7 Fbd 531.2 eV OALEIZ E— 7 A3
HY, ZIUTFATLED S Co(OH), & I8 S 41 % (Fig. 3.11a, Fig. 3.12a) [146], Co ik & Co-W-
P 8o EHARKHED Coyp AT MWL ELL 777.8 €V, 780.4 €V, 7822 eV DALEIZ 3 DD
E—27 R L, JATSCHRD SR 777.8 eV O E— 27 348 Co TH Y, KV D2 DO E—
71 2 flid Co, AEDHEIE Oy A7 L DFE RN S, Co(OH), & HEE S 5 (Fig. 3.11b,
Fig. 3.12b) [147], W I3# Co M TITM I S 47, Co-W-P D o X JLh D A T = 1u7= (Fig.
3.11c, Fig. 3.12¢), 7 =—/L72 L@ Co-W-P 8> Z Fh & #li Co BILHITmWAR Y A 2 Mgt

B TR A 7~ L7223 (Figure 3.3), T AUEM AR R I HLITAFAE L TV D Co(OH), &R U A
2 RRIBEIR & OALESOSIZEERT 5 D & B 2 Hivd, Figure 3.11d,e 7> 5, 200 °C, 1 R 7
== %D Co-W-P - ZHMEEIZH T =—/L72 LOBGE L [FFRIC Co(OH), 23 ERS &
LTHIELTWD Z &34 ho 7=, Figure 3.3a,b, 3.6a,b (23T, 200 °C, 1 B[ 7 =— /L%
D Co-W-P 0o E RN T =—V7g LOYE L RIERIC 0 2 BHIRE A TRE 2R BLTE 2D

i, 2olHtEZLND,
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Figure 3.11 Narrow scan XPS spectra of the top surface on Co-W-P plated substrate after different
anneal process, (a)-(c) without anneal, (d)-(f) after 200 °C anneal for 1hr, (g)-(i) after 250 °C anneal
for 1hr , (j)-(1) after 280 °C anneal for 1hr; (a), (d), (g), (j) Ois spectra, (b), (e), (h), (k) Coyp spectra,
(c), (D), (1), (1) W4t spectra
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Figure 3.12 Narrow scan XPS spectra of the top surface on Co substrate itself before and after 280
°C anneal for 1hr, (a)-(c) without anneal, (d)-(f) after 280 °C anneal for 1hr; (a), (d) Ois spectra, (b),
(e) Coyp spectra, (c), (f) War spectra

ZD—T,250°C & DV E 280°C, 1 B[] 7 =— /L4 D Co-W-P > X M F [ D XPS A
N7 MVET ==V LD D ENRRY RigoTe =7 IRE TR LTz, £ 015 A7 hb
1%531.2eV TiX72<,529.7 eV DALEIZER O E—27 NSz, O — 27135017
Bk 5 CoO lZIRIE S D, F72 Coyp = War A3 R LD, 250 °C & 25\ 280 °C, 1 K]
T ==&, @8 Co X WALEWDO B — 7 I3 FIRUUT Lo 7z, 2R HDOREDN D, 250
°C &%\ 280°C LW o7tk LT =— LALER#L T, Co-W-P 8 - & D FICHFET 5
LAY D ERSTIEL Co(OH), 75 CoO IZEL L TWDH Z &3 yinoTz, S BIT Fig. 3.9, Fig.
3.10 DFERLPFETELRE ST DL, £D Co MBILHDEIMNT, LVELWT =—A & HTHD
280 °C, 1 LR D SR ENZ L N HEE S D, F D78, Fig 3.3, Fig. 3.4 IZ81F 5 250°C
T =—/Lfhk 280 °C 7 =— /LB T DBIIEEEREDOZEL, RV T Iy JBERISTE

720 Co BBLIEDIE LD FETHEK L TWA EHEES NS,

79



333 TN OBEEEBERT DA =X 4

LLEDFERMN G, 7 =— V&3 L < 72 DIZHEWY, Co-W-P 8D o & DORHIEHE A5 T 23K
TFLIEAB=A L% Figue3.13 1I2F L5, £, 7=—LA72 LOYA, H5H\IE200°C, 1
Ref & W\ o T2 B~ A )L R 72 7 =— VA OH41%, Co-W-P - X EflZ Co KEE{L,
&g Co, PALEW, WILEMIPFEL T D, 2D 95 b, Co KERILMNIT T A ~—ImiK T D
RYUA X NHIKK, TRDOLRY T Iy 7BELFROCT HZ LN TE D, £DD, 77
A~v—F 2T TRTIE, 1 I MEEISIC X D @EIMHEVR R Y A I FIEBTER SN D & FIRFIZ,
Co-W-P 8> K & DFHITT SN D ARG L - TRELRBEENEIT D, —7,
250 °C, 1 W], 32V ME 280 °C, 1 K§fi] & W5 72 KV ik LW T =— VILER D5 1F, Co-W-P
o EREMOALNES, Co BALIENFEE L7z > T REKREL 0D, Ho T KEITHEE
L7z CotIET T 7 A4 ~—ThH DRI 7 I v 7B EALFOET H 2 LN TE RN, 7
TA~—F 2T TRETIIA I MERISD BB, Bt 7z Co-W-P Do E HAR & AR Y A

T FENC e sl RE 2R TE o Tlo B A BND,

Before anneal 7 el
== Co(OH), or Co & 1O

\&/ | %'
0, (0]
e WO, or WorPO,orP 0 R caaaa N
( ¢
& C
Plated Ni layer 7 GOR &%,3 2\N< é\&“o o
A
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HO % (‘::O
|
Co 9
777‘7T Co
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Figure 3.13 Image of estimated mechanism
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3.4 &

RIETIE, BEfE Ag BEAMICL DX AT 4 v F LR CTHLER KRR T TOT =— VLR,
Co-W-P 8 o & S DOBIEEH A M 5 2 2 B2 60T 572012, REMR Ag BERES
R 487E L, 200 °C, 1 IR¢fH], 250° C, 1 F§f#], 280 °C, 1 el DT =— LALERZ L 7= Co-W-P 8>
EHME FHNT, BIIEEAETRE & ZOMEE— FElE L, TORE, 7=— 1 Aafsi
72 Co-W-P - & Ffll EOBHREAETRE L, 7 =— L HIZH>ERED Co ¥ & DRLFERAL
ENTVAENICKRESBEBIND ZENDholz, T =—VEHITEIFT 5 Co DML L
WL, 7T ~—Toh bR A I NHIBRE L ORISITIERT % Co KERLIN, - & ik
M EICHFET 2R E B2 52 5, Bl21E, RKF 200 °C, 1 K & Vo 7zt~
ANV R T =—NEBETHIE, o X REORITHEL TIER L, »o T HRFMITITEK
SRE LT Co KEBREMAFAEL TWD T2, +ICMUVBIER EREZ I TE 5, Ll
RIND, SLIZEIROT =— VA TH D 250 °C, 1 K & 725 &, o ERKE OB LI
Fr, FRMNAFIET D Co KEELM AT D72, Kt & o FLifi 05 75 58 B 1L 5 IR
T9 %, £LT280°C, 1 Rl & W o 72 EHITH LW T =— VB OLA1E, RV T Iy
i &ML F UGS T E 220 Co b3 oh - T ki BIC—4RICPEE L7RBL s> TLE D
728, BHIRBEMRE AT D2 ENTERY, TDT0H, K Co-W-P > EFARIZINT
I, 200 °C, 1 IRffE] & Vo 72 FEERHOARIR CRERS FTREZR BERS Ag #2568 TRRUITAUE, Ag BEREHT &
DOHELIFHENE & FIEBR & OBAEMEE WL T H I LR TERY, ZOXO 72 Aghifi 7 rt
AGMEOHIRINL, EMBRT —F P 2 — /L~ Co-W-P & o & Bflf o0 b AR BH 2 il B L
TLE 9, 2D, Co-W-P o & Z KX D EIFITT H720121E, 7 =—/VIRE DI

PAEFNTE D X 9 REBLIEZ AT 5 Co-W-P Do XN LEIZ /D LEZ BND,
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4.1 XC®IZ

A E TICH O L= XL 91T, Co-W-P o XX, TOEMH LICFET 548 Co 2 Ag
Befshf LA T &, —HCRm LICHFET S Co KEIEWIEA Y A X REIRRTBEMA & G T
T D72, Ag BERER &L DEEEYEL A I NREE & OBAEMEOWNL MG TE 5, Lol
NG, T Ag B 2 AT 2 Y 2 — VRIE TRAZMEET 5 &, #dih0 Co-W-P -
SR IANEE L TR Z T 2 DS, Ag BERM OF AT 2 v F TRIZBW TRK FmiE T
T = END, ZOT == VM, HERE TR Co-W-P o &% L CIEIER ICEEE
TH Y, 200 °C, 1 KD X 9 e bbigiy~ A L KRB S ChL, 207 =— LV TRE#ZIC
BWTHD o EEKMA LIZ Co Kb A FRAFTE, AU A I NEARRTEEK &+ im\ R
HEEFEBTE DHH,250°C, 1 FEH], 850 %280°C, 1 ] &\ o7z L0 @iROm LV T =—
JLEEATOND &, o T REBPIAL S 4L, BilE & ORUSICANEMEZR Co Bk THE DI
L7, BREEBREMET T 5, £oT, FEOEV 22— /ETm XA E2EE LT Ag
BEfRGHT & OBEEAEHENE & EHERIE & OFAEMZ TN 5 720121, 200 °C LL T ORIRBER: 23
AIREZR Ag BERM 2B ET 2 2 EBMEITR D, BIE, Ag BERSHEOMITEZ S DA —T1 —,
TR CHFZEBIRE S TE D, WIS H 150 °C H DML 180 °C &\ 5 KIR TRERS AIRE 2
Ag BERM HHRE SN TWD T2, (RIRBERS FTREZR Ag BEREM 2 8ET 5 2 LIXFTRETIEH
%5 [84]. LINLZRN G, B < D Ag BEMMFEL, &2 a— /URELEREL L, =
A N OB CRERM B 2 RBINTE 212D LT, FA 7 vt ZREO LR SRR
ROBIKIZ 2T D Z EITLEE LW [76], 72— T, Co-W-P > Z K DOFE{LDOE
SORRE LT, BRIBEZEATLIEND HIELBEZLND, Iz, KFETT A<
\Z& > T CoRIEMITAIRE Co IBTTTED EWVIMEN SN TS [162], LLARARS,
1 TR T & W ) APEEA~DERES, T AETHAKRETS T AVMELTLES 2 &
~OBEBEL D, FNPZIT, Co-W-P > ENEMEVST —F 2 — /LD A X T A

A& LTRSS HERTED L IICRDTDITE, T=—AFEOHIKIZEMTE D L9
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IRERACTHTED 8 % Co-W-P - XA RD b D, BIE, %< O Ag BERSMEINHFIET D
D, B OARERZRBERRIE X 250 °C TH D, Lo TRETF 250 °C, 1 BfH DT = — W ALEEIC
it 2 #5% Co-W-P - ZHAR AT CEIIL, #hx e Ag BERSM DX A 7 4% v F 7t R
M FIBEIC 72 5, Aliprando © & EL-Dahshan & XZ40E 41, Co-W A4 D W I A N <
5L, Co-W OFALEENELS 725 Z & i LTV % (Figure 4.1, 4.2) [163, 164], Z D
Finh, AZERHRTH D Co-W-P - SO WIREZHIMSEL Z L T,250°C, 1 K]
DT == VP OEAL AT L, T30 ROBHIEE & IRE 2 MR TE R0 E W D ATHE
PERAET D, T ZIT, Co-W-P > XKD W 50 &N T =— /VHORBLHEST =—
N DORBINREEAETREICE R DL ONCT 2 2 LITHFERICHETH D,

KBFFETIL, Co-W-P > EHIKDO W R—E > ZREZ Z W E TOEHETH - 72 7 wt%lZ
XL, 11 wit%, 21 wt% & Hi=° L7z Co-W-P - XA /ERLL, 250 °C, 1 F§f#], 280 °C, 1 IFfH &

W T2 LW T =— LALEREE D Co-W-P 8- X OBHIER ERE 2 AT 5,

W Co
0 1050°C
Am (107g/em®)
A

DS.

I
==

0 4 8 12
Time (min®)

Figure 4.1 Weight gain per unit area vs. square root of oxidation time at 1050°C fore pure Co, pure

W, directionally solidified Co-45 wt% W, and as-cast Co-45 wt% W alloys
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Figure 4.2 Oxidation kinetics of Co-W and Co-Cr-W alloys at 1000°C. (a) Co-W; (b) Co-Cr-7.5W

(c) Co-Cr-15W; (d) Co-Cr-30W; (e) Co-15Cr-W; (f) Co-25Cr-W
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4.2 EBRFE
421 B IAAER

Table 4.1 (TR T LIS, WEHEDRAL D 3 FIED Co-W-P - XA L=, 1D

WIL, W EHEDN Twt%?D Co-TW-5P T D, Z D Co-TW-5P - ZHKITE 2 =, B3 ET

Nz Co-W-P - X LRI LMD S DTH D, 2 2HIE, W EHEDN 11 wt%?D Co-11W-5P

Thb, 308I1F WEHED 21 wit%?D Co-21W-3P Thb, W EHELY EEHT % HH

FKIEREATHT- L A, Do TFEOAREE & REIREEDE S G, Z0 21 wt%hs EfR &

Wr L 7=,

Table 4.1 Bath composition for Co-W-P and Co-P plating

Metallization name Co-7W-5P  Co-11W-5P  Co-21W-3P  Co-5P  Co-3P
Co?* ml/L 500 500 500 500 500

Plating solution ~ H,PO?* mli/L 90 50 18 50 9
wWo,* mi/L 100 100 200 0 0

XRF results Wcontent wt% 7.2 10.8 21.2 0 0

as plated Pcontent ~ wt% 5.2 5.1 2.9 5.1 3.2

Thickness as plated um 0.2 0.2 0.2 0.2 0.2

Co-W-P 8 - Z KX, Co ZHTH S E D7D Co?t \W AT S 572D WO, iETT

A& LTD HPOy M HIERLEN TV D, Co-W-P DiEITL8 » & Db % Equation 4.1-

4.4 277 (1611,

H.,PO, + 30H — HPOgZ' + 2H,0 + 2e°

Co?* + HyPOy + 30H" — Co + HPO3? + 2H,0

WO42' + 8H* - W +4H,0

H,PO, + 2H* + e — P + 2H,0
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Co-W-P o X FIKIE, Co ZHTHHSH D7D Co?t W AT EH L7200 WO, iEJt
# & LT HPOy 2> BAER STV %, Equation 4.1 1ZIRITHITdH 5K Y BR(H,PO,) D
Feb S, Equation 4.2 (% Co?™ MDiZEJT /X, Equation 4.3 13 WOs> DiRIT L, Equation 4.4 (%
HPOy DIRTCLZ R LTV D, wANT, KLY U I(HPO ) DER(LIZ KL 0 2 i Sh
% (Equation 4.1), #t\ T, Equation 4.2 DIEJLISIZ K> TeJ&E Co 2T %, WO &
HPOy D& IESITHE RN Z H728, Co, W 7217 T/ < P bEIESRM E LTI S
% (Equation 4.3, 4.4), Table 4.1 (275 L 912, Co-11W-5P & Co-21W-3P IZB T, tho &
o W R Z B3 72012 HoPOr DIRE 2K L7z, £ DGR, Co-21W-3P [ZF W\ Tl
D sd - ALK AER LV b PIRENAEIMR T L, 3wt%53 & 72572, Co-W-P > & H1dD
B2 P IRENMOENZ 76T RIREME S & 5720, tRERTIC Co-TW-5P, Co-11W-
5P Dt & LT Co-5P, Co-21W-3P D fbi#g & LT Co-3P & Hifii L7z, MHEM Co-W-P th o X
7 A TR OB TEM L 72 [165], 77, Cu FEWR & FRYER, HAR IZ Sum OE S O
fifg Ni-P - & ZJifi L, /KBEf%, Table. 4.1 IZ7F Co-W-P 5 Z i, Co-P - X iR%E FHWNT,
FNEN02um DRI CHEMD > X & L7z, ET-BIEEAERRICHK T ik LT, 5
2ETHWE LD LFE—HELD N/Au 7 7 v ¥ 25 &, Ni/Pd/Ag > & i L7,

AEBRTIL, Co-W-P DoZxHhd W EHED, BiR7 =—/L 7 at 2%&5F 7= Co-W-P &
> EEMRD 225°C TORBNEEAENEC G 2 2 ELRHET 5, REOFERFIEE Figure 4.3 |2
F L7z, £, Ni/Co-W-P, Ni/Co-P, Ni/Au flash, Ni/Pd/Ag |Z & » THEERD > & =2
DAZTA = a VMR EKFRTFAK T 260 °C TT =—/VLH ATV, o T iRK
I O HIRBALIE A BRE Lz, RIS, W B HFEORRZ 3 T O Co-W-P - & FARDOEHEIZ
TAET D W B, REOFEEZTHND72DIC, SEM-EDS D &17 -7, £ Loz
AN D 72T XRD 98T 24T 2 12, RIS, Ag BERGH O F A 7 52 » F TR 2M87E L, 250 °C,
1 R5f, 280 °C, 1 RO T =— L& KK P TIT o7 A X 74 M &, ke LTT =—

LTWRWAZ T A ZEMMEHEf LTz, T=—NRO{HAZTA B = a VERISH LT
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(X, K O/MBBILE, TREBLEE, LRSI, (LEWIREEIIT AT o7, Z LT, ThENRD A
BTARFR B, 5 2,3 BTHWZLDOERUARY A I NIRRT EZ 774 ~—L L
THAT, 2T 21TV, SHICHE2,3ETHNW L0 LR UEMNEE—/L REEL 7V v h
Yy TRIC T A7 72— LT, MR & TR 2 /ER U 7, BHIR%E A5 1L o0 R I &

225 °C FRPHAT TITV, MW LRl E — R 2ot L7,

Cleani - Anneal process Encapsulation Fracture analysis;
eaning process, | | corresponding process; Shear Microscope
Anneal under ] . Lo ] . ™ test Surface SEM
reduction atmosphere to Ag sintering; [ | Transfer molding es urface SE
1) Without anneal after primer coating Cross-sectional SEM
3 ggg :g Ig: im Mold resin Shear Observation
Fresh Co-W-P Primer ./ .<:| v
Annealed Co-W-P \ — —
2 I B
- Observation
Surface analysis; ---> W

—>| Surface SEM/EDS
XPS, XRD L]

Figure 4.3 Scheme of experimental procedure
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4.2.2 Gl
4.2.2.1 HIREEE MO

IR BB MEOREMX, AT OBHE S & R A2k L, Y —=R 7 L¥—(EMT-5kNV-30,
SHIMADZU CORPORATION, Japan)% F\ >, 225 °C O @&IRFZHS T, 1 mm/4y [ O AW
THEGABR AT o 72, 1 AKEOT =2 ITTRE 5 U EZ TS Lz, BHEEEMEOHIED,

552 TLRIBRDITIET, Wl OBLIERAR & ERRE ) AT 7,

4.2.2.2 REWTERER A Do

AR O 4T ORBR AT LT, B O BB 21T o 7o, BlERII~ A7
7 A 22— 7 (KH-7700, HiROX, Japan) & W TIT o 70, F723E L72akBrR A 1Tkt UCid, mkibr
[ A LK L CRERMIZ T 5 728, 2110 FE-SEM #122(JSM-7100F, JEOL, Japan) & Jli# & £
20 kV I TIT o7z, & DI o 7V ORSERE T 2 K5 & 3 2 72012, Rk O J5 1% TWrif
SEM B OFRER F Z2AF R U 7o SNSRI 2 D il & 7Y 1y AR DE— ) B OfillEr
mflz Pt =2 —7 ¢ 7 Lo, ZhUE, B OEIIEEIET 5 =R R & e A A
ORI & 2 XKBT 5720 DIETH 5, el C, W07 U > B 7 RE & HAR O %
HGbHEL, £oREL T — 7 CHEER, =RF BRICL > TR L, Wi SEM #l
2B L L7z, Wrifl SEM #1223, SEM (JSM-IT100, JEOL, Japan)Z i\ CHNEEE 10 kV

T L7,

4223 BHEEIERTD A ¥ T 4 XEROEREHHT
Co-W-P > & D W GHEDENND - X RO T =— Lhitk ORIEBEEMEICE 2 5
WL ERT D720, KB AX T A XIEROFHOILRER LR, RHIIFHET D TEDOEESL

M, HEEMEAT, RIEIAFET DB OILFEIREBIIT 21T > 72, Co-W-P - T KHDIEHE
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BIE3(SEM) & 35 E B0 HT(SEM-EDS)IZ B L T, JSM-7800F, JEOL, Japan % f\ >, HIEE7EE
5KV, WirsA 7 AEE 2KV ORMETHEAKEDT =— VAHERTRIZI W T LT,

JLHRE BT TI, iR XPS 3T DH—~_ A 2% ¥ o THafH 472565820 Co, W, P, O,
COS5ILFEThHoIT2h, D5 LHRIHEH L CERGITEITo T2, RKEIFIET HILHED
RN Z XPS TlE72< SEM-EDS TiTo 728 & LTI, 0 nm &V 9 M i & o0
T 5 XPS DA, T 2 REDOIBRICKE K BEEZT D720, T =—/N#%, Co-W-P
S TRFMEIZ Co MALMIMPFEE L TWD XD RREDERICITHES RN EBZR LD TH
%o D128, SEM ONNEEILESMIL, B ROBRAREZ D Co-W-P - & RO K HITHF(0.1
um)PA T & 72 B X O ICHFRNCTIEE ATV, IEEEE 5 kV, WA 7T 2 2kV OFMEBEHAL
72

W REDER D Co-W-P > R, P IREDHRRD Co-P o & RO E AT X
XRD(RINT2500, Rigaku) %z FIVNTIT o7, it X #RiZ 50 kV, 300 mA O 24T CuKa #r %
W XRRIEHT S 2 — R BT FE(20)28 20 ~ 120 COHFIPHIZ BT, 3 °/45 [, 0.02 D 7
Uy 7 TEE LZ, B —27 OIREIL, AT ERAE L TiTo 7=,

WCHFEIET DA OIL2IREEIZES LTI, XPS (VG Theta Probe, Thermo Fisher
Scientific)Z T, A% T A ZEMREREIZHFIE L TWDHILEW L AL FfEEREE T L
7zo XPS DHIE, fENTSAIEIEIEROEY Th 5D, BST X BRLHRS &5 6 Al Ka source % 1
L, X #RAR > ML 800 x 400 um(FEHTE) & LTz, £7°, h—A A% ¥ o CTEMIT 21T
W, FHILRICKH L TTFr =A%y L ORESINEITo T2, Ny 7 7T 72 R, Shirley 1%
IZk o TELIIWE [141], BbIizFn—R2F v 27 kL, Gaussian/Lorentzian {5
Bz W CTRIE S BE 21T > 72 [142], # 6= 1/ — DRI, C-C, C=H(ERAL/K#)H

KD Cis=2846eV & LTIToT-, HE—27DIFEBIL, LT EMBAEL TiTo 72,
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43 FERLEH
431 WEHEBDRRRD Co-W-P - X DEEIREE & TR

%9, Figure 4.4 |2 3 FEFHD Co-W-P > X A DT =— VALEERT DAL B L F il SEM
%% "4, Figure 4.4 NO00 0 K5I, W EHEDRRD Co-W-P - = HARITSMEL EITIF)
FRIZERE T DEW B 72V, — 7T, Co-TW-5P & Co-11W-5P O F i SEM BIXIZIZRIEED
REEHEE 7R LT23, Co-21W-3P ODREILY L—F —D X 9 e fik & o 7= e 2 R e
R Lz, TORBVIEIZIL, 2 DOHANREZHGD, 1 D1, Co21W-3P (2B TIE W i
JE Z LT I OIGE A TH DRI Y U ER(HLPO) I D L2720, 8t - & UG DOET
DI S A, Bipoloho EREGREL 2ol mEMEREZE 2 DD, B 1 DI, Co-21W-
3PIFFRY 2 DD Co-W-P b & & EE~THLA L P IREDME S, KV FEEE R Co - E ik
EROTWVDAREMDR H D, WTHICLTYH, £DO &5 HET, KEFRIZEIT S Co-W-

PHoXDWIEBED ERIT 21 wt% & 72572,

Figure 4.4 Appearance and top surface SEM view of 3 types of Co-W-P metallization specimens at
initial: (a) Co-7W-5P, (b) Co-11W-5P, (c) Co-21W-3P
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WIZ, W EHBEDORIL 2 3 FIEHD Co-W-P o & FARE H OAI(T =— /LD XPS /347
fE % Figure 4.5 (27”59, Figure 4.5 1%, % Co-W-P > & FAK D O, Conp, War DF 17— 2 F
¥ UARY MV EZOE— T FEERERZR LT D, O AT MU Co-W-P 8
S THEMITBNTY 531.2 eV OALEICE—7 BBV, ZIUTHIT LR S Co(OH), (2178
SN 5 (Fig.4.5a,d,2) [146], & 51T, Coyp AT R I T D Co-W-P 8 - & FAIZFBWT
4, & Co lZIfE &I D 777.8 eV DB — 7, Co(OH), (2R )R & 41D 780.4 eV, 7822 eV D 2
DD Y —7 %~ LT (Figure 4.5b, e, h) [147], &JF W HD WL WOLIZIRESLD E—7 B A
FRIZ 3 FEEHD Co-W-P 8 - & HARIZIB W TRIERICHRH S 47z [148,149], iU H DFERN G,
Ag BEREM & OBERIZHE 28 Co, £ L TAHRY A I REIBEE & OIS HE 7R Co KERL,
Y D7 3 FEERIZ Co-W-P 8O- & Kifi LIFEL TV ST, W B AEDORRD 3 FfHD
Co-W-P - EHARITT =— 722 LOBAITB W T, [FRRIC Ag BEfitt & e, KU A

I NEOEAENERIT L Z ENHFTE D,
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Figure 4.5 Narrow scan XPS spectra of the top surface of Co-W-P plated substrates before anneal:
(a)-(c) Co-7TW-5P, (d)-(f) Co-11W-5P, (g)-(i) Co-21W-3P; (a), (d), (g) Ois spectra, (b), (e), (h) Cozp
spectra, (c), (f), (i) War spectra

%12, 3 D Co-W-P 8- it HICTFET 5 0ED

E

E.

AT EAT o 7oA R % Figure

6 12T, HAHITEILXPS DY —A A%y TR &7 Co,0,C,W,P D5 THETH

D, KA T A ZRIREENAFET S L S IO TTH D

4.6 oM BH LD

, WDFOD Co-W-P - X HHIZ

& F T atomic% T# it L 72, Figure

BOTH, XEIHET D EHRIT

Co TH Y ,70atomic%ll L TH o7, Co-7W-5P, Co-11W-5P, Co-21W-3P D> ZFKH DO W

DIFEEIX
S EEMERLCEX TN D Z L 2R T& /=, £72 Co21W-3P @ P BT TAE

Mmole, FHH(T == L)IZ

BIF5H 0 CDOEMEREIC

12, 14,23, 6.1 atomic% & £ 72 o THR Y, JHV i@

93

D, WIREDRS Co-W-P

0AEICIK

B EEII o T,



80
70
60
50
40
30
20
10

Atomic% of Co, O and C

Co-7W-5P

Co-11W-5P

Co-21W-3P

--Co

72.17

71.89

75.53

9.20

11.13

8.83

6.71

6.95

7.15

1.42

2.25

6.10

10.50

7.78

2.39

Figure 4.6 Elemental analysis result on the respective Co-W-P metallization surface by SEM-EDS
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432 WEHBEDELRD Co-W-P o & OfEREEDHT
WEH RO 5 3D Co-W-P 8 o X JEOMEIEMAT(XRD)DFEH % Figure 4.7 127~ 7,

Figure 4.7 DAff/R% — )35, Co-5P (X7 E/N T 7 AEIETH D DITKE L, Co-3P [ Ik it
EThDHI ENshoTz, Sheikholeslam ©=° Kosta & 13, P #RED 1-3wt%FEE D Co-P 1L
J fE G Z R L, 6-11 Wi%AREE O PRI/ D L TR 7 ARG EZRT I LA RE L
TWDDS 166, 167], SEIOFEFRIZEN D OFREREFIE LWL RFERE VWL D, Co-3P
@ XRD /3% — % hep fb s (RS 72 {100}, {101} D E—2 &R L1z, —J, Co-11W-
P [X Co-5P LHRRICT BN T 7 AMEETH D Z L Wb o7z, Co-W A0 ) 5
D—REY 72 AR T, WIZHEIR TiX Co ICEE TE 22V, £ 212, W 1% Co Db IEIC
REBREELGZ2NEBEZBND, —75T,Co-21W-3P |% Co-3P & [AERICAK P IR
L7 hep fmmti&E 2~ Lo, 2 2 CHEHETREE, Co-21W-3P @ hep{100}, {101} D &°— 7 {if.
B2 Co-3P DZNL Y BIEAEMZT 7 L TWDIHRTHD, T, Co-21W-3P Dbk
EOHEMENS Co-3P DENL Y L RKEL o TNDH I EEBEWT S, T7bbH, Co-21W-3P
X, JRAFERROKRE 72 W D Co ITHE b o I [EHREARIC R > T D EHEE S LD,
OBBIIIEF ITHRIR O, 22872 5IE, Co-W B DO EEH I CIE, W IXH1E T hep @ Co #%
B TXEAE T, 1471°C OEIRIZT 2 2 & T fee O Co FEMICERT D & SN TN DH 272
[168], HILT W 7% Co IZEIETE TV OHRD A N = A LDV TUIIARHEED, FHEDL D
WA TIE, B Co-W O - X ZBWTHRBEOB SN RE SN TWD [169, 170], LA EOkE
R, Co21W-3P 1E, 7E/NT 7 AEED Co-TW-5P X° Co-11W-5P & (3 F# 72> T

D, Co-W DEEER L 7o TS Z L3 oo,
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Figure 4.7 XRD patterns of selected Co-W-P and Co-P plated substrates before anneal: (a) Co-21W-
3P, (b) Co-3P, (c) Co-11W-5P, (d) Co-5P
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433 WEFBEDENRD Co-W-P Do E DT =—VEDOBIEHEERE

AL TAB—2 g VERDOT =— VALE ] OG5 58 R O 5 R % Figure 4.8 127
T Fio, BHEEE— N2 HET 5 72 OIS MEWTRRER - D HAR N 0 Y6 FBAI SR 5 5. % Figure 4.9
R LT, R T2 L0 EMICRE T 2720, —HoRE LBt s LT, &
K L7 SEM 4 (Figure 4.10) &, W& T O Wi SEM 4 (Figure 4.11)% Bf% L7z, Figure
4.8 & Figure 4.9a-c 72553735 K 912, 3D Co-W-P - & FEMIIT =— /172 LOBAITE
W, W EH BICIERAF 22 <R U A 2 RFHfIE & O8Il CRWBAREZ R L, ZORE
T— RiXE—/V FEHEN CORMEMIE CH - 72, Z iU, Figure 4.5 THEZR L7 L 912, 3 Fll
? Co-W-P - &K LIZIE, KU A I FRIEA & OILFERISIT TR Co KL DAFAE
LTV ZLIEoTHIITE S, DEYD, WEHEARIZERR S, Co-W-P > i Lo Co
KEBBAEBARY T Iy 7 EIS LTI T Z—fb L, RU A X FRHIEE A X2 T A XK
RN LA REE DTER S T 72D, BRSSO T2 <, T —/v REENHD
THSERMBE LI L B2 DN D5, TOBIREARE LIEE— NI, N/Au 77 v v abo &
DOEGA EIFIFEED LWL TH 5 2 & 23, Figure 4.8, Figure 4.9a-d 2> iR TE %, LavL
72785, 250 °C & % UNE 280 °C &\ Vo727 =— VALEEAS S 1L7- 354013, Figure 4.8 & Figure
491, g, i,k 250D K 91T, Co-TW-5P & Co-11W-5P Ot EAEME XML T L, AlgET—F
HARY A I FHIIEE Co-W-P Do ZMDFIFEE— F~E 2t LTz, ZORKEIE, 53 =T

m L7y, iR TOT =— VILEIZ XY Co-W-P o RmMPMILI N, o &K LI
iR L7z Co BRALM S AR U A X RREIEME & FUSTE R0 LIS D, —75 T, Ni/Au 7
T vy ahoEOYE, 250°C H5H)NE 280 °C T =— VBN SN GEICH W TH,
B — NITE—/L FBHIEOEREMIE CELIT R <, +aITROBHIERERE LRI T 5 2
LWLy oTe, THUE, BRRED Au 7T v 2l KD T =— VI LD Ni OFR{EAH
FITE VDL EHERISND, ZD XD, FHIRTOEILEIE L OEEREMHEE VD B

MTIEN/AU T 7 vy 2o X TENLTWEONHERTE D, TOO,N/AUWT T v
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Do XORETH D, BINE AgBEfits & DBAEBMLHR TESIUINVAL T 7 v v a2
o> & T Ag BEREBEEEOENE L B L OBAEMEZ W L, ®INEVE Y 2 — L OREIER
FEMEZ R T D HIE D ERIR T& 5, &C, Figure 4.8, Figure 4.9h 7553725 X 512, Co-21W-
3P 1% 250 °CT 1 Kff#] 7 =— /VALEL &2 LI B 67, +o 2RI E A& iR 2 FE 8L L
72 Figure 4.10h OREKIER DO SEM 405 1%, T—/V FEHEATBE L WA Z N7 4
—DIFEN LR TX, F 72 Figure 4.11h OEWRAOWIE SEM S0 51, 7=—/1LEhi-
Co-21W-3P o EHMERY A I REE—/L FBIRIZZNENREER S BHF LTV, £
—/L RBIIENER TR L TV D Z L3RR T& %, ZHUT, Co21W-3P - & (E, KA T
250 °C, 1 FfHOEMLER 25217 T h, LD Co-W-P b - ZHp & 13700, AU A I N &
DV RBEENERB L TNDEZ L E2RL TS, L, KK T 280 °C, 1 ] O ZLEE
T T8 E1E, Co21W-3P o ZHAR M Co-W-P o A &L FERIZKRY A I KEw
o ZHA O R THIEET HEENTT & 72V (Figure 4.10k,1, Figure 4.11k,1), < DA ORIER 5

FE LT L TWD Z & ARSI LZ(Figure 4.9), ZHHDHRD A B =X LB LTI,

B PO O O L .

1 -

O Average

Shear strength [MPa]

5 [T Standard deviation ~~7777TTTTTTTT I T
0 1 1 1 1 1 1 1 1 1 1 1
without| 250°C | 280°C |without| 250°C | 280°C [without| 250°C | 280°C |without| 250°C | 280°C |without]
anneal | 1hr lhr |anneal| 1hr lhr |[anneal| 1hr 1hr |[anneal| 1hr lhr | anneal
Co-7W-5P Co-11W-5P Co-21W-3P Au flash Ag

Figure 4.8 Average shear strength and standard deviation of molded resin on the respective

metallization substrate before and after each anneal process
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.Shear test
Observation

J

Figure 4.9 Fracture surface image on the substrate side after shear test with different foregoing
anneal process: (a)-(e) without anneal, (f)-(i) 250 °C anneal for 1hr before primer coat (j)-(m) 280 °C
anneal for 1hr before primer coat; (a), (f), (j) Co-7W-5P, (b), (g), (k) Co-11W-5P, (c), (h), (1) Co-21W-
3P, (d), (i), (m) Ni/Au flash, (e) Ni/Pd/Ag

SEM observation
of fracture surface

¥

Substrate side

(1)

Figure 4.10 Magnified surface SEM image of Fig. 7 (h), (k) and (1)
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I

Cross-sectional SEM
observation of fracture specimen

“_ Mold r,eéin

_

PI primer<,

Cu Co-21W-3P plated substrate

(k) (N

Coated Pt layer Mold resin Pl primer

oy

Co-21W-3P plated substrate

Co-11W-5P plated substrate

10pum
—

Figure 4.11 Cross-sectional SEM image of fracture surface corresponding to Fig. 7 (h), (k) and (1)
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434 WEBEDELRD Co-W-P Do EDT =—NV#EDOREHHT

T = VLR, W G ED 72 5 Co-W-P o X ORIRE AN B722 - TV Iz JRIK % B
SEMNCT D720, KT =— LVALERE D Co-W-P b » & AR DOERIEHE A /34T L 72, Figure 4.12
(1%, ST > TV O IMBL & eI TRIEE L T2 B E &2 7R, Co-TW-5P <° Co-11W-5P, Co-
5P, Co-3P T o X INT-HMITNT LD 250 °C, 1 DT =— VALBRIL 1L, 7 =—/LRID
R B AT (Figure 4.12a,b,d,e), 280 °C, 1 FFfE] 7 = — VALBRT% 1L F A ~Z 4 L 7= (Figure
4.12f,g,1j)e ZOBERIT, FIFETRLEINTBREFLTHY, R FTOREIRT =—/1Z
EoTwoEEKED Co DIEEbNER, BELTNWDLEEZEZXBND, —7T, Co-21W-3P D
Do EEMRIAELLE, ARICR R >T7o Db AR L, Co-21W-3P (3, 250 °C, 1 RyfHj L
% HITITWREAZHERF L TH 0, 280 °C, 1 K] 7 =— VLB IZ TR AIZE @A LT, Th T
HAMD Co-W-P > X HMMOF AL ITHAONCEREOETH T2, ZOLHIZT =—
JVALERGG Db > E R OGO/ 5, Co-21W-3P [Xfthdd> Co-W-P & 5 Co-P H o X

R ED BRI T TOT =— VBT L TR MED & 5 Z E M HERI SN D,

(b)

5 mm mm - 5mm

2AMIAD

Figure 4.12  Appearance picture of Co-W-P top surface after different anneal process: (a)-(e) 250 °C
anneal for 1hr, (f)-(j) 280 °C anneal for 1hr; (a), (f) Co-7W-5P, (b), (g) Co-11W-5P, (c), (h) Co-21W-
3P, (d), (i) Co-5P, (e), (j) Co-3P
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Figure 4.13 (213, Figure 4.12a-c, f-h [Z/R L TV D - X K E D SEM 8% 7~ L 7=, Figure 4.13
735, Co-TW-5P K> Co-11W-5P D& - X K lE, 250°C, 1 K] 7 = — VALERAZ 2/ N & < Al 7e
Fefe 233681 L T3 ¥ (Figure 4.13a,b), 280 °C, 1 BR[| 7 =— LALEfE L 72 % &, & SICHAIEIC
FEf s oo &K LICHE LTWD Z & A3 RS C & % (Figure 4.13d,e), ZAL & [A UBIGRN
BIWETHRILTRBY, o XKE EITHE Lz ZOBEMIL Co DBt TH D Z L
DhoTnDH, —HT, Co2lW-3P [T LTI, &7 =— VA% b - &Rl LIZED X
9 7RI R B 7R Dy o o (Figure 4.13c¢,f), D F D 7 =— VALEH Db - & Kl EOIERE
ZEALDENND S, R T ERT =— /VAEH D Co-21W-3P OEELIZD Co-W-P & - &

R E TR S TWD Z ERHEIS LD,

Figure 4.13 Top urface SEM view of CoW plated substrate after different anneal process: (a)-(c) 250
°C anneal for 1hr, (d)-(f) 280 °C anneal for 1hr; (a), (d) Co-7W-5P, (b), (¢) Co-11W-5P, (c), (f) Co-
21W-3P

T = VLB SR K A4S Co-W-P h o X, H DT Co-P Do EDRILD L)L & EE

6T 2720, Ko EEKH RITHET D O st D E(atomic %)% iE #5341 L 72 (Figure 4. 14),
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Figure 4.14 775, WO ®H > X HRICB W T, £l ETHRE SN O tFE &L, 7T=—
NERIEDER L < 72 21223 TE L THEIN L TV 2 D353 %, F 72 Co-TW-5P, Col 1W-5P,
Co-5P, Co-3P 2R LTI, Z DL L~IVICHEENRWZ Lo T, 2, Co-TW-
5P, Col1W-5P, Co-5P, Co-3P D& o & HhlE, 7 =— VALEZOREOEHRIZIEFR U Th -
722 & LG L7a\\(Figure 4.12a,b,d,e), — 5 C,Co-21W-3P il ED T =— VALER D O It
FET, 250 °C, 1 FFH 7 = — VALEEF£ 12380 T, Co-TW-5P <2 Co-11W-5P D47, 280 °C, 1
RFfE] 77 = — VALBRIZ 12 38\ T, Co-TW-5P X° Co-11W-5P @ 250 °C, 1 ¢ 7 =— /L ALBR % & [A]
LLULTHDL I ERDIoTz, Zih Figure 4.12 THERR STz 7 =— VALERE DAt D
A & —Ec9 % (Figure 4.12a,b,h,d,e)y T4V L —HOFERI D, Co-21W-3P - X [EO KR T
T == VR OFR{KIE, D Co-W-P - & 5\ X Co-P 8o Z R & Hlk L Tl =
i, @o< W EHEATHNDZ LITHLNTHD, DFV, RO XS RIKFHDEBEZBND, &
A, 250 °C, 1 B¢ 7 =— VAL DD > T FEDORAL LIS U T, 4 Co-W-P o X
il ED Co(OH), DIFEREEN R/ > TEY, TOEWNKRY A 2 NiHlE L OB ERE D=

WICHBEERTWDH EWNWH Z & Th D,

70
= Co-7W-5P
60 I = Co-11W-5P
= - Co0-21W-3P
g 50
@
S 40
G
N 30
L
5 20
<
10
0 - 1 1
Without After 250 °C After 280 °C
anneal anneal for 1hr anneal for 1hr

Figure 4.14 Detected content of O element on the respective metallization surface after different

anneal process
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SO A ED H 72D, T =— /VILER% D4 Co-W-P - XK LIT/FET H{LEW
IRAEE XPS /0HT CTHHA L7z, Figure 4.15 (21, 250 °C, 1 B[] 7 = — /LALERES D45 Co-W-P D
S EEREHDFT B — A% % AT R (O, Cozp, Wap) & Z D E— 7 S3BlfE R 2R LTz,
250°C, 1 B[] 7 = — VALER % D Co-TW-5P & Co-11W-5P D8 - & K T STz 01 A%
7 NV, 529.9 eV DALEIZA A Y OE—I7 BB Y, ZIUIRY A I FEiBE L OO 3
B L7200 CoO 2B & D (Figure 4.15a,d), F72, RV A 2 FEIBKA & OS2 B 54
% Co(OH), (Z5%4 3 5 /3HfE e — 7 (531.2 eV)IE T =— /WVALER I LT\ D Z & 73 Figure
4.5a,d & Figure 4.15a,d 2" HLHERTE D, D72, 250 °C, 1 B} 7 = — /LALEE D Co-TW-
5P, &% \WME Co-11W-5P O o> EHARIIARY A I R& DF|EREMEL, RY A I K& Co-W-
P o & & OSE THIFET HAEE— R Th o 72 & IR T X % (Figure 4.8, 4.9f,g), — 4 T,
250 °C, 1 FF[] 7 =— /LALELH D Co-21W-3P D Oy A2 kLI, 250 °C, 1 FE# O 7 =— LAl
HRET & [FIREIC, 531.2eV DALEIZ S 7 —27 238 0, Co(OH), MK & L C 1l sy CTIEE
LT\ 5 Z & 2357 7= (Figure 4.5¢, Figure 4.15g), £ 72 Coyp A7 V2B §,250°C, 1 K
FOT =—NEZE THLIZHED LT, &8 Co BMKRE LTHFEL TS Z L3R T
& 7= (Figure 4.15h), >F ¥, Co-21W-3P [ 250 °C, 1 Fffli] 7 = — VALER R 235 1) 2 BR L O LT
Z M T & TE Y (Figure 4.14), 7 =— VILBIZIZEB W TEH Co-W-P - T FKii LITKK &
L T4&J& Co, Co KEALMIMMIFAEHI R TER Y, ZDHR Y A I NRIBME L L FRIGT 5 Z

ENTE, TICHRVBIIERE A BEZ BRI TSI EMRTE 5,
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Figure 4.15 Narrow scan spectra of the top surface of respective Co-W-P plated substrate after 250
°C anneal for 1hr: (a)-(c) Co-7W-5P, (d)-(f) Co-11W-5P, (g)-(i) Co-21W-3P; (a), (d), (g) O1s spectra,
(b), (e), (h) Coqp spectra, (c), (F), (i) War Spectra

Figure 4.16 (213, 280 °C, 1 K¢} 7 =— /L ALEEH% D4 Co-W-P - & SRR m D F v — A F
¥ AT K015, Cozp, Wap) & E DV — 7 S3BERE R A7~ L7=, 280 °C, 1 ] 7 = — L ALEE
%D Co-21W-3P - XKl T E L7z O A7 MU, il Co-W-P - & L[AlEE,
529.9 eV DLEIZA A L DOE—T BV, FEL TV D EREEWD Co(OH) 725 CoO 12
25k LTV /= (Figure 4.16a,d,g), Z D XPS OFERIE, D Co-W-P - = L 0 & E(LmHEN
% Co21W-3P - X IZHEWNTH, 280 °C, 1 Bl 7 =— VAL DR D A 2 R & OEAER
FEIHET L, filid Co-W-P - & DIFE LRERIZARY A I K& Co-W-P 8- & D 5k THIEE

LTCW=Z & &G < HiHT& TV 5 (Figure 4.8,4.10k,1, 4.11k,1), O F Y, Co-21W-3P O
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Figure 4.16 Narrow scan spectra of the top surface of respective Co-W-P plated substrate after 280

°C anneal for 1hr: (a)-(c) Co-7W-5P, (d)-(f) Co-11W-5P, (g)-(i) Co-21W-3P; (a), (d), (g) Ois spectra,

(b), (e), (h) Cogp spectra, (c), (f), (i) Was spectra.
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435 FRE WEH Co-W-P o Z (T X BELMER LD R U =X A

i Co-W-P h o X L3 F7e V) Co-21W-3P o X HMR DA KE T 250 °C, 1 K &9
FELWT =— VLR TS 2 b, B—/b FEENH CHEE T 2RIV Y 4 X F/Co-W-P
o XM OBIEEAERE LB L2, T, Co-21W-3P 23Mlidd Co-W-P tho X L Lz L T
AREICERALIEN 52 Z L ITEE L TR Y, 250 °C, 1 RO 7 =— VILEZICB N TH T =
— /LR E AR, E DD o> &K RIZ Co KBEMNERE LTEDLTFEETETND
ZETHBAEND, T IT, Co21W-3P o & DHMMLD Co-W-P - & LV bENT-F(L
Mtz A+ HERHIC OV TELET 5, Co-21W-3P 23> Co-TW-5P <> Co-11W-5P & Hie 7
FIERELS 3% b5, 1 DHIEEW W EH &, 2 5 BISfESE RS, 3 DHIX Co-W
DOEBUEER L oo TNDHZETHD, 1 DHOEWW FHEILW EHRERDRZ S Co-
TW-5P & Co-11W-5P (2R W TRALINIEIC A E AN R0 T2z, AEIZRBH T s
EZBND, 2 OHDOREREB D WEIT ENLT 7 AL W oG EOEN Y, FidE 7 Co-3P
LT ENT 7 AMEIED Co-5P 1T W TRMUIMIEIC A BN 2o 72T, AERYREH T
TRNWEEZBND, TR ZIZ, W T2 Co M fb P B L CREA L T 5 B
[EVAR L 725 TN D Z L SRR EOARER R TH D LB 2 HND, FEEIZKAT
SCHRZA D b, 1400 °C & W o 72 @il CREVE S 872 Co-W G4:1E Co HAS W HR L b Lk
HENELS 720 Z ENME SN TV, F72 Fid b6 (Equation 4.5, 4.6)0 543715 X
I, Wi Co &V bMBAZBNLLT, BHET v X —L LTRES> TV EEXLND

[171]

3Co0 + W — 3Co + WO3 /G”

—121.4 ki/mol  (4.5)

2C00+W —2Co+WO0; G’ = —105.4kJimol  (4.6)
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Z D7, Co L0 HEEFEZWIN LV W BB E K & 72 > T Co AsbiEENICERY
IAEN, Co DT HUCFEEL TND Z L Co DIRbEES T5 2 LICHBRTE T 5
EEBEZOND, LLARRG, —fIZH BTN D Co-W DOECEM I OBLE TIE, WILH
IR TIE Co bl EE TE RV, ZHICHEADL BT, AUFFEDEEM Co-W-P - ZZH1
T W AERT Co IZEE L TWD Z SIFEFICHERENHGE TH D, JHELBHE LTV
5 X OIZEMRE Co-W o X ZE W T HEHANEFRESHE SN THWDHUMbH L Z &

Mo, ZOEBEHZTIO > T u v ARAOERLETH L MRS D,
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4.4 FE

KRETIL, Co-W-P Do ZXHDO W EHEE T wit%, 11 wt%, 21 wt% & H°9 2 & T Co-W-P
W o T OFLMEZ ) b S, BERE Ag M O— i) Ze Bifs T T 5 KT 250 °C, 1 el &
BN 280 °C, 1 B O 7 = — WALERZ 2V T, Co-W-P > MM KR U A 2 NigflE &
DEFEWEEDLTRITE RO EFE Lz, TORME, W EHED 21 wt% TH D Co-
21W-3P 8h - &%, KA 250 °C, 1 BEfE] 7 =— VALBRZ ICRB W T, KIRE L THRIU A I K
G &+ mOBHIEE AR EZ BB TE L2 e brolc, ZOAN=ALTIROEY TH
%o Co-21W-3P o XL, D Co-W-P - & LiFE - Tl 7 =— /LHICE L E N E <,
BALTEZ A LT\ D, 207, K& 250°C, 1 K7 =— VILBRZIZ W T, o X
R D Co OERAITHNHE L, Co KL N Tk & L TIFETE TN D, Ho TR L
D Co KEEALWIEARY A X RETFMA AL IE L T~ 7 Z— (b5 2 & T, Co-W-P H o>
SEMm LA EELERT D720, HO0ICBOEIEEERENFKEET 5, WEA &) 21 wi%
TdH D Co21W-3P o & DAHFRICTHPENFEER LB & LTI, ZOMEIZBNT, W 23
Co S EIR LT EHAEVRIR E /e o T D Z SR LTV D EHEE ST,

AWFFEN D, Co IlZ W & [EHVR 72 Co-W-P b~ ML+ 5 2 & T, %178 Ag BiE
WM OZAT Hy FIRTOT ==V bMMAGD LNV OBLEEZ B S5 2 &2
TX, BEOEY 2 — LV TRIEH L CHE IR & OBEMZHERTEZ 25 Co-W-P Hh o X
ZBAFE T E 2, AMFIECTRRE L7 B L ED & 5 Co-W-P o X%, — XA NNt Ag it
T DBERESAETdH 5 250°C, 1 BRI D 7 =— VARSI 215 5 728D, 1E & A & D Ag BERS

MZBEHTE 5L 912720, Ko B ORISR ATEIC 72 5,
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HE5E  Co-W-PHoZXDOEEEWSELNE
f5 Ag & DBEAMHICE 2 DR

Effect of high W content in Co-W-P metallization

on bonding reliability to sinter Ag
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5.1 IL®IZ

FAETIL, AgBEREEREMOX A 7 2 v FIRTRKQF TOBUHZZITTH, £DH%D
FAE & TR COMEE AR 2 IR TE 5 & 57, BEittED&H 5 Co-W-P - Eflk 4
B Uiz, £ ORER, W 25 Co (Z[EY L 72 B E RO Co-W-P D - E B IR LHNHIZ)
RNBHY, —MAIREENNE Ag BERH O TR TH 5 250°C, 1 KR DO T =— VLRI B
WTh, o TRKEOEBLAIH S 4, BIEEERELHKRTE D ZERH LN o7,
Z DOEHIUEFRIK D Co-W-P - & (Co-21W-3P)i%, #52 3 T Ag BEfidf & OB BN 2 &
AE L7z Co-W-P 8 5 X (Co-TW-5P) & 1%, W &1 &, i, Co-W EE DA M & £k x 72 1T
RIpDOHZIETHD, TDOTD, WEHA R, ffEE, Co-W B DA M) Ag BEfits & D
PO BRI DR BE 5 2 70 b O TRITIUE, Ag BERM & OBEAEIENE & mmEVEIE
L DFEM TN LTC@EMMENE Y 2 — V&2 FZBLT 5 Z LT TERy, AT, & 2 &,
% 4 T CTHWIZAHRE Co-W-P H o &, Co-P HhoZZHAWNT, Co-W-PHoEZD )W HHE, 2)
B, 3) Co-W [EIADOAHE, NEINERERS Ag M & DHEAEHMICE 2 5 E 2 b

W22 &z ARE LT,
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5.2 EBRFIE
521 HrIfER

52.1.1 A ¥ 74 XBEAMROIER

Cu MDA X T A XL LTI Figure 5.1 IR T THEOD > X 2 e, 2%, FH3E
THWEbH O E[E—#EK, BEEDO Co-TW-5P, 0.1 um, % 4 B CTHW = O & [F—HAK, FEE
@ Co-7TW-5P, 0.2 um, Co-11W-5P, 0.2 um, Co-21W-5P, 0.2 um, Co-5P, 0.2 um, Co-3P, 0.2 um 4
WD - AW, Ag BEREBEATEICKTT 2 0o ZREOZDZT Nol & No2 Db
D, W B HEOZDFEEIT No2 & No3 OGN G, TENLT 7 A5 WIEHEmE & W
S T AEIED FZDREEIT NoS & Nob D LI )N 5, Co-W EAIK DRI Nod 1D HEETE D,
CuF > MUl > E & LTI, Ag BEfiM & OBEERIED A ZBE LT NI/PA/AgD > & &
Wiz, 72, 2no0H 7Otk l LTI, 7=—#% b RE LTRSS TRE &%

U7 Ni/Au > & & vz,

Table 5.1 Metallization specification of Cu substrate and Cu chip for Ag jointed specimens

No. 1 2 3 4 | 5 | s 7
Metallization Ni-P/Pd/ Ni-P/
iu Specification Ag Au
chi
P Thickness[um] 5/0.1/0.5 5/0.05
Metallization Ni-P/ Ni-P/ Ni-P/ Ni-P/ Ni-P/ | Ni-P/ | Ni-P/
bctu ‘ specification | Co-7W-5P | Co-7W-5P | Co-11W-5P | Co-21W-3P | Co-5P | Co-3P Au
substrate
Thickness[pum] 5/0.1 5/0.2 5/0.2 5/0.2 5/0.2 | 5/0.2 | 5/0.025

52.1.2 AgEERBA OER

Ag HEARBTIIE 2 BL RO FIETIER Lie, EPELDAX T A XHEM D BRI
(bR A BRET D701, BITAKFERFAL T, 260 °C T 30 /37 =— VIR 24T 572, BERS
Ag "= A MIKBROKEE = THA%E L7 Flake paste(BL T, F paste) [1721% V7=, F

paste |, EIZT7 L —7 RO Aghi 7O SINAHR—ZA N ThH Y, MEla X N Z2{H T,
112



HOBERSHEAME R TX IR EO B Ag BERSMEICTH D [172], Fpaste 5 A X 74
AFHE 2 4.5mmo, ) 100 pm OEATAZ UV —2HIRZIT-T2, SHICFTEDA X T4
REhi LTz Cu T &AM Lz Ag X—A MRIZ= T ML, K& F 250 °C, 1 B, HEhn

JETHERAES ST, Ag AR A 28l STz,
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5.2.2 FHlifRNT 5
5.2.2.1 AgBEEEEEOHE

Ag BEAEEMOTHMMZB L T, FI810 Ag OBEIRE &, 250 °C, 500 R ALE th DA
PREE AR L, mRIANE BB E 2 TRl L7z, £ 0BEEIE, Wt Ag BEf#EaH I3 mE
THIBENZM LS, A ¥ T A XL OMBEDERE TRIBISHEMEAE L, BER TN
HZEMHMLENTNDTZDTHD, FEERRIL, AR Ag EARBTIC L, —AhR v
H —(EMT-5kNV-30, SHIMADZU CORPORATION, Japan) % FIV >, 1R T 0.1mm/4y D A Wik
BE TR 2 AT o 1o, 1 KMEDT — ZITITHRAR 5 SLL L2 TS U7z, W AMIRE O B EEE
& LT, IR EmIRIT AT TH DT A TZ(Pb-5Sn) 23K 20 MPa TR 5 Z L b,

20 MPa & L 7=,

5.2.2.2 REWTERER A Do
AR S O 4T ORBR AT LT, B O BB 21T o 7o, BRI~ A7
1 Z 21— 7 (KH-7700, HiIROX, Japan) & FHWNTAT o 72, 187 L7caBR A 12 LT, mlrin
PER U CREHNC M4 2 729, i D FE-SEM #1£2(JSM-7100F, JEOL, Japan) % JE7E/E 20
VAT T T2 Te, F I O &R AR T Dbk Z AT 5720, WiE O XPS
(VG Theta Probe, Thermo Fisher Scientific) /34T 21T 572, & BT o 7" L ORGSR & T % f
TET DT OIHT SEM Bl 21T o 72, Bbrie D X & T A ZEMM & Cu F» 7RO %
fEGOE L% T — 7 CHEEL, 22 =R UBE e L CWrim SEM el q &

L 7=, Wrii SEM #12%1%, SEM (JSM-IT100, JEOL, Japan) % F\ CTHEEE 10kV THEhi L7,
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53 WERLELR

531 WEHEDELRD Co-W-P o & DEERE Ag BEAEEME

Figure 5.1 {245 o & BRI T D Ag BEfG 28 DR R 2”7, T WD Ag BErEH
BIREIL, WIHO Co-W-P 8o & HEtR, Co-P 8- & HMIZI U TIRIEEIZ 30 MPa LA Eo+
EVEARENE LNz, DF D, Co-W-P - EED/EF0.1uym & 0.2 um), W & A (7
wt%, 11 wt%, 21 wt%), Hi&E DE\ \(hep Fif il & 2 WIET E/L 7 7 R), Co-W D[R D A7 i
I, WD Ag BERSBEATEICITARICEE LRV L0330 5 72, Ni/Au o & 5k 91
([ZBWTIEFABRIZ 30 MPa LA LD+ mivy Ag BEREEEGIRE A FBL L T\ D 2 L AR TE
7= Ag BEATE O @IRMIAMEIZE L TiE, W 4L0 Co-W-P 8 o X Hfl, Co-P - X HAKIZES
WTh, 250 °C, 500 FEfE] BRI TR 0O Ag BERGHEE TR TN LT —E L-YUHETR LTz
HOD, BEMETEH 5 20 MPa UL EOESHREITHA TE TWDL Z LR TE L, £DT
B, Co-W-P 8 > ZEDJEZ(0.1 um & 0.2 um), W &8 £(7 wt%, 11 wt%, 21 wt%), i D E
(hep FERRIEEH HUVNE T E/L T 7 R), Co-W DEEOA L, SiRMMAMLES G- Ag 4
HOGBHEMEOBAR CHEICHE LW LRy holz, —J7T,Ni/Au > & 51T 250 °C,
500 FREfE EIRMI AL IC KIE e Ag BERGHE G TRE OIK T AR S 7c, ZAUTIEINE Ag BEfS
BEAMIC AR BRI TH Y, TNETICHE STV DY, Ag BERSHMKDE LV VKL
B, ZHLORRIZER L TWD2bDEZEXbND, BELIHIEEEREZHER TED
Ni/Au > & OFREIE, R0 WANE Ag BERHEGH O@mIREEMEOMHAR TH 5 Z & 252

T&E7,
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e R
R s S S B e EEEETE T
§ L s REaerSEEEE] SEREPTERERE cREPEEPEEEE ‘% ————————————————————— ‘{) ————————
s [
SE A V7 i
B 15 b mmmmm e mm e
8 $
B A0 e m e e e e oo e oo oo
[9p]
5 _________________________________________________________________________________
0
i) = ko] = kel = o = o = i) = ko] =
o o o o ] o o o o o o o o o
g 3 g B3 g B3 g B3 g 3 g 3 g 3
‘B 8} B o 'S o) S o) > o) > 8} 5 )
N N N N N N N
Co-7W-5P | Co-7W-5P | Co-11W-5P | Co-21W-3P Co-3P Co-5P Ni/Au
No 1 No 2 No 3 No 4 No 5 No 6 No 7

Figure 5.1 Average shear strength and standard deviation of sintered Ag before and after 250 °C 500
h aging
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5.3.2 MRWTE ORE SRR

Ag BEEFRER ¥ AWl O O SEM 14 % Figure 5.2 |29, Figure 5.2a-d
MBIND XD, WEBREDE, fEREEOENDRS 5% Co-W-P > EHAITBWT
Ag BERSHEEELOMWWriH ORIV T b RO Z R LTz, W iLd Co-W-P - &5
BIZBWTH Co-W-P - AT THEE L T\ D Z &R hnDd, F72, Figure 5.2 70 5,
250 °C, 500 R§ ] SHEMT AR O Ag #EETE DN G IZBE L THOH L A ERAEITRL, WTh
D Co-W-P > X HMUZEB W TH RIBEOMIEE LT\ D Z &3 53h -7, —77 T, Figure 5.2¢,
JIBaND LI, NI/AU 7 T v v 2o EFMRITI T, 250 °C, 500 K E IR A% O
Ag R OMMWE O FIIRESEM L TEBY, SIRMALIEIZ L 5T Ag HARE KK
BLTWDZ LR TE L, 20 Ag DRIFLE D, Figure 5.1 D Ni/Au 7 7 v ¥ 28 - X2
BT D Ag BERSEGREDO RIERETIZHES L TWDL LB b D,

MR 1 LA FE T Db B AL FRE GIR BB ITE W DS e W & iR £ 72 91T, Figure
52b, g, d,i DT NVDORED XPS M EIT -T2, A AF ¥ TR S TE I
WPFND AKX T A REEHRIZB W TS, C,0,Co, P,Ag ThHhoTz, TDI-DTFETHETH 5,0,
Co, Ag IZxf LTI r—AF ¥y & & — 7 21T > ok % Figure 5.3 (27”79, Co-7W-5P
& Co-21W-3P ? 250 °CrEififit AMLERF D O A7 R UVIZN T, 531.2 eV & 529.6 eV
DALEIZE—27 27 LTRY, @R LERRTZIZIB N T A ZLKEREY & A 2 VR L

DEBETHEHEL TS E NS> T, Co-TW-5P & Co-21W-3P @ 250 °C & LMt A WLEE Fif

=N

%0 Coyp AT FWEINT IS, 779.6eV & 7811 eV DALEIZE—7 Z/RLTEY,WEH

DIENC IR AL A D 5872 <, Co304 X° CoOOH & W o 7= 3 ML EW & L THF

el

ELTWSZ ERSI oz, FT7, Co-TW-5P & Co-21W-3P D 250 °C & il A MLER §ii$%
Agsas A7 RV, 368.1 eV DALEIZE—7 2R LTEY, WTHO Co-W-P o> & Hitk#k

HCBNT,0MliDeE Ag & LTHEL TWD Z &R gnole, 2DV, WEREDORRD
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Co-7TW-5P & Co-21W-3P O Ag BEfsHE A O O &k iBIZ < [W—TH v, 250 °C,

500 B SR ASLE R IC BN T H TUTED LR Z LR ST,

Cu chip side & = et Cu chip side

—
e

Substrate sids

Cu chip side
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Substrate side

Figure 5.2 SEM image of fracture surface of the sintered Ag joints on respective metallization before
and after 250 °C exposure for 500 hr : (a)-(e) as sintered, (f)-(j) after 250 °C exposure for 500 hr; (a)
and (f) Co-7W-5P metallization with 0.1 pum thickness, (b) and (g) Co-7W-5P metallization with 0.2
um thickness, (c¢) and (h) Co-11W-5P metallization with 0.2 pum thickness, (d) and (i) Co-21W-3P
metallization with 0.2 um thickness, (e) and (j) Ni/Au flash metallization.
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Figure 5.3 Narrow scan spectra of the top surface of respective Co-W-P plated substrate before after
250 °C anneal for 500 hr: (a)-(c) Co-7W-5P before anneal, (d)-(f) Co-21W-3P before anneal, (g)-(i)
Co-21W-3P before anneal, (j)-(1) Co-21W-3P after anneal, ; (a), (d), (g), (j) Ois spectra, (b), (e), (h),
(k) Cogp spectra, (c), (f), (1), (1)Agsq spectra
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5.3.4 mRWTRABR A OWTTE SEM BIEHA R

R 812, Ag T AWIEITERER i ORGERET & Ag B8 Ok A BlZ2 T 572012, Wik SEM
#4525 17 - I=(Figure 5.4), Figure 5.4a-d, f-i 2> 5, W &4 ED 5722 Co-7W-5P, Co-11W-5P, Co-
21W-3P X7~ 5 Ag BEREHE A TR O AT 42 TR U C Co-W-P - X KM I TH -7,
F£ 72, 250 °C, 500 FEEEIRMIAZICEB N TS Ag BEREEEA T OMIREFTIIZAE D 57, Co-W-P
o ERMETITTH T, £ Co-W-P o TS STz Ag BERGIE ORI, Wi
, 250°C, 500 W AL (iR L C38 0, 2448 Figure 5.1 (235N C iR A LB %
DOREATREN—E LUK T LR EEZ O D, LLEOREREND, Ag BEREHE O
AT, IR ALt OARRA R L DR 1X, W BH RO D Co-TW-5P, Co-11W-5P,
Co-21W-3P IZBWTHEEITRNZ LR TE 72, —7J7, Ni/Au flash - (2B LTI,
250 °C, 500 RFEMALLERSS, K& 72 Ag DRIEER & & $1Z VFL(void free layer) 38 L T
Y, ZAU28 Figure 5.1 (23U Tt A LB 2 OH2 G 3R DS KA T LRI & B 2 b

Do
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Figure 5.4 Cross-sectional SEM image of sinter Ag jointed specimens after shear test: (a)-(e) as
sintered, (f)-(j) after 250 °C exposure for 500 hr; (a) and (f) Co-7W-5P metallization with 0.1 um
thickness, (b) and (g) Co-7W-5P metallization with 0.2 pum thickness, (c¢) and (h) Co-11W-5P
metallization with 0.2 um thickness, (d) and (i) Co-21W-3P metallization with 0.2 pum thickness, (¢)
and (j) Ni/Au flash metallization.
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54 FEw

ARETIE, F2®, F35E, F4ETHNZAHE Co-W-P > &, Co-P > & & HWT, Co-
W-P Hho & D 1) W E A&, 2) fEdbisis, 3) Co-W EIROAEE, NEIE Ag BERiH & D4
(BHEMEIC G 2 DB A A L=, T ORE, Ag BErbHEA TR, MM, MR EET
HALA IR TE, BRI ARG ORIFE O L L, SR A% OB D 2 TIZE
WTHEBZEIMGER SNR Tz, D, % 4 ETHRH LT, Co I W Z[EE S ¥ 72 Co-
W-P o X (ffl]; Co-2I1W-3P) & FIV 5 Z & T, Ag BEfEb & oA EEMEZ MR T, o, Ag
EATHy FIRTOBMLREZZ T THEILBIIE L O+ EE Lk TE 52 L
BB T2, T OEHAEERD Co-W-P > X HHF L - T, EEEO SR D —
FEV 2 /VIETRICOEHATE 2, WHEOEWA X T 4 AEIIZHEBIEL Z LN T

SEAR
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BB6E Wi

Conclusion
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AWFIETIE, Ag BafEbt & O EEHEME & BHE & OB Z W TE 2 @Y —E
2—LANT D AR T A4 XL LT, Co-W-P - ZHMT AL UT-, Aini STERRIZTEV, LLTI

O R Z IG5,

B ETIE, R, BLUOWIE B E R, BEESHSEOKEE L Th S PCU O
AL S, SiC /XU —F ¥ a — LEMEYL O = — X & F2EH T O FH L7z, &g
NU—F V2 —/LOFERBITIE, BINE Ag BEREAGM A I FREEBIIEO X 0 A2

MEARIERS & DREEVERLE AN Z AR ICHER TE D X 0 A X T4 AHMBLETH D,

%2 ETIE, EEMO o ZVEICER L, BINE Ag JERM & OBE L E LB L OBEL
ML TE DAL T A X% RFHNTRA LTz, £ DFER, Co-W-P o & 78 Ag BEftits & DA
EHEMEICEN, HOBIEBIE L OFAEMHEICHEND Z 2 RA Lz, Ag BERiM & OBE &
BIIE & DEEEFED A = X LFTIROEY T D, Co-W-P > XK LTI R Co, Co KL
Y, @@ W, W BB{E 3 RIRFIZAAAE L TR Y, Ag BERM & OV REITER Co & D&
BREAIZ L THRIEL, 4 I RREIEBHEE ORWEEREX, Co KBt ERY A I K
AR TH LRI T I v VBOCFERIGIZ L > T, A ¥ T4 ZHAMR & BHE & ORIZILA RS

BNERESND Z ETRIAL TV D LHEESNT,

W3 E T Ag BEE A 2T 5E Y 2 — /2 Co-W-P - X 2l T 5B S h
L,Ag XA T Xy FIRICBIT L2 RKK T TCOEIRT =— VL, Co-W-P Ho& LA I K
SR & DEAENECG A DB e it Lz, TORIE, 200°C, 1 Bl 7 =— 1 ThHiud+
5y TR RINE R A TR 2 MRS T & 523, 250 °C, 1 IF#ID K 9 72k L7 =— L& T TRkl

Ko TH-o&FKME ED Co KBE{LMMNED L, BEBREMETIT DY A7 NHLMNNI o7,
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B4 T TIE, —MRAVRIEENNE Ag BERM OGS TH DR T 250°C, 1 KD & A 7 2
v FTRRICHM 255, BALMED&H 5 Co-W-P - ZfipkZ, W A &ICEIR L THREL
Too ZDFER, Co-W-P D> & D W G &% miREbQIwt%) T 5 &, Co-W DEERH K
EN, TENAT 7 AEED Co-W-P LV &7 =— LHOR{LEIIHT& 52 LB hoT,
Z OB D & % Co-W-P - ZHRAFKIZ L 0, —fi%HI7e Ag BERSH DX A 7 %~ F &4 T
B DHRE T 250°C, 1 BEfEI D7 =— ARIZB W Th, BHE & ORI EE 7R Co KER LY
BHoERMEICERDE L THESE L2 ENTE, FOMOBHIEEE ML 2 R T

D2 L ERER TR,

BSETIE F4ECTHBLZERET W BEEL, BILitEE2H9 2 Co-W-P o &
0, B2 ETHLNT LTz Co-W-P o & & [FIERIC, Ag BERHT & DEEE M m RIS HEME 2 i
TR CE Dt Lc, TORER, L) Ag BEfits & OESERMELZEIEL 2T ELT 7 A
WD Co-W-P o X L[RIKRIZ, @R T W MEVE L7z Co-W-P h- & b, MEINE Ag HERS

MR L TENTZ AR A RIS 5 Z L2l T 1,

PLEMNS, — 072 Ag BEREHEE 7 0 A TH D KA T 250°C, 1 FFffl 07 =— )V TFE & FF

BTE, Ag BERGM & OBEAEEIE S A I FRIE & OFAEMEATN TE &MY —F

Va— VAT A S T A Xt LT, @iREO W S EE L7 EE Co-W-P o X il s
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Ei L5

AWFEDET, K XOVERIZH T2V, BEIRIRPWTIREZ W2 &, T8 R L2 THY
F Lo RBCORY: PEZERVFIIFERT B BRIOD XV OB ZR L E T,

KL EELDDITHIY, RIRFERYRE LR ERE T E WL HE AR
BRI, BIEE LTIEZWE< L &b, KX OMEIZHh Y ZHREN-7EE
F L7, WSEHBLETET,

AWFIEDFITIZHT- 0, x DiFiad SE WL EE LIERRKT EER SIS
FRER 80, &IRE 20z, Biis b SR EILA B L LFEd, 72, #
RNDFZE R MA TV 2N TE BRI E QBRI L BT E 4,

KR DOBATIZHTZY, Do&E T ATELRBRIH I Z2EY £ L EA L3RS
A ZERT NHSE TR, BBORE R, 4R A RIS D) DI

FFES,

KIFFEHIRD D12 T2 0, RIRKRFRFEBHE LM A~D NP EFFaI Wz /2E, =1
7 hr =7 ZRFESHOWRE L L TOREDOHEE 52 T30 £ Lz k&t

yV— L7 hr =7 AWFEE BEETL RIS O BEHE L BT ET, ot AR
TDREL L TEZLDOIYFEELEEVELE =Ly br =7 AR Kt T —E
Vo —/UHEE ZEME ERICEEHP L BT ET, £ LT EA, REOERRIZIZV-D B
ML RSFo TV EE, BEIZHE LTV e 2Wie Z SITEHH L BiFE T,

et Re BT ARG LR A B BITIERUBHERISCRHEIC B W TE R D
WhaEWlEEE Lz, LoEfLzf L R ET,

BB, RN EBRIRRATNLT5I2H720, WOBFEEIIZZATHHWE LT,
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