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MEFRESL (EX) Low Temperature Bonding Process through Self-Sintering of
Nanoparticles and its Application to Electronics Assembly
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WFZERCR-OMEEE (Z30) : A novel bonding process using Ag nanoparticles with a particle
size less than several tens nm that realizes solid state metal-to—metal bonding at a
bonding temperature of 300°C or lower has been developed. In particular, we have devised
a bonding process through in—situ formation of Ag nanoparticles by reducing Ag,0
microparticles that achieves successful metal-to-metal bonding at 200°C. This bonding
process is also more convenient and lower cost, and allows higher bonding strength than
that directly using Ag nanoparticles. We have applied this bonding process to assembly
of a power semiconductor and achieved higher reliability than the conventional assembly
by soldering.

SRR ERR
(BHEHAT 2 1)
[ERESES [ 1S 2 & &t

200 7HE 4,900, 000 1, 470, 000 6, 370, 000
200 84 5, 300, 000 1, 590, 000 6, 890, 000
200 9FE 4,500, 000 1, 350, 000 5, 850, 000

G

R
% 14, 700, 000 4, 410, 000 19, 110, 000

Wt - T

BFE O5F - MIE - MOBF LT MBI - L8R

F—U— R F KT BERE. EREES. Sh U —, RNU—RER 2 ERRiE T, T
By I a1 — gy

BRI EHIIR S AL L D24 A=V %
HEZ WA A= L RAEASREE I TV

1. AFZEBIAE 4D 5
BEET A AN~ A 7 oS TR, #



Do WFFRARERE HIXREH, KR I
ETEAX AL AES oL LT,
&g T ki & RO ARE R A TE 2 12
LLTWD, T /R 13D CREEETH
V. KRR RIR T H RIS BERE T S,
FVIEREOREIZELTH, Bl
BB ZE R CTIFE IRV 7 SR IR
KPR ETH &, 100°CREDIEE T, R
VL5 T O R O FELS & ki A B IC X >
T, B EICTF JRFNRZE XX T VITEE
MdhrZenmEIhTWnWS, ZhbnZ &
Mo, TR EEAMICHWS Z E T AN
L7 &g lE A RIE T H SRS T
X D AREMEDNRIB SN DA, KR TOES
BRSO, BET kLo S
MR EOBALIH L IEF LD NHE 72 D,
FEE DIL. ZOMEERT D=0, T/
K% FHEY CHE LA —R) ki1
FHEAME UCHEMA LT, AR R+
PRWEES a2 T, tESHMERIC
i L= 2 ki (STEP 1) % 150°CLL ki
B2 & BRERII IR - BrESh, il
TEME 2R R T ki DK IEBERE RS RE 2N JE B
5 L REERIC, B OETIERIC L D S
M O BN BRE S D (STEP 2)
7[R LS BERE U [RIRE IS ¥ b S 7= 8 72
EOWHEAM EREET 5 (STEP3), Z DRF,
HEWEAEMEDEBEADERIND
(STEP 4), Z o7 utxizky ., KK,
300°CHI# OHEGIEE, SMPa OJNE T T, 4
F+tDOBENEA %2 B L 100MPa i 2 %
BAMEZER LT, AFETIE. ZOREE
FELICRRBIET, L0IKE. EIETH
kB OBERSEAEERT I Ttk AD
Bl EITHY) L Eblo, =7 hr=7 x5k
~HEALEE LT,

2. WHEOBEM

(1) BEA T T DT /R D BERE A O i BH
O#e A FH T OB R T & 15 R
T~ F ki - BERG R & fR A9 5,
QWAL B FE R TN T KA DBEREPEIC
FETHBE AT D,

@RE THII T B X X7 VBRS8N EH
T DMEFER SR = AR (LT 5,

Q) BEAIREE . BEEINE S DAL
OF /RO RE, AR i ~DF ki1
@\%éwk%é%@ﬁﬂ%%®%EM%ﬁ

jD
QAR DO AR I0E, PRETIEZRETT %,

@)L 7 b= A~

MBIV IZL - THENL S NLI=T /BT
WX AR B QBRSO FEMALEA & L
T, PEEKRT o THEATH T A b, Ry
=N TEEB IR Y — FEA A~

DT AR T 5.

3. Wik

() A —REAT ki 2 VT, 4 8],
i, =L, TAI = LAEESIRE,
AMEHZZALSETHEA L, BEEME LT
42 &Iz, AR O RE %, BRI
TR B - BAfMeE (FE-SEM) . &% +-5A
e (TEM) (2 X v #BlgE, frL7=, b
X0, BEEMHICRIETEERBILIEDFE,
FtR & BEfE T 2 RO AT BMR Z R LT,
F-, HFEIE M) I alb—va Ui
L0 T BT D HEHR A~ D BE RS KRS 2 B 5 2
Iz L7,

Q) HEAIRE, BAEMEORE B E L
T, HHWE, KirBORR DR 52H0
THEAEITV., 2RO NEAMEICRIT T8
AT 5 &I, EEM BRI OfEE A15
oo T, AHERAI L BRCREIRE LTz 2—
A RNEHEAMELTEHET S Z & THEAR
WCIRTERONEFBIE L, T /R &% DA
LTHEATH e REHT-IZERL, 2h
WL DHEAMEDOUEEZA LT 5 &I,
K7t RAOMELEIT T,

(3) LR THENL L7t T m B X W T,
R =YK F o T L AR R LTZRT
—EVa—NERIEL, 2MEPLEREY A 2
JVERBRIZ & D B HEME 2 5 L7,

4. WF7EEE

(1) AHE—HREST 7RIk 28BS
Tk, AW X &JEFRIE ORI E) =
TLENDTD, RFE LY BRCEREA L E B
TRAF—OREI WA, B, il DBEHES
DHHRECTH - 7=, HEAEEZ 200~ 400°C &
Flbx®, AE—BEST /R & O CE,
GaEA L, BlIERBRIC X 0 BEATREE 2 31t
L7=fER, 225°CLL FCidEA MRS b
MoT=A, 260°CLL E TSR ED LRI
PEVIREE T F5- L, 400°CTIE 50MPa LA o>
BRI R Uiz, AR ORE XA OE
FR L7720 250°CLL Rl Ic By %
HEH T X 20y, 400°C TIIA D ITIZITHE
A, #RE DBERL - B b2 AT L CoifE
BHEFENEOND Z ERNDoT-, Fi-, W
BEAERMEICED L T RE TCORTOMA
WX E A E o T2, RIZ, 4. dlkt
TOREBEAWELRET LIRR, 8/ &
R Tl BT RS R I L CRERS
T 5B, KM 1IT X 912 250COIEIED S
IR OFES HF O HER L TAT e e
Xy VR T DI L THEAZIERK
LTWAIERShoT-, —F. R / iR
Tl FFEDHNBRITERD b2 o T,
ZHUT, B4 L E S TR LR T ES KX



SEAppZ Ll BEAITELT, B{LEED
SYFED LB/ Z ERNER LTV EHEER X
Nz, LrL, & SELL085LRET
DEAMIZE O TR Y B2 RS
EREN, ZHICXVEWESRENS LN
BHIED ot

(111)

AgfiEAufITRBA RIS —R

1 250°CTHEA LR / &R mok+4&

(2) R CToOHESBEICST M I 2 —
a v ETo TR, SRIE IR/ EAR D
PR AT L. SEmiES ) BRI EEHR OFE
S A L 6 s L 72 D AL & b - TR
T B ENgholz, ZDLE, REKT
ERAED/NES NI LTE, K2R d &
N, FERE R — LI HEES L, W& e
FZEDORKEWENZH U THEEER T LI % s L
TR EHFACHESNT 5 Z L 2R LTz, £
7o RIBEBRKEL 725 L, Sl COREREEE
NETT D ENDhot=,

B2 MDY=zl —vavilkdi) kv
WA R CORTEE (SRR © 2nm, Au(001)
R, PREFEER 40ps  (a) Wi, (b) SRAIE D
LB

(3) T R ORI L EH A BENEEA T
WCRIETHBEZRF LR, K3 I1orT &
AT, EHPRIERN 50nm LA & 72 % LS
MPECOBEAMENH B L-, BEE R m T,
TR IIHEEE A M R ITIR/AIVRR D LD
WCHERE L. TR T IUEE LB T DO
WX LT, 27 YA AORFiE, *xv 7
T 5 DR THoRBEANELNRD -
770 S BITRIFEDS 20nm AT & 725 & 50nm &

EE LT, #AE TOREMEEN RS <M E
L7z UL L. KiF£E72% 20nm LA F Tl Al
SEAYBOVE A HEFE T 2 T2 D I A K R B N R
AIRTHY ., ZHNEEHEER L2570,
300°CHEE DEAIRIE TIX, AHME D7
VVREEE 50nm DR L A TR ICR & 7o A2
MIpNT LN o T,

60

‘ W 200°C 0250°C ©300°C
@)

N W b g
o o o o

Tensile strength (MPa)

=
o

o

.

0 500 1000 1500 2000
Average particle size (nm)

B3 SR ORI HER TR KT T

(4) (3) CTHREIC LT-AH—8REAT /hiT
OMBES Z RIS D=0, BEWETTIC L D
TR FDOGAERES T 2D E
To7=, W4ITRT Lo, BRbERRI 71,
BIEAIOWIMZ LV . 160°CHRE OKIE TiE
T, T VA XK= LR L, BEE
WZHERE T2 Z E BN o T-, T OEH %
BEAWBICEATAZ EICLY ., ARG
BF KT LY S BIIEE, RINEEE N ]
RRLRDHZENSmoT- (W5), £7-. &
JEHIDREIZ L - T, BEFSERR TRT ki1
V23 E ORLES ARG HND K 91, Wbk
BLTHEEZFEHT L ETHEADELRD
IKIR. [ERINEDNATRETH D Z E N7,
ZHUT Z o> THEAIREZ 250CH 5 200CIC
K& 7=,

(b) 145°C

1
y 200nm
(c) 160C

X4 ER{LER— R b OIMBUEFEIC L B ERA~DE
JEHE) D TEM 2355 51



80 = 1R
570 gl 0 SRR R

300°C-5MPa 250°C-5MPa 300°C-1MPa 250°C-1MPa

X5 ML —R F EFH—EREST i1
BB L

(5) BR{LIRAN—R & HWTF R -E D8
RS o A2 HWT, NT—RERT
T BAR RLIENR T —FV 2 — )%
AIEL, BURbLEIREY A 7 VR BRICL DK
WIS 2 310 L 72 /55, BMRHTIIE R D
Uy FERIZATZLVENTRY, BEYEE
PR ETHDLZ ENgholz, 25
D EMBART ot AT /RNT —HiERKED
2— VOFEEIZTHEHAFETHS Z EBRE
iz,

5. ERRERICE
(WFFeE . WRge oy Ha3E M ORISR 1
=Y

UEsEamsa) (BR1 41)

D VEATER, MR, EHE, KXHEED,
AN, E R, BERER, o TEND
Frlalb—varE W) kT
LHEM R & O EEA B OB, 5
16 Bl he=7 R IBITL~vA 71
BB FEEERN O R Y T NGRSUEE, Bt
A, Vol.16, 2010, pp.129-134

2) /R, REES, R, e
SFHEE, B, T R TEAIC
BT DHEEVEIC KT TR R D2,
ez L7 ha=7 A ZBITAHA~YA Y
oA REEHAT S VR Y T AGRSE, &
Fih, Vol.16, 2010, pp. 135-140

3) SFHfERE, CREMERE, JEHE—, BN
K, w47 v A — A XOBLERRL
FE AW mIREREE T 7 U — a1k
iOPF, £THH, EHME, Vol. 49,
2010, pp. 20-22

4) A. Hirose, H. Tatsumi, N. Takeda, Y.
Akada, T. Ogura, E. Ide and T. Morita,
A novel metal-to—metal bonding process

through in-situ formation of Ag
nanoparticles using Ag,0
microparticles, Journal of Physics:

Conference Series, % #t A, Vol. 165,
2009, 012074

5) BCHEH, =, REHE, DMEs,
FHBE—, SrEfBE, MR, B
~A 7 aRifEHAWZRT R DY

AU XA, B 15RE-L Y o
=7 RIBT DA 7 a s FEERHN v
YARY T LA, HEHA, Vol.15, 2009,
pp. 195-200

T. Morita, Y. Yasuda, E. Ide and A.
Hirose, Direct Bonding to Aluminum with

Silver—-oxide Microparticles, Materials
Transactions, & #HiA, Vol. 50, 2009

pp. 226-228
7) T. Morita, Y. Yasuda, E. Ide and A.
Hirose, Bonding  Technique Using

Micro—Scaled Silver—Oxide Particles
for In-Situ Formation of Silver
Nanoparticles, Materials Transaction,
A5 A, Vol.49, 2008, pp. 2875-2880

8) T. Morita, E. Ide, Y. Yasuda, A. Hirose,
and K. F. Kobayashi, Study on Bonding
Technology Using Silver Nanoparticles
Japanese Journal of Applied Physics, %
Fih, Vol.47, 2008, pp.6615-6622

9) EWIHER, &) ki rERWEESH
fitr, Fmagh, &, Vol.59, 2008,
pp. 443-447

10) Y. Akada, H. Tatsumi, T. Yamaguchi, A.
Hirose, T. Morita and E. Ide,
Interfacial Bonding Mechanism Using
Silver Metallo—Organic Nanoparticles
to Bulk Metals and Observation of
Sintering Behavior, Materials
Transaction, & A, Vol.49, 2008,
pp. 1537-1545

11) ~rHE=E, HHE—, REE: FRH
thoe, FEWIR, BR{bERKIT & A 7oss
A, ARV hr=27 XZBIT
LA afEG - FEEN Y RV Y, &
Fih, Vol.14, 2008, pp.185-190

12) B, JRHEthZE, LR, B
xR, AR /R 1 % O o il
H7 A A KITTIRBRIROE
W EI4RETL Y b=y R IBITS
~A 7 a G RN AR T N, &
Fih, Vol.14, 2008, pp.173-178

13) FRH*hsE, FEHE, LEHEA, FEEN
K, SFHERE, JRHE—, 17 R8s
BT L RmsEa M OmE, & 14 BT
L7 hr=7 AR DL~ A 7 aiEs 5k
AT R T A, BHA, Vol. 14,
2008, pp. 179-184

14) H. Tatsumi, Y. Akada, T. Yamaguchi and
A. Hirose, Sintering Mechanism of
Composite Ag Nanoparticles and its
Application to Bonding Process,
Advanced Materials Research, #Fif,
Vol. 26-28, 2007, pp.499-502

(3R] (G2 0ff)
D BIEAER, DB, BRI, BR(LER




2)

3)

4)

5)

6)

7)

8)

9)

— A N EHWERT kL DG A Rk
BT R R TERITCH O, VR
TR 22 FFERFRE RS, 2010 44
H22H, ey Z7HA4 L~ GR)
e, RHEEH, MR, BB R
SR, RHE—, TR E W
IS HE A I B 1T DA MEIC RIZ TR
BNF O, A ARSIEFS 2009 K
R4z, 200949 A 17 B, FERFEHHF
¥ R A (O

BCHEA, RS, AR, B R,
SPHERE, HoE—, BT kit & A
BB E ORmBEA A =X LAORF, H
A4 B4 2009 FERKHIR 2, 2009 42 9 A
17 B, EMRFEBRF ¥ 32 (D)
N. Takaeda, H. Tatsumi, Y. Akada, T.
Ogura, E. Ide, T. Morita, A. Hirose,
Interfacial Bonding Mechanism of Silver
Metallo—organic Nanoparticles to Metal
Substrates, Materials Science &
Technology 2009, 2009 & 10 A 26 H,
David L. Lawrence Convention Center
(Pittsburgh, USA)

N. Takaeda, H. Tasumi, Y. Akada, T
Ogura, E. Ide, T. Morita and A. Hirose
A Novel Metal-to—metal Bonding Process
Utilizing Low—temperature Sinterbility
of Ag,0-derived Ag Nanoparticles,
International Conference on
Electronics Packaging, 2009 4 4 H 16
H , Kyoto International Conference
Center (Kyoto, Japan)
HHEWL, JBHRE, REHE DM,
FHBE—, SrHfkE, BElEIR, B
~A 7 aRifEHAWRT R DY
AR R D IRIESEA T o A, BHEER
PRk 21 FEERFEERE, 2009 44 H 22
B, TABT 4 THira R
HHEW, JBRE, M, HHE—,
SFHEE, BEEAK, Bk Ag ~A 7 ok
T AW Ag TR FOBERKIZ L D
FEEAEORIE —RIE#EAICB T 5 Ag T
J R DOFERDOHEIE—, SBRFR
2008 FEFKIA R4S, 2008 429 A 25 H, HE
Ry (FEAS)
HHA, ZEEG, FHE—, STHE
=, BEWRAAR, /IVREE ES, AR —RES
A A Sk AV e lEe e S A NN B
LR OREYME A EORE, BHETYS
TR 20 FEEERKFRRE RS, 2008 4F9 A 12
A, JuMEERSES ()

e, KHEEL, REHE, DS,
SFHERE, HHos—, BEMER, M
~A 7 ahitE T R ORAE
I L AT 0 A%, BHERE
TR 20 AR EERKFRRER S, 2008 4F9 A 12
A, JuMEERSES ()

11) M. Yoshida,

10) N. Takeda, H. Tatsumi, Y. Akada, T.

Ogura, T. Morita, E. Ide and A. Hirose

Novel Metal-to-Metal Low Temperature
Bonding Process Using In—situ Formation
of Ag,0-derived Ag Nanoparticles, 8th
International Welding Symposium, 2008
£ 11 H 18 H, Kyoto International
Conference Center (Kyoto, Japan)

S. Angata, E. Ide, T.
Morita, A. Hirose and K. F. Kobayashi,
Bondability of Cu—Cu Joint Using Ag
Metallo—Organic Nanoparticles, 2008 &£
11 H 18 H , Kyoto International
Conference Center (Kyoto, Japan)

12) H. Tatsumi, N. Takeda, Y. Akada, T.

Ogura, E. Ide, T. Morita and A. Hirose,
Bonding Mechanism of Novel Bonding
Process Using Ag20 Microparticles via
In-situ Formation of Ag Nanoparticles

2008 ££ 11 A 17 H, Kyoto International
Conference Center (Kyoto, Japan)

13) A. Hirose, H. Tatsumi, N. Takeda, Y.

Akada, T. Ogura, E. Ide and T. Morita,
A novel metal-to—metal bonding process

through in-situ formation of Ag
nanoparticles using Ag,0
microparticles, International

Conference on Advanced Structural and
Functional Materials Design 2008, 2008
£ 11 A 12 H, Hotel Hankyu Expo Park
(Osaka, Japan)

14) N. Takeda, H. Tatsumi, Y. Akada, T.

Ogura, T. Morita, E. Ide and A. Hirose

Evaluation of Bonding Characteristics
of Cu/Au-to-Cu/Au joints using Ag,0
Particles —Novel Bonding Process using
Ag,0 Particles (3rd Report)—, Materials
Science & Technology 2008, 2008 ££ 10
H 6 H, David L. Lawrence Convention
Center (Pittsburgh, USA)

15) H. Tatsumi, N. Takeda, Y. Akada, T.

Ogura, T. Morita, E. Ide and A. Hirose

In-situ Formation of Ag Nanoparticles
and Bonding Mechanism on Au Substrate
—Novel Bonding Process Using Ag,0
Particles (2nd Report)-, Materials
Science & Technology 2008, 2008 ££ 10
A 6 H, David L. Lawrence Convention
Center (Pittsburgh, USA)

16) SEHEE, HREEsE, WO, EHET,

AT BT O BERFERE K OB G 7 0
T A~OEH — IREBIREG A BENEAYEIC
FAFT B —, WP 19 4R
AEKRE, 2007 £9H 21 H, EMKFE
(E%)

17) RHEthoE, SEHE, RN, EilED

&, SFHERE, s —, T RS



2B T D RimES S OB, BETYs
TR 19 R EERK R EIR 2, 2007 429 H 21
H, {FMKFE (E¥)

18) Y. Akada, H. Tatsumi, T. Yamaguchi, A.
Hirose, T. Morita, and E. Ide,
Investigation of Bonding Mechanism of
Ag Nanoparticles to Bulk Metals” , The
2nd International Symposium on Smart
Processing Technology, 2007 £ 11 H 28
H, Hotel Hankyu Expo Park (Osaka,
Japan)

19) H. Tatsumi, Y. Akada, T. Yamaguchi, A.
Hirose, Metal-to—Metal Bonding using
Composite Ag Nanoparticles —Effects of
Sintering Properties of the
Nanoparticles on Bondability—, The 2nd
International Symposium on Smart
Processing Technology, 2007 & 11 H 27
H, Hotel Hankyu Expo Park (0Osaka,
Japan)

20) H. Tatsumi, Y. Akada, T. Yamaguchi, A.
Hirose, Sintering Mechanism of
Composite Ag Nanoparticles and its
Application to Bonding Process —Effects
of Ag,CO, Contents on Bondability to Cu-,
The 6th Pacific Rim International
Conference on Advanced Materials and
Processing, 2007 £ 11 H 8 H, Jeju
Island (Korea)

(E) GE11R)

1) A. Hirose et al., Woodhead Publishing
Limited, Microjoining and nanojoining,
2008, 810

6. WFIEhR

(D) BFFe A

W BASR (HIROSE  AKIO)
KBRS « TR - 2%
MeE®‘ES 70144433

(2) 9oy

=85 85— (SANO TOMOKAZU)
KRR - TAW9ER - HEZdR
WFgeEFE 30314371
s % (OGURA TOMO)
KBRKF: « THWF5EFR - Bh#
MEE&ES: 90505984

(3) HHENTFEA




