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In order to manage the strength reliabilitg of the actual ﬂoints on printed
circuit boards, a practical monitoring technique was investigated by applying synchrotron radiation
laminography. The technique realized in-situ nondestructive monitoring of the joints through the
fatigue process due to cyclic energization loading, in which the cracks initiate, propagate, and
reach to failure, and then led to the integrated estimation of the fatigue lifetime. This result
will widely contribute to the improvement of the reliability and the development of electronic
equipment.



B X C—19. F—19—1, Z—19.

1. WSO 5

T L7 hua=7 ARESBR OB, N
b, BEERELTHY, NU—= LT
=7 2045 HTIE. ZhICEH e mb 5,
UL, B SR E R O M ERRES . &
FHESRE BT AL HTZ>TOR PRy
7 Lo TWAHIzD, KESRT VT EE T,
FAEFAIT OMFFERERE RN S, EFEMN R T
nYxZ & LT, B LWEERR OB
HEH LN TS, FAETIE, HAERTES
D L7 bva =7 AR O T £
BT 2R, BHEFRSCA~Y— T
0 ARSI BN FEE O L o T
LA, BB OB AEZ Y — R LT
Wb, ZORTHRLEERNET —~D—>D
X, BEEWICBIT A EEEERTH D, L
L., FEOEBEIIIET 2B THEFT L
TEY ., BEFORHE 5 1EO#E AR A R T
XTWVD, AT, BEAHIZEIT 5 XKoHE
SR DO EA & BT 2 IEERE T
EORRL, =L bun=7 AR#HERICE
WTHRS EEN TV D,

Z T, MR ESE (ERomESRED
ZFB) bk, Fo<HLLEEANS, 21
fitfd DY & LT < O AHENE %2 RO i
IR E T 5 X# CT itz L <. FEm
B CEAMOMBE LR X O & Z4iE R R
BE=HZY T L, WEIHFMEHEE T DI
e %17 > CT& 7o, ABFETIE, AWK
T HUERDOEEMEFMORREZ T L —2 R
N—TF BT (DFEHE CT Bl 2w A L.
[l — O E AR, I IEmEE =
2V T EHREFERALOLICED, (2)
ZTOHM AL LT, AT oERO#ES
BRI AT D Rk L TR A,
SR AITH, 2D L 91T, Bk CT
Feffi 2 U7 FEE R A I Do, #i L
WS DA~V A R A Y NOESE % B
7,

2. Mo Em

N —F D a— )VEICHW LN TV A L
T AEE CHDAA T X v FHEAES
LT v TERDIIATEREEER 7 ekt g b
LC. ZOEEIH L r RGO 2B (JE
EHWORE, BLOHER) 12, Bt X R~
A7 na CT Z#H L, 35 /eI
il c@lzE, 3D At kT D &2 BRI 5.
X DR DOEA & MR i ek T =
2T L TREMELZKHT 58 LWL
OAGFEVERHMEL I 2 W58 95,
(1) FEEBICB T DT & ik
I 7T 7 4 BEEEN O B%E
FREROE T HM CEHEE) OBk b
L7z, B X~ 27 CT @A L7=7
R TT T HERET S, LD,
B EDFEAT 5 v FHEAEHE 2RIIEM
HEOBIE L P X Aotk R4 3 IRITH,
BRI ERILTE 5,

(2) MR LBEIRNTICRBIT2T7I /757

JRIBFRED T

CK—19 (Jtm)

+ BN D B

W EAVEER BRI K D BYR TN X, FEEO
EWRICB T 2AMBETH DMK LEEIC
Lo TRAELET EHICHL B E2IEET
N HEEREEO £ TEDOBBIERN AR
RAHBLRXNVETTI ) ITT7 4 HiliZ2E®
%, Tk, HRETOEFHEE OB
B ERRE=X Y T T 5L ERIT
&5,

3 HMEE=2V v TICL D~V AR
U A hOEA

FI T 74 BEALTHBELEZD
=X U HNCHESE, e OBGR L
BEAMICK S THAT X v FEAIBITH
LTSI LT, ~V AR A
b &N L, AR O RFFMRIM, etk
Wr &7 5,

3. WDk

AWFFRICBNTHW - X~ A 7 1 CT %
& (LLF, SP-uCT) %, SPring-8 MAFFERH %
Mo —2uF A2 BLATXU B LW
BL20XU (ZB W CHIHFEETH 5, SPring-8
WZBWTIE, EEICEVWEE CERT 2 BT
B, TV ab—4 %N TNIBRITHEE L
MEATSH 25 Z & T, MO THLIWIFERES
MOE BT OND, ZOREEE, #El
BT E 7B B F EHRAMERNE L. &
WZE e E VB E 95 CT B x50
W LCW5D , S bIZ, 2ot Si(111)
D fEER R E MW THANT D 2 L T,
H—EEo X#BnEons, Beafbshiz X
F A BUBHC B U Y Lo il mifig & CT
WA AT 5, Ao CT migix,
L7z X xL F(2xbi LT, iE 2
K9 % Wik o LAC (Linear Attenuation
Coefficient, LLF LAC) fE®D 2 &kt/mfi % €
EIICERLTIEZHDOTH D,

L L, EHCROE R ICBW TR, &
WOEF BN X BN+ FmEE 4, w@e
® SP-uCT ClIFERLFIAERE R A5 = &
WTE72, ZOMBE~OXIGRDO—>2 L L
T XBRT 2 2 75 7 4 O 2l A

4 IRotathn
-, Axis
(7]




Too T LIE, B XBT ) 777 ¢ 8
DG E R, BEE XTI ) 7T 7 4
TiE, X HROBRE 5 B % L C [nl#sdh 2 i
SHD LT, EIZXBERHoICEERT 5k
HE TR 21T\, RIEOMILEZ X5, LavL,
[N HEHR DGR T IHE - T X FriTEE
LS < 725 —07C, Wil mieo il g
T — X DORENREL IR0 S & EART
HEHIZBWTTY —7 4 777 RBBEEIC
Ay ZOT, EOEEOERER S A S
D7 DITIE, X BB+ 3 2 &ipH <, [F]
Rl DR 2 WS NS THMEND D,
SP-uCT AL, 3k [ElfE X 2 &5
AT — VB LG REG AT T2 X #i
RS 12 L 0 AR S D, X R 2 1 1
2B L7 X SR A0 L0 TR
WAL, ZThEZBMERmL o X2k
JER L. CCD # A F &5\ L sCMOS 7 A T
TR TDHLDTH D, AN —UDHKI 0.5
um @ voxel THERL 415 CT i 2 1Rk 5
ZENHEETH Y, K1 um OZER S RRE
HLTWDZ EnfER SN,

4. WFRERRE

AL BN TELNRERIL, ROLEB
D Thod,

(1) FEHEMITIS T D97 & AR O AR
b, E&ft

FR-4 JLHIZ Sn-3.0Wwt%Ag-0.5wt%Cu (F A 72
WX o T, HE3.2mmx £ 1.6 mm OF v 7K
HLaA#ES., BXOHE3Immx ££3mm ot S
R ITF T BT H o TFHEE LI, FEE
W& Rk ORE 2T DRIk 2 x4 & L
Too IZATEEAHOBESIX, #140um Tho
7o T, B X HOERIBERELZBIET D
7212, JIS Hik& C60068 -2-14 Bl akR )7 i
(BEX - BT BEELIFEICHER L 72 InE
B 7 VB A B L2, Z ORBROEE
7a 77 AV, miRGREREE 125°C, (KR
PREFREE-40°C, {RF5HERT 30 min, B L VT
V7R 2 min TH D, ROV A 7 VT
HERAZDW L, EEX BT I/ 7T 7412
X D997 & HOBIE A ke L TR L7z,
K21, F v FTHEPLIOIZATEEEICBIT
L & Mot REE A 3 WoTEg TR,
X 2 (@), (b). (c) iX. FNZFNEY A 7k
BR A 400, 600 35 L TN 1200 B 7 L FEHE L T-
PR COmEBETHD, Kix, REBRIED E)
DREEBTHY, Ry REKET, JEHE
B LORA REEA TR, 400 1 7)1
DO FF ST O£ BRI & WR A
LTCTEY., A 7 VERET IO NERIZ
BLTWAHIZ NG5, 1200 A 7 VTl
AW AWITE T EHNERL TV DHHET
EHERTHIENTED, SblT, HHEH
DOREBZFHMLIZE Z A, BY 1 7 LB
DA 7 VOB L, I & EoFm
BNITITERAZEML T Z EB00 .
W 57 & 240> Y Hh kR FE X, 5.52 x 107
um?/cycle & JIE S 7=, XA TEHEA B4 Wt

- 4
300pm
I

(c) 1200 V1 7 L%
X2 F v FTHDIZATHSTIZBIT 5
P 5 & S SRR D 3 kT

[ (1.82mmx 0.75 mm) (2 Z OEE TR &
HNERT D EIRET D & R FHFMITN
2470 VA 7 )V EHEE Sh, EBRRER & L
TR Y R EE ST, LEX D,
W XHRT 2 7T 7 4 BHWT, FEHER
RN LT 52 L SERRIEMET,
FEFERO R, EEILEITO Z LA
HE&7poiz,

(2) R Li@ERN IR T2 /757
4 F=HZ ) TR OMeST

MR LEERN NICRBT27I 797
S L AESxOE=2 ) v T ERELT
o7, REBEIZ, & 20mmx g 1.2 mm ®
F o TEPINFEIE I N2HE3 mm x £53 mm
Dt T I w7 HRE, 40 mm x £40 mm
O FR-4 34K 12 . Sn-3.0Wt%Ag- 0.5Wt%Cu % A
PILEL s THATETFELELELDOTH
%o FR-4 FAR DI, F v TIRPUA FEEE
SN ET w7 MRS E%E 2 mm OREZE
HITHFICHBE L, ZOFREINTET v
ZHHUZ 10 min J@E L. F 0% 10 min FEiE
ERETERICIOTHIELZ1To72, 24
R0, XA THyTFEEHIL. BERIZH
110°C F T X v, FEHEED 10 min TEIR
(T E CIRENBRE T 5,

O LR RIS H DIT AT HEAEICE
WTC, ABRERZIERICEE L E £ T, il
EBLOBEE, TNWENORETTI I ) 7T
T AREEIT oz, BEREOIREIL, HBE



Ceramic die

Cu pad

ALY R L .« A ')

FR-4 substrate

Ag-alloy
electrode

iy

E‘Jﬂk

(b) w@ER
X 3 FEmER L@ EICBIT A R—IZAT
BAT D S 7T 7 4 BB O g

PRAIRBE N TE LT IR BE Tl & S5 0E L 72,
X 3%, Jp@E, BLOWEE., ThThodk
RICBITZ2I7I 777 4l zuErd, K
3@QBLT )W THhomEEL, [W—DX AT
o FEEEE D a2 —F—EIT BT, I
FEARMEZ R L TS, WTFNOERICE
WTh, B7 v 7K, Ag M, FR-4 &
W7 EOEMAHRICHER TS, 1TATEE
Cu/ Ny ROBERIT, XA TIEH DL D
D, TR DORA RHRHERTE HI1ED,
AgsSn FHNM T A TZDOMOHESr L0 1B 5 VER
e LTHERTE D, e LT, WHOH
BITITRE 2BV 5T, Mok LisEEk
REIZBWTH, ZOGBIEN S FREE 725
720

Q) FMEZOGE=F Y L TIZ L DB~ LR
XA N DOER

R LB EIRRBIC B D FEERICH LT, T
)T T4 EBEOR =LY T
iz L, WHBEBO~N AR A
MaE Lz, K41, BEICLDIZEY A2
ANERER (1% A4 2720 min) 2{To>7-F—o
EBRIKICOWT, TOIXATEERT O MR &
AT WS BT AL E TR ) T T

A

3\‘
Ay

(c) 11000 A 7 V4%
X 4 #u Lz X DY & 2ok RiE i
BRTTITT T 4 EBROH

T4 BB TR, T 7T 7 41X BHEH
ZLREI I % L CL 200 pm x 200 pm O [E & L 7=
BIELHEIL Areal 2R E L. AW OELE R
9, %4 500, 4750, I X Or11000 ¥ 7 v
OBEEAMFIZBIT LD TH D, 500 YA
I NVTHEIEINT-ZEIE. 1T & A ERIHIR
A REHRBND, 4750 Y1 7 v, 11000 YA



2.0E+04

1.6E+04 |- ; A —

126404 | F S - A C—

—o—Areal
- —A—Area2 |
—B-Areald
—e—Aread

8.0E+03 |-

4.0E+03
——Area5

~o—Areab

Cross-sectional area of voids and cracks (pm?)

0.0E+00 . . -
0.0E+00 S5.0E+03 1.0E+04 1.5E+04 2.0E+04

Number of cycles N

BB T COR 2B
B 5 & BREHOE(L

X 5 722K
D EIE R

Ny (SN PEL
NE i
j(%<’z§ﬂ%

7 v LA U AT ETIZHE Y,
Bzl sl & U 7o u N o7 2 20
BLTWDLZ ERG0nD, £,
LTWDET EH IR TE 7,
WHEHOERBEREEZERILT D7D
ZI7T7 4 EmigE I ﬁﬁ%ﬁ”k?ﬁ/f
K& & ieze E#ODU?@%E%HNE'JLKO X 5 i
1Y A7 B0 20 min, 38 LT 60 min O)ﬁ
BIZ KDY A 7 VR E2 AT - TR BRIK(IZ
BB, EHEHERLERA REETezER oW
%a@fﬂl:%r@“ 1%A 27 vBH7= 1 20 min O
BEICLDEY 1 7 VEBREIT - ZRBRIK
Tix, M4IRLT- Areal (2N z, [Fl—oH
BT 2B OB DV T b FERIZE
HIL., #NZFN% Area2, Area3, 18 X Aread
& L7z, WTFhOfEBIZEN TS, YA 71
BT e~ T, ZHWTHENIZIFHRIEIC
f%bl]bfb\é EINHERTE T, %Eﬂ‘ﬁ FEIRAN
BT B P & S R 1T, 0.78 pm%cycle
3%;0710 —Ji. 1A 27 &7-0 60 min O
BEICLDEY 1 7 VEBREIT - R BRIK
:Jbb‘“C?B B ZL5E 8, Area5 38 L UY Areab &
B IE ZEROWmfEEFHE L=, Z OJEH
Eb”f/f I NVATIZEBWT Y, A 7R
ToIZHE - T X AMrmAED . IZIEHRIIHM
Lﬂ\é LR T E T, %Eﬁ; TN TD
b SR 1L, BLE 1.90 um?/cycle
THY., 1Y A 27/ 20min DR & LT
MR NE LS 725 TV, WP OMER L
AWTH, HMmaHMiE A Re ThH o7z, LLED

£ 21z, \_ﬂiflﬁﬁé LIRS RNET
ol ARG BT DT O RFFhn

% U XA i / 7‘374’ PHW-E=
2T THEEF~FX =V A MT BN
ARE & 7o T,

5. ERRERLE
(WFgEfRFEeE . I oH3E J ONE
LT

GEstams) GE 7 1)
OMAFEZ, @ %, $IRiEz, ELFE,
EWE A, EEEKE, WK, KIFMh,

HHrTEE I

& FEY MR UEBEARNEZ T 5T —T
PNA AN 2 3 ) 70 BAA AR SR ME AR oD 7
DOWHRNT I ) T T T74F=2Y T D
S, SRR 29 4EFE SPring-8 PEZEHTS) %’iﬁ
A - I (EXES T FEfE S
(2017A) |, A—T 7 7 & A: https.//support.
spring8.or.jp/Report_JSR/PDF_JSR_29A/2017A
1556.pdf (5 #idE)
© Tsuritani, H., Sayama, T., Okamoto, Y.,
Takayanagi, T., Uesugi, K., Hoshino, M., Ooi, J.
and Mori, T., “In-situ  Monitoring via
Synchrotron Radiation Laminography of Thermal
Fatigue Cracks at Die-attached Joints under
Cyclic Energization Loading”, ASME 2017
International ~ Technical  Conference  and
Exhibition on Packaging and Integration of
Electronic and Photonic Microsystems (2017), pp.
V001T01A015, DOI:10.1115/IPACK2017-74177
(EFiH)
QMAEZ, @il %, #RiEe, ELFE,
EWEN, EEEKRY, BI7iER, R,
#* %373 DMK LIBEIRED N T —F N R
AT 2 X MFZI /7T 7 4
%ﬁﬁb‘f_f&ﬁ SHERDOERE=HY 7,
ik 28 4F £ SPring-8 F%%ﬁ"@?i%?ﬁ%ﬁ .
— AR (PEEST ) Fhi s & (2016B) , A
— T 'R https.//support.springS.or.jp/
Report_JSR/PDF_JSR_28B/2016B1568.pdf
( nJLﬁE)
@hAEZ, @0 %, EILFE, 2FEA,
FRBERH, ERHREE, B F D O X #
TIVTTTAHEHNTEANT =T N A
BENZ IR DT FF e DR, Rk 27
SPrlng 8 FE R E]’i%ﬁ%%ﬁ —fxaRE (P
¥4r0r) EhihdE (2015B) , A—F 0T
'R https.//support.spring8.or.jp/Report_JSR/
PDF_JSR_27B/2015B1566.pdf (it HE)
OALEZ, @mi%k, $frite, FELFE,
AR, 2FE AN, R#EN, &F
F o~ A 7 aiRE ORI R O 7260 D
R EE O T A W E o Al oRe kR B
SPring-8/SACLA FI|AWFFL % F4E Section B:
Industrial Application Report, Vol. 3, No. 2
(2015), DOI:10.18957/r1.3.2.497 (#FiH)
©® Sayama, T., Tsuritani, H., Okamoto, Y.,
Kinoshita, M. and Mori, T., “Evaluation of
Fatigue Crack Initiation and Propagation in Thin
Solder Joints by Using Lap-joint Shear Specimen
with High Stiffness Fixtures”, ASME 2015
International ~ Technical  Conference  and
Exhibition on Packaging and Integration of
Electronic and Photonic Microsystems (2015), pp.
V002T02A025, DOI:10.1115/IPACK2015-48605

(Emef)
(D Tsuritani, H., Sayama, T., Okamoto, Y.,
Takayanagi, T., Hoshino, M., Uesugi, K.,

Hanamura, T. and Mori, T., “Nondestructive
Observation of Thermal Fatigue Crack
Propagation in FBGA and Die Attached Solder
Joints by Synchrotron Radiation X-Ray




Laminography”, ASME 2015 International
Technical Conference and Exhibition on
Packaging and Integration of Electronic and
Photonic Microsystems (2015), pp. V002T02
A024, DOI:10.1115/IPACK2015-48553
(EFiA)

(¥ R] GF 10 1F)

OF% ZFF - @mliEZ v 7Y a1 MRBA
(2 K DT A TG 9% 57 T ARV I JE
TGRS O, HAKBKYAS M&M2017
MRV 7 7 L A, (2017).
QEIFIE - BE XTI ) 7T 7 412X
LR LiaEEZ T HEFERICEIT DX
AT Z oy FHEAEOIMEBILE, AAKK Y
= M&M2017 MBS v 7 7 v R,
(2017).

@#IREL « B X CT & V7= iZ At
BEIMOIEMEE O ZEHH, A A 7=
M&M2017 ¥ 158 > 7 7 L v A, (2017).
@ Tsuritani, H., “In-situ Monitoring via
Synchrotron Radiation Laminography of Thermal
Fatigue Cracks at Die-attached Joints under
Cyclic Energization Loading”, ASME 2017
International ~ Technical ~ Conference  and
Exhibition on Packaging and Integration of
Electronic and  Photonic ~ Microsystems
InterPACK 2017, 2017.

O#IRIEZ MR LIBELZITOXAT 2 v
FEAEHOBHANT IV 777401280 %
OEEER, 5 31 =L 7 b= AEER
SRR, (2017).

O@EIFIE - BE XTI 7T 7 412X
DMRIBIEE AT DITATEESTICRB T S
B 95 S HOHEMEEBLEE, % 30 mlx= L7 b
B =7 AP RFEFFHRFIRE, (2016).
OF ZFF - mlEZ v 72 a A v Bk
VT IT A TERE A O T FF 12 KX
O Bl O AR, B AR -2 2015
R RS, (2015).

OEWRE : 7 777 41X DITATERE
BHBIZRT DG & HOBEE, FH15M X
~A7mF /) NETT T 4 —F5EE, (2015).
@ Mori, T., “Evaluation of Fatigue Crack
Initiation and Propagation in Thin Solder Joints
by Using Lap-joint Shear Specimen with High
Stiffness Fixtures”, ASME 2015 International
Technical Conference and Exhibition on
Packaging and Integration of Electronic and
Photonic Microsystems InterPACK 2015, (2015).
(0Sayama, T., "Nondestructive Observation of
Thermal Fatigue Crack Propagation in FBGA and
Die Attached Solder Joints by Synchrotron
Radiation X-Ray Laminography”, ASME 2015
International ~ Technical ~ Conference  and
Exhibition on Packaging and Integration of
Electronic and  Photonic ~ Microsystems
InterPACK 2015, (2015).

6. AFFERERE

(OUEE =1

K4 &l FE (SAYAMA TOSHIHIKO)
FriEikEs - R4 - 4

IR TN 7 — -

PR TP FERT Bt s X T LR -

(S

WrgeEde 5 40416128

(Qrge s

K4 : #9872 (TSURITANI HIROYUKI)
PFriEigEs - R4 - 4

IR TN 7 — -

B R 1A 50T B s A7 LR -
FEEE

WrgeE 35 - 70416147

K4 : #&% #% (MORITAKAO)
FrERE - R4 - B4
BRSNS - TR0 - 2% (TR
FgeE 35 1 30275078

() EEMF T

K4 . B f@#KE (KENTARO UESUGI)
FriEi&Es - R4 - k4

RN m R se e v & — -
RIS A A —D v 7T — L -
ES =

94 % 5 - 80344399



