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1.1 #FEOE R L LEH

T, #EArEE RS, PDA(Personal Digital Assistant), T/ XA WYy, FUXILH AT Y
ICREFE SN DR A RIEHFE RGN/ HBLL, 4% b I oo/ Y - ik & 2k £
FIIET L L TRINTND, 20X REHE RS OTAIIKIST 5720, HEIRPIEIC
L INDHHIR Ny =D/ IV & ZHEREAL - EMERE LD FEBN LB/ > TN D, ZDHE
RITHHET 2728, Her B Fras ik 048k 3 v /- — 13, DIP(Dual Inline Package)lZ {3
INDHEARARSN Y r—U 0 n, Fig.1.1@IZ "3 X 5 72 QFP(Quad Flat Package)lZf{3E &
NADEFEAR Sy r— VN ERE 7o TE T,

BT EE TR O A REAL - mtERR b D ERITH LTI, FER Ay =V o AN AE S E
BABELT ZLPBEL RS> TND, 2O AUITHIET D728, — kot FALE O QFP (Fig.
1.1() Z#E{LIE, A= RIS F 2 PRI R ERE L= VT T LA 2 AT D
BGA(Ball Grid Array)®#/ S v 77— (Fig. 1.1(0)) NEME SNz, SHIT, BEE Sy r—v
YA Re KRBT 5 2 L S AMCEFEBT L2720, [TATENFORE » FARK LTV D,
— IR 7Y o FERICHEEE SN D BGATI Ny =T, i E Yy F 0.5 mm DNy r—Y
WEEEHA SN TND, 20X RERND, HAEE ARG ICITEEEFLE L ZRRbICE L7
BGA ANy r—2L LT, LSI v 7 &Ry r—UH 4 XEPUTIES LV CSP(Chip Size
Package) & PRI D /NS r — O REEER A SN TV D, BGABI Ry r— V2T ATER—L
TV MR (PWB @ Printed Wiring Board) (Z32%% U 721X A 72 HaRe TR G 2 Fig. 1. 2
VR T, FATEIE, RNy r—VRlB L0 Y o ERRIENLERO Cu Xy RICHfE S, BR
BEOA I =T x2—=RATeDH L LbIT, FEENy r =27 > PESRICHEE L TV D,

Fio, EFEOBRE LT, Bk LB RO/ - 8L, SRR EEERICIMA T, BREIC
L CHE LR DWEOERBHISIEL TE TS, BBy r— D7 Y o h RS
HERMWV BTV Sn-87Tmass%Pb (XA 72 (LLT Sn-Pb & ITAZ L Fd) ICEEN 28 b

R ED—>TH %, 2006 4F 7 HIZHifT S 172 EU @ RoHS 54 Tid, —H#ORE &R <



Resin (Encapsulant)

Au wire

Dielectric Ao olati
adhesive layer g plating
(a) QFP
(Encapsulant) Au wire LSI Chip
Mold resin

y
(1] e

BGA substrate

Solder ball Dielectric (Interposer)

adhesive layer
(b) BGA
Fig. 1.1 Structure of LSI package: (a) QFP, (b) BGA.



Mold resin
(Encapsulant)

Package
BGA substrate

(Interposer)

Pad

Pad PWB

(a) Outline of solder joint.

Pad BGA substrate
(Interposer)

Pad

PWB

0.1 mm

(b) Picture of solder joint.

Fig. 1.2 Structure of BGA solder joint.



BT OII AT O E 0.10 %L FICEHT 52 L 2RO TS, ZOBERICHIET S
72, Sn-Pb HEITATEOREM & L TEZEDHR TV —ZAEMBPRESNTE (1], FEK
Ny r—=VORETIE, GRATIEIH L2, SIRVBERELS, BEhles U —7 82 rm4
Sn-Ag-Cu RIFAENEMENTWS, Lk L7z BGA B Sy 7 —PICHV BN B IFA T R—L
MiZ, BARIZBWTIE Sn-3mass%Ag-0.5mass%Cu IZA 72 (LLF Sn-3Ag-0.5Cu 1T A7 & Fd)
WEE 2> T B2l

HERD Sn-Pb LT A M BE T U —IZATZTH D Sn-3Ag-0.5Cu ITA M ~DY) 0z
IZE o T, BN BIE b L CE 7z, $h7 U —IZAEMOBERIZ L - T, IRATEHERH OB
M2 ) E SRS OND, L LEDO—FT, IZATEROBERA N I3 Dt
PEDIR T & 72 > TE 72[3-6l, BN AM SN2 %E, Sn-3Ag-0.5Cu (TAZH Z {7z
BGA B X r — T AT RS ORI, Fig. 1. 2R LTZIZATEM & Cu Ny K& DOERLR
IR S D e B G TRAET 515,7,8]. Sn-3Ag-0.5Cu IZA 7ML, Sn-Pb 3dHITA 724
IZHRTHIRVBRENE <, BOVMECH 5[9-12], Z OMEHHED -0, 1XATHM BIROER
2 R DISTIRERNDI D 70 < IR A TEERE IS @V IS D238 E L, 1 < CThaW @8 k&4 Thidk
WRET D, SBIZ, HHEFHRIEOmEBE IR L ZHELICE > TBGARL Sy 7 — 2Dl

TR TR0, ITATER =N A APNESL o TWBTED, FATER—VETY M

i

=

WM & OEHERRE MG/ LT D, 20X S el EOflN G, 1TAEERTICRET DG
NBEVEL 2D, FHERAMICHTDME~—Y BN oTWVd, LEN-T,
Sn-3Ag-0.5Cu (LA 728 & A T el T, BRAMHIIH D IR BT OfeSL &, 2
£ o TEBERMPED /R o — UHEE R A 2B 1 2 F2BL3 2 iR G HE AT O #e N 3 BB 7R AR
Lo TNA,

PARERECT VAV A T e E O E TR IR S D BGA Ry r— U DI A T2 HEGE
I, B K & BGAT R » 5 — D% 7Y o IR I 2 Bl TR TR AN 2% 5,
B RO EBAG I, HEHE TR RO TIC L 2EB® Ch 5 (138-15], Wi TR M

DOERARL, BT, 7 h I I L Ry o — S0 HE T O T O



PEFET 51 o —F v bT A MDOT A T a—THERR, B2 X o CHEf S - o
TV MEREERCAET 258 RETHD, ZRITMA T, HHEE RO/ - BELO
FHUE, FERARy =L b7 ) v MR A A0/ LB TH D, Z O[S
BGA B S or — CESIET & IR, 77U v NEBSREC Y o N RIS =B O

R 72 EICEIEINDGERHIN L TV, 20X ) REFTTIE, SR L TT Y > K

S

SEGCETET D7, L0 REREBRAM 232, 1FATZHERIMOBIRNPEE LT - T
W5, ZOE DI BGAR S =V DI A TERER NS, AR R R RS TR T oofi

BRI MR BEL o> TN D,

1.2 ZThE ToREAFLE & BER

7Y v N EERIEEEIRRE T D BGA B Xy o — NI A TEHERE O BB RN IL, kL2 X9
(\ZHET AR IR D P8 T I K D A 1IN 2 CHdE TR TIEM 3 2 B AT I & s d
DN D, BRI I O T s LI BR M ERER Tix, a0 b ozl
B & LI TRy i S5 (13l, Zof, BGARI NNy r—U %3377 v MR
W%, BRI A LR HICEE L7 AR — RLULRBR A IC L 5% PR rhh ¢ &
72[16-20], =51z, #HEHFE R OERMIEAL T, MAMEREL & LT8R S BER E
TOW% FRBRZM#HRY IR LATO ZENERINDIGENRL Y, LrL, THN0O%K Tkl T3
R FROLERZRICE TE I D@L RGBT —EIRHD T ERREE L 72 5729, /AR
B RICIEODENELD 2 LRboTo, ZOMEITKHILT 5720, B FHEEHEOR TR
TRTOEBRAM TG L, MBROZEN &R RO BFBEICEN T BGARL Ny r— Vi3,
TR R RBR TVE DML N E N T,

Tz, 7V 2 PHERFEEREED BGA 1T A 7ZHE S E R MIVEREAL TIE, i U7o#k vk U
BRI T DIMAMEZ B DN T 2N B 5, Z DITATZHRHERIMERMIOfEE S LT
U MERIZHAET 2 HEROT AP 6T 5[5,7,18,21-27], HM 5 [18], Hiff 5 [23]

BROHEE O [2403, 5 DMRFR U7oEBRBRIC X 5 RO 7 L HERERER TR O RO 7



& DR, HAOT A IR & EERARNTHE R & OXHGTT 217> Tvd, Reiff 5[5]%° Lai H
(7113, BGA 1 A 72 Hef5e S B ML D BB IR A 2 A O A Ko TR L T %, L L
EROT B % ATz BGA 1T A 728 O A MEREAT X, Pringle ©[22], KAk 5[26]35 L O Seah
527D FEBAE R ENBE SN TV BT THDH, 2D H, Pringle 5[22]%° Seah 5[27]1%
PR BAR O 7 JE 03 R VORI Tl 2 REATE L TN 2 O C, iFERART D L 9 22 A O 7 J5
DRI TOIX A TE R E R AMEDL F IR S TS EFFE AR, ZOXHIZ
BGA B N b — IR A T2 B O M AP II AR 22 832 <, B O A L IT A TEHEREE
Tl i D BAFR &2 FZBRIC & o TEEANICMETT 2 Z L RAI R &g > TV D,

S HIZ, 7 U —BGA 1A TZEHGEBE B MM L6 2 HAR O 2 JEH 0 2 e L7z i
M OOFTHEERIENED, Seah 5[27]%° Robert 5[8]ic k- THAE SN T 5, Seah 5[27]
1% BGA [F A 72860 O mif dh (79 57 aBR 217V, SRBRJEI D & < 72 D EEDME T35 & ik
RTW5, Robert HI[811%, 1A EBHEHMMEIE — FICOT HEEREERHD Z L 2WE LT
BY, OFTHEEDR G IRDITHE, (T A TR OIEPERREE A e S i O Me bR BB T 5 &
IWARTWD, ZD K5 B2 R348 7 U —BGA [XA IZHR OERMMETAMN CIE, e
WrE— N DR O A HHKAFIE 2 5 22 SRR L AT G AT OB IS K > T O MNITT 5 Z &R
HETH D,

7Y v MERICERE SN DGR Ny — U0, B SN D R OO S, A XB
FOBERER EIZ Ko Tk A R38R L 70 D, £ LT, HENAM SN EICEE I ITA
TR DA T DO 0T HEENL, Ny r—IUE07 Y o RO ACIRRE, ERE e &
TIRE D FEREBORMIMEICE LEKFET L B2 605, ZRETOFERIZLY, Sn-3Ag-0.5Cu
22 EDIXATEM DI — OF BRI 2 O B E R 2 R T 2 L AL E e o T
5[10-12], L7228 > T, 1A TEHSGE OB 2 & =t il 9~ 2 583, #EH S o R E
ERREL, TS LIZIZATEMOOTAHARELZZBRT L ENMNELRD,

RSy =V OG- BRI TIE, WUy =T a2 7Y RIS U7 SRR

A X D ERIMERER 2 TON D, L, 88y 7 — DR O SR 2 TP RE S



TUTHIE L7 3BT FEME T X 2 7e ), FRER 2 SRR R A L 1= RAFIC L 2B D 21T
NOGEEDNELIeo> TS, ZORER, O HEERFNEZ BB L/ aHli2 55 T & 77, fRER
RN D AN TSI RRIZ DWW TIE BB 22 B R MR 2SN & 72 > TR Y, (ZAEHReE O
BEMPE RAR S DRSS S RIBERREMED T A NI A 2R 5 ETHBEL 2> T
2o ZZT, BAIMOOTHEERFELZOE L, —n b SACRFIRFEERIC X D13 A 12856
D TE B 7R BTN R BT 2 fENL 5 2 & 2%, BGA BNy r— U OG- BFEIZ IV THRD

THEE > TV,

1.3 BHRBAWMCILY 7Y U PERICRET D EHROT L0 EZHIF]

Lim 5[13]1%, BGA Iy —U% 7Y o MEMRICHEE LT 6 OB L% T 1,
7V 2 MERICRAET D2 EKOTHEZREL T D, T2bbi b, 7V > N ERE O BGA
BNy r =D OT T — D& b, EREREOM & 2 10 MEZ X 2% Ta S 1m ORER
AFERLIZL ZA, B TFEEEE ms ORFFICRK 0.32 %DHEROTHBFAE LT Lk ~Tn
%o ET-HM51R018], #HERE 1.5 m OF SH 5 LCD (Liquid Crystal Display) i % R[]
TS LIEBBACHE NI GE, 7V v MEERICRK 0.09 %REOOTHARAE L Ll L
T2, mEGR281IE, 1.6 m OEINOHMHEF L% NS, 0.5 ms ORFHTK 0.1 %D HEHK
OTHBRFEAE LT LR TND,

B A 1.6 m OFEINDLARE FIEGEICT Y v MERIZHAT 2 ERKOTHOH
ERER[29]% Fig. 1. 3 B XU Fig. 1. 4 1R T, HEROTHITT Y > FEEHREmRICAE Y 1720
FTHTS=VTRHESNTEY, B THME, #HHEFRICERSNTWD 7Y & M EEROE G 3
2N S (BRI & AKFEIZ2 55 ThDH, Fig. 1. 3B LU Fig. 1. 4 /.5 &, % FE%E%
BELZ 0.5 ms ORI TENEIN 0.3 %, 0.13 %BOFKEROTHBHELTEBY, BRKOTH
DOFKAE, ZORKEE TOBERM & HIC Lim 5 [13]0#ERF & FREICZR > T\ D, KIZ
Fig. 1.5 1%, TV X NVAF NI AT % 1.5m OFE I HRE T SET5HE OFEROT ZAER

RlBolTh s, HFHENT EROEHREFHOLE LR U THD, 0.2 ms DREFT 0.21 %D K



Drop height:1.5 m
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rop test of a cellular phone(1)[29].

Fig. 1.3 Strain measured in a d
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Time (ms)

Fig. 1.4 Strain measured in a drop test of a cellular phone(2)[29].
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Fig. 1.5 Strain measured in a drop test of a digital still camera[30].



EWROTHPBAELTEBY, HEREGHEOR FMREEFRIRREL RS> TS, ZADLDFERNLDND
2, #EEFIREEDOE NI K > TR W REBRIEBROTHNAEL D Z &0 6, EHEAARIC

KT DINLA TR DM PERELR S L EE & 72 D
BGA Ny r— %7 ) o b EEBRIC S35 2 Sl TR T S iR A 47 O f 2 Fig.1. 6 (TR
F[30], Z oI, ERESNIEEO T Y o MR EER ISR TR 2807 Y > bR
KEDIEROT B, 7Y o b IBOERE TUIWTEFT & 722 2 FE0m 0 SO OT AT — V%
AE> THIE L TW5, HERUIF D4 TRIL Fig. 1. 6@IRT L9180 1s TH Y, Hm v Bl
Wity (Koo A K (IO HOERFHZBI AT O TV D, S5 Y EREITIE O 57 2 4k
KLTFig. 1.6MIZRT, ZORERS E, 5 ms OFIZ 0.1 %REE DO FEROT HOEE N H
Y, FEROEFRIGIE TR W TEB 2 AMAE L DR H 25 2 L35, IRIZ Fig. 1.
TE, PHEER Y =% ) o NERIZIE UTORBBETIE T O 8, EidL L CRER %
Fhi T HBRCHE T SEGE 2 E LEEROTZOMER R TH 531, ZoBlETIE, 7Y
¥ MR (A X0 RS 100 mm X iE 50 mm X JE S 1.2 mm) OFHEHHRIC 17 mm 4 —336 &
YO BGARIN Y r—U % TEFEEL, Ny r—UEHEZ THMEICLTImDOEINLEFS
Wi, BEBROTHIEL, RNy r—ya—F—mHE 0T O0T A= THEL TS, T
B, BLE 1ms ORI 0.25 %DIROTHRBAELTEBY, 7V v MERKEEOKE T THH
20 OEBAMB MDD ZENbhD, 20X, BETRIZBW TS, EHEFREEOR T
& RROE AR MDD v RethE 2 o 2 720, fE TRNOEER HAHE L7z BGA 1T A 72HRES

DEEMIVERER SR AT R TH S,

1.4 ABEOHW - NE

L1870 1.3 BTl ~_7= L D18, #mE o2k - mEEFE(KIC LD BGA Bl
BR Ry r— TV DIXATEHR A ZHME & XA TEM D8R 7 U —{RITPE > T, BRI T35
DO TG BINT A TR I ET DIS R L TV D, FRIZIZATEM D87 U —{kiZ L - T,

HA PR R OV T R0E TR TOMBRAMIC L 5 1LA TEEREE O S L & Mg
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(%) 9Md 40 uless aoepng

1000

800

Time (ms)
(a) Whole process of PWB cutting.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.2

(%) gMd 40 ulenys aoepng

-0.1

180 190 200
Time (ms)
(b) Instant of PWB cutting.

170

160

Fig. 1.6 Strain measured during PWB cutting process[30].
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Surface strain of PWB (%)

0.3

0.2

Package:17X17-336pin
PWB thickness:1.2 mm
Drop height:1 mm

Time (ms)

Fig. 1.7 Strain measured in a drop test of
a PWB mounted BGA package[31].
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BEAEL L, 1EKRD Sn-Pb HLfbIZA M LV bEBEMENMET 725 Z LML o> T2,
TV —IATER =V 2R LT BGA BNy 7 — D OBRFE TIX, 13 A TEHERCER O B M 2 44
5720, 7Y o RGOV OB IS K D EEIMERBRA AR E o T D, L,
MR TON Tz TEREABRIT, WBRA O% TIREBIC L > TRBRFEERDSIT -, EEINTH
DO mm W ERINERBR S NEE L 25580072, S 51T, RHEFEE S LTHW STV 2 5K
O B T A TR ERR I F Ay & OAHBAMESS, 1ZATEM DO OF B FEEARFIE S Hoicitfe s T
WiRinoTo, Eiz, BREMEICET 5 BGA TNy r — U O FEHMEERRRHTIE, A IRESFE LT
72 E % W T2 EBRIRFHIHAN (C X > T A ZEERGB O ERMIHEZ THIL, 2 O/RICESWTHE
EREORE(LZX D Z LBROHLNTWND, LinL, BGA BNy Jr— DR A TEHERH O 15
M 2 5Pl 9 % B 6 O A RESRIEFATE 7 VR FE IR 22 S oW T F o e i e s T
BOT, EEALEBMIEFEEAN OMEZIZITE > TR,

T ZTCAMIETIE, (1) ZEMEAm b L ERERERIT L0 ML & RO A2 461E & L7z
PERHAE ORENZ, (2) $n 7 U — 3 A 7o e BT EE M 0D SEAEREE (R A ME-O B IR A E D TH AL,
(3) $07 U — XA TSR AT OfEL, D=RaERANE L THRFZED 5 Z &1
L7z, BB GIEICHOW TR, #ERFE RS OR T 7210 Tk < S TR OEEAATIC
HRIS L, B TREMICENTZ T Y & b BEAREEIEIRIE D1 A 7B B MV RABR 05 75 2 e
T 5, ZORBRITIEEZMNT, BGA RSy r— U328 R F D13 A IZBRe i E B M & ZER O
T L OMHBIMEZ FERET D & & bIT, EERMIMEIC KT T LG A BRI AR I T & D Haik
OFT RO BELZHBINTT D, S BIT, [ZA TR EEMM:OBEREST 24— 7 1 LA
R & 2 Al ORAFIE 2 S L, IR BRAR $H-OMT ARG ORGHER 2 R T %, DO,
BGA Bl Sy iy — VARG OB BPSIZ B 1 2 E B2 DI B2 A e B e S E R M PR R
i 2SS D728, AIRERIEMNT 2 W c iRl FE 2 et 5, 2 ORMEFETIE, 7
U =12 A TEM OO B EARAFME 2 B AFUT- A TREESRVEMRAT 24T\, 1R A T e i€ —

BB L TRE LIZISAIC & DRl O 2 42w T 5.
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1.5 WROEDH L AR O

AWTEaHED D128 T- - T, it 5 & T 2 8Ky r— 2% Fig. 1. 112" 3 BGA Al
vr—UE L, ZHUE—2ITlE, BGA B Ry r— U N EERE( & @B b A NI T 5 B
HENT NNy S —URE L LT, A% bR AR 72T T < BB BBERRORE R e L £ <
OEREIZHEA SN 72D TH D, b 5 —20OHMAIL, BGA RSy 7 — YO EORETH 2,
T2bb, BGARI Ny r—U X Fig. 1. 1@IZR LI2ieko QFP ANy r—r o L 57 — K
DEFGNT X DIEIIAEFIERE & FF - 7o il & 72 o T D, ZOMEE EORHE D, B L 5 72
HERASE 173 Fig. 1. 2 1R LT ATZEEREEICEEEE L, 18kD /Ry Fr— v L0 FME 2K
TS D, E EOBMEITIZ, Sn-Ag-Cu £ 7 U —I1T A2 %2 iz BGA 1T A28 I,

kD Sn-Pb FHIFATZITHANTHWERFEEWNIES BRSNS 2 &I K D EEMVERT

i

=

DOER DD, Z DT, BGA By r—2 O 7 U —I XA EHER I IR S > r—
LV LWEEENER SN D,

LIF, AL OMIZES KEEOMEL RS,

H2ETIE, #HiFE TSRO FEME LT Y & MR EISGABR A OFRERERIZ L - T, 7
U ¥ b B O IR OT IS K DT A TR I BRI LRl O 2 Bk 2 i+ 5, 87 U —
BGA XA 72 Oy & BALOT & OBMRZRIE L, EEMED 7Y o hERER A
PERL 7Y o MR EER IR Z I B C T D, F72, 6 IR TH 2 #5475 i e Ol
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Fig. 2. 2 Falling jig for drop test.
(fixed at four sides)
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Surface strain of PWB (%)
o

0.1 |-

Magnitude of strain range
for life evaluation

PWB thickness:0.8 mm
Drop height:0.5 m

|
|
|
|
|
|
:
[ T T S R |

Package:18X18-264pin |

5 10 15

Time (ms)

Fig. 2.3 Strain waveform of PWB at fixed four sides of PWB.

Table 2. 1 Measured strain of PWB during drop test.

Strain of PWB (%)
Pack Number of
ackage measurement Standard
Mean o
deviation
With controlling P-BGA
plate 11X7-72pin 21 0.18 0.06
Without Tape-BGA
controlling plate | 18X18-264pin 20 0.15 0.03
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PV\\IB Pac\kage Falling jig

Falling
z PWB lig
X O A
(a) Direction of Z / upward drop
\ . Package
7 X Package O PWB Fe}liléng
(b) Direction of Z / downward drop
Falling
Jjig 1
Package) :
PWB— :
1 l—{( 41
Y X
X 1L (d) Direction of X

Surface strain of PWB (%)

0.2

0.1

0.0

(c) Direction of Y

Fig. 2. 4 Direction of drop tests.

Package:13X13-240pin
Direction of Z/Upward

Time (ms)

Fig. 2. 5 Strain waveform of PWB in a horizontal position drop.

(a package is in a upward direction)
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Fig. 2. 6 Strain waveform of PWB in a horizontal position drop.
(a package is in a downward direction)
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Fig. 2. 7 Strain waveform of PWB in a vertical position drop.
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Fig. 2. 8 Strain waveform of PWB in a laterally position drop.
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Fig. 2. 9 Effect of thickness of PWB on cycles to failure of solder joints.
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Fig. 2. 10 Relationship between strain of PWB and drop height.

30



0.4

Package:18X18-264pin

i PWB thickness
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Surface strain range of PWB (%)
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Number of cycles to failure (cycle)

Fig. 2. 11 Relationship between strain of PWB and cycles
to failure of solder joints.
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Fig. 2. 12 Falling jig for drop test.
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Fig. 2. 13 Strain waveform of PWB at fixed two sides of PWB.
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Table 2. 2 Measured strain of PWB and cycles to failure
at fixed two sides of PWB. (Package:18X18-264pin)

PWB thickness | Drop height Cyc:Ies to Avera.ge
(mm) (m) failure strain
(cycle) of PWB (%)

0.8 0.3 17 0.191
0.2 24 0.163
1.0 0.3 7 0.235
0.5 1 0.248
0.3 13 0.186

1.2
0.5 1 0.283

0.4

Package:18X18-264pin

03,5 Fixing condition ~-
O Four sides
A Two sides

0.2 |- x - R

0.1

Surface strain range of PWB (%)

O 1 NN |
1 10 100 1000

Number of cycles to failure (cycle)

Fig. 2. 14 Effect of fixing condition of PWB on cycles to failure of solder joints.
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Package:23X23-352pin

i Four sides fixing jig

o

Surface strain range of PWB (%)

0.1 p=Direction of Z % ‘
[~ Direction of Y : \
Direction of X : >
! ! N3
| YNT L YN2
0.01 bl el EE——
1 10 100 1000

Number of cycles to failure (cycle)

Fig. 2. 15 Evaluation method of fall impact reliability by modified Miner’s law
for tape—BGA type packages.
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Four sides fixing jig
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Fig. 2. 16 Evaluation method of fall impact reliability by modified Miner’s law
for P-BGA type packages.
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Electromagnet
for gripping rod

o~

PWB
Cramp

Holding U ~| .
device m Drop
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(a) Outline of testing system.

Cramp

PWB

(b) Clamped area of specimen.

Fig. 3. 1 Schematic illustration and picture of prototype of impact bending test.
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Fig. 3. 2 Measurement points of surface strain of PWB.
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Fig. 3. 3 Strain waveforms on surface of PWB.
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Package:23X23-352pin
PWB thickness:1.2 mm
A T i s Span:60 mm .
Rod weight:75 g

Drop height:150 mm

o1 fp-f- N

Surface strain of PWB (%)

Time (ms)

Fig. 3. 4 Strain wave form of PWB failed at the first impact.

Table 3. 1 Compared with difference of measured strain of PWB.

Strain of PWB (%)
Test method Number of
measurement ) Standard
Mean Max. Min. .
deviation
Fall impact 18 0.20 0.27 0.15 0.035
Impact bending 20 0.20 0.21 0.20 0.003
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Fig. 3. 5 Picture of package mounted specimen.
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Package:13X13-240pin
PWB thickness:1.27 mm
Span:60 mm

Rod weight: 75 g

03 |

Drop height
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Fig. 3. 6 Influence of drop height on strain waveform of PWB.
(P-BGA 13X13-240pin package)
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Fig. 3. 7 Influence of rod weight on strain waveform of PWB.
(P-BGA 13X13-240pin package)
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Package:13X13-240pin
PWB thickness:1.27 mm
Rod weight:50 g

Drop height:120 mm

02 | | |
— Span:40 mm
‘ Span:60 mm
01 7“4 }+--V+-—---\-—--- — Span:90 mm "~

Surface strain of PWB (%)

0.0

Time (ms)

Fig. 3. 8 Influence of fixed distance of specimen on strain waveform of PWB.
(P-BGA 13X13-240pin package, Drop height of rod:120 mm)
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Fig. 3. 9 Influence of fixed distance of specimen on strain waveform of PWB.
(P-BGA 13X13-240pin package, Drop height of rod:200 mm)
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Package:21X21-272pin
PWB thickness:1.27 mm
Rod weight:100 g

i Drop height:50 mm
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Time (ms)
Fig. 3. 10 Influence of fixed distance of specimen on strain waveform of PWB.
(P-BGA 21X21-272pin package, Drop height of rod:50 mm)
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Fig. 3. 11 Influence of fixed distance of specimen on strain waveform of PWB.
(P-BGA 21X21-272pin package, Drop height of rod:100 mm)
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I

PWB

Solder
— Interposer

Package
/ Chip

Lf,x Encapsulant Center of mounted specimen

Fig. 3. 12 Finite element model.

Table 3. 2 Material properties of P-BGA package.

c ot L(:)L:ir:;glui Poisson’s | Density
ompone (GPa) ratio | (10%kg/m?)
Chip 190.0 0.07 2.30
Encapsulant 20.0 0.25 1.85
Interposer 350 0.16 1.85
Solder 40.1 0.35 7.30
Printed wiring board 210 0.16 1.85

54



2.5 ; ; ; ;
Package:13X13-240pin | |
PWB thickness:0.8 mm | |
20 | Rod weight:50 g | |
€ Drop height:100 mm ! i
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Fig. 3.13 Deformation behavior of PWB 0.8 mm thick.
(P-BGA 13X13-240pin package)
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Fig. 3.14 Deformation behavior of PWB 1.27 mm thick.
(P-BGA 13X13-240pin package)
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Package:21X21-272pin
PWB thickness:0.8 mm
Rod weight:50 g

Drop height:100 mm
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Fig. 3.15 Deformation behavior of PWB 0.8 mm thick.
(P-BGA 21X21-272pin package)
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Package:21X21-272pin
PWB thickness:1.6 mm
Rod weight:100 g

Drop height:100 mm
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Distance from center of PWB (mm)

Fig. 3.16 Deformation behavior of PWB 1.6 mm thick.
(P-BGA 21X21-272pin package)
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Package:21X21-272pin
Span:40, 60, 90 mm

Rod weight:50, 100 g
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Fig. 3. 17 Relationship between strain of PWB and strain pulse duration

in bending impact test. (P-BGA 21X21-272pin package)
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Fig. 3. 18 Relationship between strain of PWB and strain pulse duration

in bending impact test. (P-BGA 13X13-240pin package)
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0.6 ‘ ;
i Package:13X13-240pin

! PWB thickness:1.27 mm
05 fr-mmr Span:60 mm N

| Rod weight:75 g

Surface strain of PWB (%)

1 10 100 1000
Number of cycles to failure (cycle)

Fig. 3. 19 Relationship between strain of PWB and cycles
to failure of solder joints.
(P-BGA 13X13-240pin package)
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Fig. 3. 19 Cross section of failure in a solder joint.
(number of cycles to failure:7 cycles)
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Fig. 3. 20 Cross section of failure in a solder joint.
(number of cycles to failure:22 cycles)
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PEREAMIZ 1, Fig. 4. 3 IZXUR L7z IESE0IR S — I O FAR O A die RAE & A Uz,

7 U — X A TEHER S O R M 2 BAR O 7 & 1T A I B b 2 & FH VO CRET L 72, R
U7V v MEWIED TR 10 @f2EL2 —fH e L, % Try FEEE Y > RO EE R
ANRE—DRRET, BB EICe Yy FOETEI 2 L2 T2ilBRaiTo7c, —DORBRA IOV
T, By FETFESZEE LEERO TR —EOSRME T TR IR LERE 5 2, (ZATPEREN
9 5 TORE T ey ROEEREEZNE L, HROT A LWk 2z Rz,

XA TEHERCER ORI, 1T A TEHEREOBIEREIZ L > THIB L, Ny r—2 L7 U v b
M3 R T OIX A TEBE R 2 AN LBl N2 — > (T4 O—F = — ) 2 E Tl (Fig.
4.228) KL, RBPOEBETLL Y T AX A LTHE LTz, FEROT 2 & FRFCHEIE L
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(a) Outline of testing system.
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(c) Outline of Clamp jig.

Fig. 4. 1. Schematic illustration and pictures
of impact bending test.
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Fig. 4. 2. Measurement points of surface strain
and measurement of voltage across solder joints
between package and PWB.
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. 4. 3. Surface strain waveform on PWB and voltage across
solder joints between package and PWB waveform.
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JEOBHBRIETAAELTOVIZZR->TEY, ZORRTIIAZERH MK L2 L23bnd,

LIeDo T, BEEENOVIZR-TeE Ty FOERREEL A LA IZHREHE OMMiEam & Lz,

Package

Fig. 4. 4 Picture of package mounted specimen.
(21X21-272pin package)
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4.3.1 FEIEEBRAF O

ZZTCORHMEIZIE, FU Y MEREA U HX—AR—H L L7z 21 mm A P-BGA v —T %,
7Y v NERICHER LT Fig. 4. 4 [ 732 B R 2 HWe, Ny —T o5 EY 1 XE 21
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Sn-3Ag-0.5Cu Th %, v —THA 2 —FR—%FD Cu Xy KD > X [LEM Ni/Au TH
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Fig. 4. 5 Influence of distance between clump points
on strain waveform on PWB.
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Fig. 4. 6 Influence of distance between clamp points of PWB
on cycles to failure of solder joints under impact bending test.
(PWB thickness 1.6 mm, Rod weight:100 g)
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Fig. 4. 7 Influence of distance between clamp points of PWB
on cycles to failure of solder joints under impact bending test.
(PWB thickness 1.27 mm, Rod weight:100 g)
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Package:21x21-272pin
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Fig. 4. 8 Influence of distance between clamp points of PWB
on cycles to failure of solder joints under impact bending test.
(PWB thickness 0.8 mm, Rod weight:100 g)
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TR RS X #451E (EDX : Energy Dispersive X-ray Spectroscopy) TAYHT L 725 5
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ad on PWB

Intermetallic
compound
Pad on PWB

8.1mm >

(b) Magnified view of a solder joint.

Fig. 4. 9 Cross section of a failed solder joint.
(Number of cycles to failure:6 cycle,
Span:40 mm, PWB thickness:1.6 mm)
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Fracture
Package - surface
corner

0.05 mm
(b) Magnified view of origin of the failure.

Fig. 4. 10 Fracture surface of a solder joint.
(Number of cycles to failure:1 cycle,
Span:40 mm, PWB thickness:1.6 mm)
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(a) Cross section of a failed solder joint.
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(b) EDX spectra.

Fig. 4. 11 EDX spectra from interface failure of Cu pad /
Sn—-3Ag-0.5Cu solder sample (Fig. 4. 9).
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12 TIAMD) Lo SR HPERLIZEHW L, LR - T, Fig 4. 12 OWmEBIEFETIE, &
FHIKHE A E U ORTIIAERE TRAEL, IZATERMANZERE Lo %IC8EE im0
UL EWE~ERT 5 2 & TITATZERER N L T\ 5, [FERIC Fig. 4. 13 O T b,
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(b) Magnified view of a solder joint.

Fig. 4. 12 Cross sections of a failed solder joint.
(Number of cycles to failure:454 cycle,
Span:90 mm, PWB thickness:0.8 mm)
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surface — Package
corner
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(a) General view of fracture surface.

0.01 mm
(b) Magnified view of origin of the failure.

Fig. 4. 13 Fracture surface of a solder joint.
(Number of cycles to failure:194 cycle,
Span:90 mm, PWB thickness:1.6 mm)
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AR U 72T — RO WA U DT A TEHER MR R 2 R S 2 72, Fig. 4. TITR LT
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Table 4. 1 Failure modes in 21x21-272pin package under impact bending test.
(Span:40 mm, PWB thickness:1.27 mm, Rod weight:100 g)

. Location of crack

Number of . |Fracture position .

fracture Surface strain A Package side propagation

(ovole) of PWB (%) B : PWB sid A : Compound layer

cycle ' side B : Solder

3 0.226 B A

3 0.208 B A

7 0.224 B A

7 0.208 B A

15 0.197 B A

17 0.196 B A

42 0177 B A

81 0.154 B A

110 0.152 B A

Table 4. 2 Failure modes in 21x21-272pin package under impact bending test.
(Span:60 mm, PWB thickness:1.27 mm, Rod weight:100 g)

. Location of crack
Number of . |Fracture position .
fracture Surface strain A Packaze side propagation
(ovcle) of PWB (%) B : PWB sg'de A : Compound layer
eve ' ! B : Solder
2 0.288 B A
3 0.278 B A
9 0.276 B A
12 0.289 B A
37 0.235 B B+A
89 0.192 B A
143 0.198 B B+A
192 0.216 B B+A
220 0.171 B B+A
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Table 4. 3 Failure modes in 21x21-272pin package under impact bending test
(Span:90 mm, PWB thickness:1.27 mm, Rod weight:100 g)

. Location of crack
Number of . |Fracture position )
fracture Surface strain A : Package side propagation
(ovale) of PWB (%) B PWB sid A : Compound layer
cvele ' side B : Solder
3 0.325 B A
3 0.349 B A
8 0.303 B A
26 0.316 B B+A
38 0.304 B A
80 0.288 B A
153 0.270 B B+A
183 0.216 B B+A
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PWB thickness:1.6 mm A: Compound layer
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Fig. 4. 14 Dependence of failure mode of solder joints on the fracture lifetime.
(PWB thickness: 1.6 mm, Rod weight:100 g)
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Fig. 4. 15 Dependence of failure mode of solder joints on the fracture lifetime.
(PWB thickness: 1.6 mm, Rod weight:50 g)
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Fig. 4. 16 Dependence of failure mode of solder joints on the fracture lifetime.
(PWB thickness: 1.27 mm, Rod weight:100 g)
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Fig. 4. 17 Dependence of failure mode of solder joints on the fracture lifetime.
(PWB thickness: 1.27 mm, Rod weight:50 g)
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Fig. 4. 18 Dependence of failure mode of solder joints on the fracture lifetime.
(PWB thickness: 0.8 mm, Rod weight:100 g)
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Fig. 4. 19 Dependence of failure mode of solder joints on the fracture lifetime.
(PWB thickness: 0.8 mm, Rod weight:50 g)

85



BY, WHrE— FOEROTHRKRMEAEDBO SN D, BT — RO X AR, Fig.

4. 1TIWR L7V o FEARE 1.27 mm, vy RE&EH0 g ORBRERICHEEH DN TEBY, AN

i

=

> 40 mm DT ATEEREIE T X TRBEILEMBIETE— FLR> T D, ZNHDFRERMND,
FEWOT B2 E EBTFF R WG A0 AN 2o THROT B L 72 D &) STk
BITHE SN TWD L ST, 7 ) —IFARERSOSBEILEMERE A EAE LT <D
LER D, HIHEICIBWT, ERERBRERE 7 2 v b LCh#AA 2,3 60 mm & 90 mm T
—HT 56N D 2 L AR, TEMMEN—ET 501X, WlrFams RV iEE s, @Ok
THEEMA N BIRS EROTHEHRENGETH Y, WTHSITA TR EEE— F23%<
AL TN D, XATERMIENTE — R RER & 72 D ETEEmTE S, SRE LAkt — RE Y

FMOT H A HURAFNEDMRN T D, AN DR e DERMMEABRE RS — B LIz & BTV,

4.4 13 mm i P-BGA B3y r — T D1 A T2 B BB Tt R4l

4.4.1 ZEIEBF OfEFR

N = VNG A AR D550 D87 U — LA TEE MM E IR TE — AT 5720,
13 mm f P-BGA /Xy 77— % 7Y o M HEMICHEH U 72 TR 1 K D R A 1T o 72, iR
BRIZIT Fig. 4. 1ITR L w v R FABERRBEALE 2 0o, Ny =383 A XL 13 mm
X13 mmX0.9 mm /&, /O %% 240, R—/L E* > F (X 0.65 mm, FEHEIT AR —1£1T 0.4 mm
Thd, ZONyr—=va7 ) MER UMES A X108 mmX52.56 mmXx0.8, 1.27 mm /&,
FR-4 FHR) O AIZREIC 1 EEE Uiz, 1ZAZBEREE T Sy r—Ufl, 70 > b ER e
W2 SMD I Th %5, IFATER—NLIBLOR—Z Ff1E Sn-3Ag-0.5Cu TH D, A > Z—FH—HFD
Cu /Ny REMHD > X (XEM N/Au, 7V > FERD Cu 2Ny REEIZIZE(EIEE LTT Y 7
T 7 A ERE LTz, Ny =Y D7) v N ERA~OFEER, REiiE 245°C, RFHBREEE L.

ETORRRRFK 30 WD ) 7 m—TIT o7z,

86



04 ‘ ‘

Package:13X13-240pin i — Span:40 mm
- PWB thickness:1.27 mm! Drop height:60 mm
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Fig. 4. 20 Influence of distance between clump points
on strain waveform on PWB.
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Package:13x13-240pin
PWB thickness:1.27 mm
Rod weight:100 g

Surface strain of PWB (%)

¢ Span:40 mm
0.1 T OSpan6Omm
i A Span:90 mm
1 10 100 1000

Number of cycles to failure (cycle)
Fig. 4. 21 Influence of distance between clamp points of PWB
on cycles to failure of solder joints under impact bending test.
(PWB thickness 1.27 mm, Rod weight:100 g)

0.5 ; ‘
i ; Package:13x13-240pin
L ! PWB thickness:0.8 mm
- ! Rod weight:50 g
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Fig. 4. 22 Influence of distance between clamp points of PWB
on cycles to failure of solder joints under impact bending test.
(PWB thickness 0.8 mm, Rod weight:50 g)
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AU TEREGEE TR T R8T T & BT E — N OB % Table 4. 4~Table 4. 6 (T3 7, EBrEITIX T~
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Package

0.1 mm

(a) General view of a solder bump.

Padon PWB

0.01 mm
(b) Magnified view of a solder joint.

Fig. 4. 23 Cross sections of a failed solder joint.
(Package:13X13-240pin, Number of cycles to failure:5 cycle,
Span:90 mm, PWB thickness:0.8 mm)
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0.1 mm

(a) General view of a solder bump.

Pad on package

Intermetallic
compound

Solder

0.01 mm
(b) Magnified view of a solder joint.

Fig. 4. 24 Cross sections of a failed solder joint.

(Package:13X13-240pin, Number of cycles to failure:5 cycle,
Span:40 mm, PWB thickness:1.27 mm)
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Table 4. 4 Failure modes in 13x13-240pin package under impact bending test.
(Span:40 mm, PWB thickness:0.8 mm, Rod weight:50 g)

- Location of crack
Number of . |Fracture position .
fracture Surface strain A Packaze side propagation
of PWB (%) ' g A : Compound layer
(cycle) B : PWB side
B : Solder
1 0.329 B A
2 0.345 B A
5 0.297 B A
6 0.349 B A
10 0.313 B A
17 0.286 B A
28 0.274 B A
35 0.250 B A
114 0.223 B B+A
122 0.223 B B+A

Table 4. 5 Failure modes in 13x13-240pin package under impact bending test.
(Span:60 mm, PWB thickness:0.8 mm, Rod weight:50 g)

" Location of crack
Number of . |Fracture position .
fracture Surface strain A - Packaee side propagation
of PWB (%) ' & A : Compound layer
(cycle) B : PWB side _
B : Solder
2 0.387 B A
3 0.363 B A
4 0.350 B A
8 0.348 B A
31 0.297 B A
32 0.318 B A
55 0.303 B A
58 0.283 B A
198 0.241 B B+A
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Table 4. 6 Failure modes in 13x13—-240pin package under impact bending test
(Span:90 mm, PWB thickness:0.8 mm, Rod weight:50 g)

ﬁ:;ﬁi:;f Surface strain iré;zir;aposi’f;on I[:Il?;::;;r’li(;icra(;k
(cycle) of PWB (%) B PWB sgi:jea ° |A: Compound layer
B : Solder
1 0.400 B A
2 0412 B A
6 0.395 B A
7 0.392 B A
16 0.379 B A
23 0.368 B A
65 0.295 B A
116 0.283 B A
263 0.236 B B+A

Table 4. 7 Failure modes in 13x13-240pin package under impact bending test.
(Span:40 mm, PWB thickness:1.27 mm, Rod weight:100 g)

Number of . |Fracture position Locatlon.of crack
fracture Surface strain A : Package side propagation
(cycle) of PWB () B : PWB sid A : Compound layer
et ' siae B : Solder
1 0.303 A B A
2 0.267 A A
4 0.242 A A
34 0.247 B A
92 0.220 B A
96 0.185 A B A
214 0.160 A B A
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Table 4. 8 Failure modes in 13x13-240pin package under impact bending test.

(Span:60 mm, PWB thickness:1.27 mm, Rod weight:100 g)

- Location of crack
Number of . |Fracture position .
fracture Surface strain A - Packaze side propagation
ovele) | OFPWB ) |5 oy *‘T’ y A : Compound layer
cycle ) siae B : Solder
1 0.302 A A
3 0.325 A A
6 0.280 A A
10 0.302 A A
12 0.280 A B A
19 0.298 A
29 0.284 A
42 0.267 A B A
82 0.221 A
190 0.197 B+A

Table 4. 9 Failure modes in 13x13—-240pin package under impact bending test

(Span:90 mm, PWB thickness:1.27 mm, Rod weight:100 g)

Number of . |Fracture position Locatlon.of crack
fracture Surface strain A - Package side propagation
of PWB (%) ' g A : Compound layer
(cycle) B : PWB side
B : Solder
2 0.385 A B A
3 0.394 B A
4 0.403 A B A
27 0.382 B A
35 0.361 B A
55 0.302 A A
55 0.322 A A
111 0.267 B A
180 0.242 B B+A
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Table 4. 10 Failure modes in 13x13-240pin package under impact bending test.

(Span:40 mm, PWB thickness:1.27 mm, Rod weight:50 g)

. Location of crack
Number of . |Fracture position .
fracture Surface strain A : Package side propagation
(ovcle) of PWB (%) B : PWEB side A : Compound layer
eve ' ! B : Solder
1 0.271 A, B A
2 0.229 A A
5 0.256 A A
11 0.239 A B A
14 0.251 A B A
48 0.202 A A
59 0.210 A A
81 0.180 B A
206 0.177 B B+A

Table 4. 11 Failure modes in 13x13—-240pin package under impact bending test.

(Span:60 mm, PWB thickness:1.27 mm, Rod weight:50 g)

- Location of crack
Number of . |Fracture position .
fracture Surface strain A - Package side propagation
(ovole) of PWB (%) B : PWB %d A : Compound layer
cycle | side B : Solder
1 0.335 A B A
3 0.332 A B A
8 0.302 A B A
9 0.322 A B A
21 0.276 A B A
34 0.261 A B A
57 0.232 B A
85 0.209 B A
110 0.195 A A
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Solder Package

Fig. 4. 25 Finite element model of BGA solder ball at package corner.

Table 4. 12 Material properties of P-BGA packages.

Young s Poisson's Density
Component modulus , 3 3
(GPa) ratio (103kg/m3)
Chip 190.0 0.07 2.30
21X21-272pin 225 0.21 1.85
Encapsulant
Package 13X13-240pin 21.0 0.21 1.85
21X21-272pin 235 0.2 1.85
Interposer
13X13-240pin 30.0 0.2 1.85
Pad 110.0 0.35 8.50
21X21-272pin 19.3 0.16 2.28
Printed wiring board
13X13-240pin 19.8 0.16 2.28
Solder 24 0.35 7.30
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Nominal stress (MPa)
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Fig. 4. 26 Stress—strain curve of lead free—solder.
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Package

Y«TZ/VX

Fig. 4. 27 Deformation of mounted specimen under impact bending test.
(Package:13X13-240pin)

Package center

Interface of PWB side

= Solder

Pad

Package

Y Package corner

Fig. 4. 28 Normal stress distribution of solder joint.
(Package:21X21-272pin)
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Fig. 4.
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29 Comparison of stress at package side and stress at PWB side.
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Fig. 4. 30 Comparison of stress at package side and stress at PWB side.

(Package:13X13-240pin)
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ST, ITATCERE SRR SIEIREBIZH SN Z b D, 2O LD RBIBREIC K 5807 U —
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ZZTCZOETHE, £7 Sn-Pb AT A ICERHB ORI A AT TRV o r v R T
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5.2 7 VU —IIATZL Sn-Pb LT A 7Z DEE MM L

5.2.1 21 mm £ P-BGA IR v i — U E T

Z Z COMBMERMIC V7 F2ERBR 1T, 4.3 B R L7255 B A AL 21 mm f4
P-BGA BNy —2 %7 ) o MERICEELERABRA TH D, 1TATEMITES T Y —I1TAT
(Sn-3Ag-0.5Cu) & Sn-Pb 44412 A 72 (Sn-37Pb) @ 2 FHIET, 1FALER—LBIRIATLE~
— A REBIZE UMK E D LOIZATEM TRE L, 7Y v MERA~ Sy r—U % F T 50 7
2—{REEIL, 887 U —ITATSIE 245°C (EAIRRIEEE L AR FRRFRT IR0 30 ), Sn-Pb 443 A 72
1% 235°C (GLARIREELL ERFFRNIZN 30 7)) TH D, HBILH 4 ECTHW-r v RIE TERR
BREERE CTITV, /Xy 77—V 3 —F =i HEO R OF I & 1T A T BEG RS 6 2 JIE LT, 7238,
BB W2 FEERBR A1, 7Y v MR IS HT T AR BVBIRRIX 5 2 TR,

Sn-Pb 5T A TE T/ & — D% A U 7o FEERBR A OIX A TEHER i B R PR S R 4 Fig.
5. IR, &L, 7V v MEKE 1.27 mm & 1.6 mm OEERBEFZh2hicone, 7
Uy MEWRDBEEMANREE Ty REEOMHAEEZEZX T ToT, 728, Fig. 5. 1I1Z1E%&#R
BROFEMOT R Z L LTc, M7 & FHEARIE L $IZ, ZARNUNRIRLS HDHWIER v RAES
25 2 LI Lo THEROTHEALNEL RDH7120, 4 ETHS M L & 9 ITIZA P HER R
Wi NN %, Sn-Pb 3EEIZA IZBEREB OEEMIE S, $87 U —I1XATE & RRRIZFER O 2
JEMURAEE 2R3 2 LD,

Sn-Pb e LA TEHERGB OMEWTE — N A MR T 5 7o, i L 72 REERBR T I DWW CIT A 7282
BEMOWTHBER 21T o712, BB LIy r—Va—F— DAL T 5, MmElRE
B% Fig. 5. 2 [, fkrFan 29 1] (Fig. 5. 2(a)) 3 X Oy 135 [0 (Fig. 5. 2(b)) DF
ERBRAOLEELE, TRITFATEANEZER L TBY, IZATEM T LT\ 5, ikl
B TH o - FIERB T OIXATERETL, BATENICERNRET L2 LE2HR LTV,
Z OREKTT— FIE, 5 4 3D Fig. 4. 9 ° Fig. 4. 10 72 EIR L7287 U — XA HEwt s DAL B

JE T & BRI SR > T D,
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i | Package:21X21-272pin
i } PWB thickness:1.27 mm
i ! Solder:Sn—-37Pb
20 & a A a
5 L O i A/:/ 7.8 ms
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c Caims D& OS]
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iz I | /’ Se
§ I i 1.9ms “ ¢
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For L | ]
' | @ Span:60 mm/Rod:50 g ;
| OSpan:60 mm/Rod:100 g i
L A Span:90 mm/Rod:100 g i
1 10 100 1000
Number of cycles to failure (cycle)
(a) PWB thickness:1.27 mm
0.6 ;
; Package:21X21-272pin
! PWB thickness:1.6 mm
05 | ! Solder:Sn—-37Pb
% | i A@ i 20ms
m - ! I
E 04 | A |
s | fa
-% 0.3 ,,,,,,,,,,,,,,T,,,,,,,,,,,,,T,A, fffffffffff
i i O |
L o 08ms
€02 1 0 T O .
n ! ;@

O Span:40 mm/Rod:100 g

A Span:60 mm/Rod:100 g

1 10 100 1000
Number of cycles to failure (cycle)
(b) PWB thickness:1.6 mm

Fig. 5. 1 Influence of distance between clamp point of PWB and rod weight
on cycles to failure Sn—37Pb solder joints under impact bending test.

0.1 |- 7”% ,,,,,,,,,,,,,,
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0.1mm

(b) Number of cycles to failure:135 cycle

Fig. 5. 2 Crack at Sn—37Pb solder joints of P-BGA 21X21-272pin package.
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DBNTC, 17 U — XA TSR & Sn-Pb Mgt A T2 O IR & bk U 7o R 4 Fig.
5. 312”7, A3 60 mm (Fig. 5. 3(a)), A% 90 mm (Fig. 5. 3(b)) & HICHIE L 7= #aPH
T Sn-Pb 5T A TS EEGE OB EIENE 7 U — XA LV EL o TWD, 2 OEEEHED
AARICIE, B U7l ZA BT E — FOBEVWRREEL T L EEI6ND,

522 Ny Fr—UhA X « BEPRR D EEARA

AEIZ D OWT, P-BGA BTHEY A XN R DNy r—D L, MENRERHT—7 BGA
By r— @ Sn-Pb L ITAT (Sn-37Pb) B OEBMmMIEZH 7V —IXATE
(Sn-3Ag-0.5Cu) &tk d 5, FHliL7=/3> 7 —1%, 13 mm A P-BGA BN 7 — U528
BRA & 23 mm 47 —7 BGA TRy r —VFIERBR A Th D, ks, TbDFERTA D,
W lr =% 7Y v M EBRICEIE UTERIE, B RBVBEIL G 2 TV R,

X UHIC, 4.4 HiCTREME L72 13 mm 4 —240 ¥ P-BGA /S v 77—V % 77U > FERICHE#E L
THEERBA 2R L, @R 21T o 7o, 1XA T B E SR w5 4 Fig. 5. 4 1SR T,
Z 2 TRl L2 EEREB A O 7Y v M EMRIE 1.27 mm TH Y, HAAEZ A8 60 mm TREE
L, EET5 g% Ty FTHEBEZMNATZ, 7V —IZA7Z, Sn-PbiIZATEEZN T DHE
Y 7o —BEIE, BEO 21 mm Ay —Y ERELTHD, Sn-Pb LI A Z BT O
ML, 21 mm ANy 7=V EEBRIZEH 7 ) —IFATE XV @< o T D, T OEEMMED#
BOX, $07 U — XA BERB ORI E Ay & B OT A OBMRE R T AR Y Sn-Pb I A X
DIAEIZIENZ & D, FMPEWEEROTHILTIA 2o T D, —F, FmORVMEINK
OF R TIHZER DML, 877 ) —I1ZA M O#IE Sn-Pb 351X A 28 O fific -5 <
MR GID, Sn-Pb Lk XA TEHREHM OMWrIE, Fig. 5. 2 1Zx L7z 21 mm /3y 7 — 5248
AR L RBRICIZATE M TRAE L Q2 887 U — XA TR Ot — KX, Fig. 4. 23
R° Fig. 4. 24 TR L2 iRA TEHSE 0@ B B L& Eili T b - 7,

DONT, 23 mm f—352 BT — 7 BGA By o — U SEAEGER i o> iR M SRR ARG 5 A
Fig. 5. 5 (2R3, a-AMiLZ IV 7o SE2EERER 1 o0 ~HiEAHARIT, 2.3 Hi CREAE L 723 A LRI U Th 5.

Ny lr—IMT =7 A 2 —=R—=HFD Cu Ny FRHEIZIZSn o E &Lz, 7V b EERM
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Surface strain of PWB (%)

Surface strain of PWB (%)
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i Package:21X21-272pin
! PWB thickness:1.27 mm
; Span:60 mm
; Rod weight:50 g
o |
& o o
e
| | <>
Q@ | o
O O R
| O@ |
,,,,,,,,,,, LT O FE T T —
| | O
©Sn-37Pb |
O Sn-3Ag-0.5Cu i
10 100 1000

Number of cycles to failure (cycle)
(a) Span:60 mm

! Package:21X21-272pin

! PWB thickness:1.27 mm
Span:90 mm

******* Rod weight:100 g a

o
8 o oo o
| © o
| - O
© Sn-37Pb |
O Sn—-3Ag-0.5Cu !
10 100 1000

Number of cycles to failure (cycle)

(b) Span:90 mm

Fig. 5. 3 Influence of solder material on life of solder joints of

P-BGA21X21-272pin package.
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1.2

" Package:13X13-240pin |
. PWB thickness:1.27 mm !
1 - Span60mm - © Sn-37Pb N
[ Rod weight:75 g O Sn-3Ag-0.5Cu
© 08 | i
z [ o |
5 o
-g 0.6 _,,,,,,,,,,,,,,,,,,,,,,,,,,,,} ffffffffffffff
o i o
(0] | <><>
o
« - OO0 O |
oo | 0P @
ot 1 O
0 [ 1 1 1 L 11l 1 1 1 1 11 IIL 1 1 1 L1 1 1.1
1 10 100 1000

Number of cycles to failure (cycle)

Fig. 5. 4 Influence of solder material on life of solder joints of
P-BGA13X13-240pin package.

1 \ \
- Package:23X23-352pin |
" PWB thickness:1.2 mm ‘
- Span:60 mm ©Sn—37Pb
0.8 [ Rod weight75g OSn-3Ag-05Cu |
06 . - ____Y__________________________4

04 F QO o OO

Surface strain of PWB (%)

0.2 f-------------

1 10 100 1000
Number of cycles to failure (cycle)

Fig. 5. 5 Influence of solder material on life of solder joints of
Tape—BGA23X23-352pin package.
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D Cu 7Ny FREIE, BEIEE LTV 7Ty 7 20 E i LTz, 7"V MERE A3 60
mm CHEEL, BEE&T75g D Ty RCEREZINZ -, $h7 Y —IFATEB LTV Sn-Pb HITA
EOELEY 7 a—IREIFIEC 240°C (R X OHESIRE DL EORFFFIIZH 30 B) TH 2,

DNy =T Sn-Pb T A TEEERE OB R 7 U — XA TEE R L 0 @< e D,
WA & Bt O B D Btk 2~ -l O 28§ Fig. 5. 4 @ 13 mm £ P-BGA /X v 7r — T Diff
FLEUTHD, MK L7- 28 mm /3y 47— F2EEER F 13 A 72 B ST R O B 5 H. % TFig.
5.6 28T, ZOREREB T TlI/ Ny I — NI A T HERGHR CREBT 3R A L 7=, Sn-Pb HLdhix A
PR RS O — RIZILA TR, $h7 U — XA OBEre— RiMbAwEmco v,

P-BGA /Sy r — P F2HERER i Olr £ — F L RIL TH 5,

Pad
. Intermetallic
el ™ e compound

Crack Solder

10U m

(a) Sn—3Ag-0.5Cu

(b) Sn-37Pb

Fig. 5. 6 Crack at the solder joints of Tape—~BGA package.
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WIZATEM BIRIZE RJHDBRET D, 1AM OIEMEREIZ X 5 & ZOER D kM & XL 5729
athfk Il 28 XBLR 228n 7 U —IZATE KO FMnELS kb LE 2 DD,

DX|Z, Fig. 5.4 X Fig. 5. 5 (IR L7c@AFMIK T 7 UV —1ZA 2 & Sn-Pb HdhiT A 72 OfEE
MHPED 2R/ N DR A EZET 5, 8 4 B TR LI L DI T U —IXATEHRET C 6 RO
FTHORNEmFAaIL T, EARDITATZIMNZER L% G wEICER LTl 25—
RRBlON T e, 2087 Y —IXA7EFEGABR A TS L - BRI iR OB X, HFark
TR DITHEVN KN B EEEF I & 228 2 DM 238l Tz, Fig. 5. 4 X° Fig. 5. 5 1T7R
L728h 7 U — XA T B B Mt e D BRI &, ARF IO AT IREED & @ FmIC /2 D 1T
> CHRE S MM E N D> TR R BN D, 2 OFEERER A CILEEM 722k — N8l

EUXTHE LTV, BRI AR OB O, EFFMIR CIXILA IR W ©IRTE L7 —
RiZ7e o TWz LHEE TX 5, @AMk ClilX A 720 OBERmHEZED G/ LRk O 28 2R3 0
1%, $87 U —IZAEBHEIRIC Fig. 5. 2 O X 5 72 Sn-Pb 45T AT & 7 UIZ A TSR I 234 ©

HIehEZEZBND,

5.3 #7 UV —IIATRERSERMED U 7 v — B EKEM
BGA BURw r — VORI L, 7Ny r— A v H IR — Y HER A~ D R — VI &

7Y b RGN I A TR BNEE DL L OBERE 2 %17 5, Darveaux 5 [911%, EERFO D 7
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n— iR A X TR AT R BR R A ERL L, BIERERIC K - T 7 U —BGA XA 7ZH
ORI 2 3 L TV D, 8D O TIE, IRARERBEILY 7o —KaEENEL 25
EIRTT 52 EDRENTEY, RATLERESOMIEMERIITIZIAT Y 7 a —REO & iR EE B
MEECTHHZEEZRLTWD, 22T, BGA Xy r—y 07 Y o FEWSEEERR % 0,
807 U — XA BRI E R O U 7 v — @R AR E A BT 5, Xy U~ ATE
R—VEERB L O ) v MERELERO Y 7 o — iR & 2 2 CER U 7 R ol
BB ATV, U 7 n IR E DS E R RF T R A R L7,

(3 AT BB O BT MERTAR I, 17 mm £ P-BGA /S v 7 — Y% 71 o h RIS HEEE L 723
PR 2 ANz, Ny r—YONE A R T 1T mm X 17 mm X 0.9 mm &, VO B % (F—
) 336, A—/LE» T 1L 0.8 mm, EETALR—AEIT05 mm THDH, HHLEITAL
AN—/U81% Sn-3Ag-0.5Cu TH VY, 7'V o MEERIFZEERFITH O T2 IZ AT — 2 MRS R — L
MERMUTHD, Nyr—0F, 7V 2 MERO R T EEHE LT, 1ZA BT oS
X, Ny =M, Y RERRNE BT, ERERIRO Y VF VDA MRy RRIEO AP A E
9 SMD U ThH 5, /v r— NI ATEEERERIEL Cu Xy FREIZEM NVAu > &L, #
PEHARMNL Cu Ny FOREZELIIEH T Y 75 v 7 22840 Ui, mEHRRIZIZ2 v RFET
AEBABEEZ AV, vy NER 75 g, FEEAROEER A /313 60 mm & L7,

BT U T AT B R 0D 1T A 72 AR — L FERERR ) 7 — R R (R AR A SR T R A Fig.
5. TITRT, A—38 Y 7o —RE (230C, 250C, 270C) #ZE X7z \v7r—T%, 235C
L 250CHOA Y 7 —iiE (AR DL EOMRFFRFFRD 30 7)) THEMRFELE U7 AL A C
HIE Uikl By & AR O T OB TH 5, A—/VEEY 7o —iRfE 230°C L 250°C T,
WEEEY 7 o —IR I L O PEEREIXEE 8T 5, R— 3238 Y 7 o —iRE 270°C OK5E
L, OB TELS 2> TEY, FHT Fig. 5. TOIRTIERIZE Y 7 o —RBENEN

250°C TIEE LWHEMK T ABLOIL TS,
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01 | PWB thickness:1.2 mm L
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(a) Reflow temperature : 235°C
0.6 ;
I Bump soldering temperature
o5 p--——---------------- /Reflow temperature
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(b) Reflow temperature : 250°C

Fig. 5.7 Influence of bump soldering temperature on life of lead free solder joints.
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— V& HERELE U 7o FEEERBR T CIE U 7o BRI PR ARG SR A Fig. 5. 812" ¥, FERY 7

2 —IRENE L 221 E EWEEMNEL o TEY, 87 U — XA HE M E R TED Y 7 e —
FEERERAFIEN BN TV D, $87 U —IXAICEEREH OB R ML, A — VR EY 7o —RE

B g ) 7 v — 1 G ORFERH Y, BENGS 2D LIETT2Z LRGN T,
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Bump soldering temperature
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~ & ©230°C / 220°C
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- Package:17X17-336pin
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" Span:60 mm

| Rod weight:75 g
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Fig. 5.8 Influence of reflow temperature on life of lead free solder joints.

T ZCRHL U 72 FERERRBR i D1 E A TE B BT E — N, Fig. 5.9 DM T IR
&R LA BEHECh - 7=, MBI ARITIIA— L FEE) 7 —BEICL52ERHY, 7V
> b HEBUAHEREE W D T AT D GG L, Ny = DR bW S5 e b o T, R—
JVEIEY 7w —IREE 250°CLL T DT A EHReE Tl BAREEIE D 7 v —REIRAAE T, 31T
7Y 2 N R TR L7, AR — LV EEEY T —IREE 270°COIX A TSR, B G
U 7o —iR KT L CREST R AT S B o T, EEEY 7 a —IRE 235°CLL T OHA T Ny 7
— DG TR L, 250°C TITIE A T2 HEREE Ml O RRIET ANEAE LTI L Tz,
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Intermetallic
compound layer

Fig. 5. 9 Crack at the lead free solder joints.

Intermetallic Intermetallic
compound layer compound layer
- -': ' L l‘l'- "_S_older
\ o . - -I'ﬂ. 3 b %

(a) Reflow temperature : 250°C (b) Reflow temperature : 220°C

Fig. 5. 10 Thickness of intermetallic compound layer at
lead free solder joints.

7 U — XA E WM D U 7 v — BRI 2 R 5 7, HREEEE Y T m —EE
MRIR DT TEERE O & BIEUL AR S %2 ek U 7o, RFELGABR A OIT A TR I B S
LaBEEEMIE, F 4 BT LB A OIZA R AEE LR L ThH 2 £h, CuSn
RIEEMTHD EEZTND, R—NFEHED 7 —ifE 230CH /Ry 77— % 220C & 250°C D
IR CRMRIEEE L2 R Ic o\, 7Y o MERANI A ZBsm 2 Bl L - 585 %

Fig. 5. 10 |27~ AR Y 7 o —iRE 250°CO&BMLAMWE S (Fig. 5. 10(a) 1%, 220°C
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(Fig.5.1000) LVWEL 2o TW5, V7 r—RENEGWEAILEWENE R T DM
1, Sy = VRN A T EEET T B RIBRIC B TV e, 887 U —IZATEBERE CI, @ifichl
ENDZ LI oTHEEMERRE L, IFATERTRE LK T2 LR MmbNTW5I[4-6,
10-12], Fig. 5. 10 2R L= L 2@V Y 7 o —iRE CHRE L IZA RSSO EmE N EL
o TNAHOT, MRS Z LI X 2 bEWE O ENIXA EE T E B E 2 KT S
EEZLND, R—FEEY 7o —RE 270°COIF AL EERE TIE, A —/LEERO MBI X
> Ty I — VR DAL SR MEE S BV EBE R TER S LD, 2Ok, miRoEk
WEEEY 7o — TS D 2 & TIUEWEIE S BITHE L, (XA TEHR M E R M 2335 L <IKT
L7cTzb Ry r— MR T OB AE LTI EBEZTWD, 2O X DI 7 U — XA H
EREEEMIE L Y 7 v IR RAFE DS 8 D O T, R — /L FEAECIAMILER O U 7 1 — IR P & 1

EIZERT 2 Z ERRETH D,

5.4 7V v MEARFEERICBBRE YR D13 A 7B AR

T, TV v MEREEREOS T U —IZATEB LV Sn-Pb i IIA T ENE N DI
B 2 XA TSRS LT ORISR RN L7252, 1ZA TE R OB BRI 217V, (TATE
Phefoi F e B M 14 0D BB PR (A ME 2 I3 2

BN PERTAG I W 72 SR A 1L, 11 mm 4 —128 B0 DT — 7 BGA BRI y r—V % 7Y
VNEBRIZEIE LR CTh D, A—/LE Y FiE 0.8mm, FEILFIATZAR—AEL 0.5 mm T
HD, FHE LA 7 U —13 A2 (Sn-3Ag-0.5Cu) & Sn-Pb 54X A 72 (Sn-37Pb)
D2HEHTH Y, ITATER—NVEBLIRNIATES—=Z F & BIZENENIE CHARDIT AT 2 v
THRELE, FERBRAOT Y > ML 0.8 mm, 1.0 mm, HX1.27 mm O 3FHTH
Do ITATCEERESORIEIL, Ny r—UMl, 77U o FEBRENE HIZ, BREREo Y LF LU
MRy RREOEMZE S SMD B TH 2D, /v r— N ATEEERRIEL Cu 2Ny RIS ER
Ni/Au - & Zfi L, 7V > PN Cu Ny FORMICERACIIEN 7Y 75 v 7 22840 L

7o TV v MM~y =R FEG 5 ) 7o —EEREIL 7Y —I1TATIE 245°C (kA
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b%, 7V MERFEEEOERGRFFEL (0 KH) & 125°C—E T 164 K, 360 Rl LT
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7 V=X TNy =V EE U BB A & 125°C TIRFF L 2R ITHIE L2 IXA TS
Pefoi i B SR A SR 2, WIRARFFIE L O R L & B2 Fig. 5. 111273, Fig. 5. 11@IIR
L7z mififrfr 360 HRifi] £ TORMIR T, SHEMROT A OMMWrFFdr 20 BT O IV Tl
TREFIC L 2B T OMPEIR T 2B DTV D, SRR 168 I & 360 I OEEMmIMEITIZIER
L2772 »> T35, Fig. 5. 110K L 7= iR AAFF 500 FEf# ORBFER O 7 e v MY, (REFEL
DFER LV IKFTEL 7> TR, BIEHPHT X TTELIMMEMET LTS, ZOMMERT
DBLZNZOWTIHIRT 5, ks, WIRRFHE L OB R T, 23 60 mm OMFEEmE (Fig.
5. 11(b)) M A3 50 mm (Fig. 5. 11(a)) LV &< RDHDIF, HF4ETRLE L I ITEROT
HENR L IRDTI2DTH S,

Fig. 5. 11 ([ZHEEEMHAERBRAE R 2R L7280 7 U — XA TR BRI Ot — K2 M8 5720,
AT B s 2 822 L= % Fig. 5. 12 124, & 2 CTalli L 7232458 i ol A 72 Bk
ORI IZ ) o b SRR THAE L T e, AR A 08 7 U — 1T A28k EIE, 56 4
TR U 72 e i & ARk, mifRir e L CHIXA IR /b &g Tkl L T\ % (Fig.
5.12(0), EIEMARFF L7287 U — XA B Ot — F b Fig. 5. 12(0), @QIRLZ LI
{EEWIERRITIZ 72 > T D,

DONT, 125 CT—ERFMMREF L7212 ICHIE U7z Sn-Pb ki3 A 72800 O i B it Pl i
R, @IRRFFEL (0K OREFE T Fig. 5. 1312739, 7'V v MEKRE 1.0 mm O FE
LB 2 W e A3 50 mm OFER T, SIRRFFE L & 360 RefE] O B tE 2 b U 7o #6 5%
% Fig. 5. 13@IR L7z, 7V > FEEWRIE 0.8 mm D FEEEER A %2 FV /2 223 50 mm OB

TEIRAFFEE L & 500 B O BRIE 2 g U7 % Fig. 5. 13)IZr L7z, Fig. 5. 13(a)iZ
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Fig. 5. 11 Influence of thermal aging on life of lead free solder joints
of Tape-BGA 11X11-128pin package.
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Fig. 5. 12 Crack at lead free solder joints
of Tape—BGA 11X11-128pin package.
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Fig. 5. 13 Influence of thermal aging on life of Sn—37Pb solder joints
of Tape—BGA 11X11-128pin package.
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Sn-Pb 33 A 728G O SHRRFFEE Lt L ONSRIRFF 500 K2 2 1L O£ — Mg
RO, XA 284 L= 5B % Fig. 5. 14(a), (027, Sn-Pb d5hix A 728t
HOMWWr &7 V) —I1TATZ LR Y o RSB A 7280 THAE L T, miifRFrEE L o
Sn-Pb L& 1T A 72 BTSRRI Fig. 5. 14(@IZ7R T X 2 ITIFATZRM N THAT 5, Fig. 5. 14(b)
(2R L7z 500 FEfE] s Predeie O — FiE, Fig. 5. 12 1R L7 7 U — T A8 & A C
fLEWEEr & 72> T s, 360 FFfTmIIRFF R ORI E — N bLaWEm Ch - 7o, &ilife
FFZ X 2D Sn-Pb EdhIT A IS HHEERMIEDIR T IL, MMt — RONILA RN S0 7 U —
A TEEEREER & R CAL G BRI D 5720 Th 5,

B IREFIC K DT A TEHERCERETER MM E DI T &, SIS S N D @B LEM DR S & 3

T THEET D, AETHM L72IZAZERR L R T Cu Sy N EITATEM et fUm 2 ARk &
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C CuSn (kBB IND EEZTWD, U7 —ZARMHTE®ZD CusNy K& OBk R
(Z1E CueSns 23E S AR SN D 23, Hafith O miRIRFFZ L 0 BEMREE CAROSAH#EITT 5 & CusSn
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Fig. 5. 14 Crack at Sn—37Pb solder joints
of Tape—BGA 11X11-128pin package.
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Fig. 5. 15 Relationship between thermal aging time and intermetallic
compound thickness of solder joints of Tape—-BGA 11X11-128pin package.
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Tﬁ U IVIRA R EAEYEOREDFEIC L o TA U= 22 L0505 WCFEEL, Ak L7272
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R E TR TS S D BGA RNy r — DI A TEHEREIZIE, 2L E TR TEEEO
i — 0 LRI U7l e & ORI T Dk m B2 BERk ST 2, itk
ED—FERELT, Ny r—ve 7Y MEREOIZA TS 2T 2 —7 1 VR E TEE,
IR 2 FEMTONTWD), 7o & —7 4 VBIRIC X DX A TEHRSB OMIRIE, EEE YA
7 AT DR MR L2 BRgE LT, BAOMIECE ILTRAR O IEL Z BT L2 &2 H Y
[2-7], MEREREIC &> TITBIRE LM L K 0IREY A 7 VMR T 2356030 5, 74—
7 1 JVRHHR ORI PSR AT IR O B AL I TR BT IR L CH R AR Th 5 2%, ik
F EOARITHT DT v 7 —7 4 VIR EIERE OMEFM XTI E A EERmI N TH RN
[8,9], BRI AT RS2 7 2 & — 7 4 VRHIR FEEE S O LI 1%, R & A L7z
A OBHEYESCBATTEAR ORAFIEZ BIREIC L, FEEEMEERGHI N S5 2 ENARFAIRTH S,

ZITIDETIE, To¥—7 4 /VEECHITR L7280 7 U —BGA 1T A 728k SR B i 14 oD A6
fettds L OB E R, 77 & b BRI B O E BB T & M2 5, 2 offf
BB S U Te A IRELFRVEMRMT 24T\, MM R L7e 7 o ¥ — 7 o VIR SR & A i
T 5, T, 07U o REMERT, MuR LY o R ERERT, BRI ONREY A 7 VAR

T DT A TR MED T > 27— 7 4 JVRIEREEIRAAE b IRET T 5,

6.2 HEEM B L ORBRFIE

6.2.1 HERA

BGA [ZAZEERHE ORI AW T &2 —7 1 VEHIEIE, Table 6.1 (27”3 A¥f & BH D 2
HMETHD, BPTRLEZal 1T, BEOT T ZAEBIEE (Tg) LT TOMEESRE. o2 13
Tg UL L CTOREERE TH D, £72mBRICIT, Fig. 6. 1IRT T > ¥ —7 (LR BATIRAE
DR D 2 T O FEERBR A 2 =, —I, Fig. 6. 1@IRT X 2108y r— ok Lz

2UMBN—Z MRBIEEZT 4 AXY—TEBAL, Ny r—U L7 > RO MGz i
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Table 6. 1 Material properties of under—fill resins.

Coefficient of
; . Glass
Young s | Thermal Expansion Transition
Material | Modulus (107%/°C)
Temperature
(MPa) o

o 1% o 2*? (C)

A 790 60 180 145

B 2800 57 170 140

*1: CTE under glass transition temperature
*2 : CTE above glass transition temperature

Strlain gage Strain gage

L7\ A

/ \ \ / \

Fillet Package PWB Fillet Package PWB
' | \ |
Under—fillresin  Solder joint Under—fill resin  Solder joint
(a) Two side coating. (b) Four side coating.

Fig. 6. 1 Shape of under—fill resins.
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ASELRTHY, 2108 EMT D, 208 TIE, BIEERM L TWZRWillo 238127
RENDMBIEZ 4 Ly F/NSL<RoTWD, 9 —DlF, 74 by MRINDEEEZRETT 57
B, 2 EATIIZ B TRIEERAT 21TV, Fig. 6. 10)D XS24+ _RTICKR&E A7 4Ly b
R LTDBRTH Y, 4 WBATMEFT D, BT 4 0% LIS 2 FL L T o
T, BAAIROBENT AM TIT Y, 7o —7 4 VBHIRORBELSMT, WdEE HIRE 120°C,
fE(LIRERE] 60 43 & L7z,

ZOEDOFHIIZIL, 10 mm £ P-BGA /X 7 —T %70 o M HEMRICFEEE U7 R 2 A
Tre 2Ny —T O A X1T 10 mm X 10 mm X 0.9 mm &, /0 ¥ (R—1¥) 225, &
— /LB F 0.5 mm, EHEIFATZR—ARIF03mm THDH, 2Oy r—% 7Y > MER (O
P4 X 50 mm X100 mm X 0.8 mm /&, FR-4 fYHH) o RIRwEHRIz 1 ESEL, 13A
TEAR— VTR L CRERBR T & L, BATER—AMBIOT Y & R EREIERICH W 2T A
72— 2 NI HIZ Sn-8Ag-0.5Cu THh D, (TATEHEROMEX, Ny r—Vfl, 7V v &
Bl L 12 SMD(Solder Mask Defined)#id & L7z, /Sv 7 —Y A & —FK—H%D Custv K
KD > X (TEM NIV/Au TH Y, 7V > M Cu Ny FEEISITTY 7T > 7 AP 2 fii L
Iee Ny r =V DT Y 2 MERA~OEIED, HRmiiE 245°C, HEARRE (220C) U ETOMR
FFRFRIF 30 B0 Y 7 v —TiTo 7=,

6.2.2 REBTIE

FRAD LT EABR X, Fig. 6. 2 (” ¥ 3 mlhiFT i NTH 5, ZoiBr=Nc kv, FHAEER 12
Hadh PR & G- 2, 1RA TR ORBrRE 2 JE L7, SCRM DAL 50 mm Th D, 7
o —UEEmAE FME LTSGR BICREL, 7Y & MERER A D AR EINZ T, R
AREDO 7 8 A~y RHEEIL 6 mm/min & L7228, —#7 8 A~y RiEE 60 mm/min TR
HITo 7,

Ml U h (50 & Fag g & 7 U =Sl 7 5T o 7o, BB A I —EME A IE L 52,
VXA TEAEREER D AR BT 9~ 2 Al L& 0 L7z, il UJEIEEEE 0.1~0.3 Hz (7 & A~y Rl

30~60 mm/min) TH 5D,
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Fig. 6. 2 Outline of bending test.

EER BRI, 8 4 |IOR Lz e v R T U BERBRAE [ C1T o 7o, 28y 7 — VR O il
V% Ty RafR UEZE S8, 1A ZESRE MW 2 £ COMREHAHE Lz, FE5R
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& E R OB 2 E L CHE L,

YA 7 VBRI, AM, BMoO 20&mMm & BIEEMELMEZ VT, —40C 85C, 1
B 71 20 min (KR 10 min/fEiR 10 min) O S TIT o7z, o 7 AEIIBAEER 5 HTH D,
(T A TEHRCE DRI IE, FTE DRI B 2> 53R 2 0 L, IR TOTAEHER T
PrafE LTl L, (ZATEHEREEHRITS I D 2 520 RIS 7R o 7R A T 96 4 & L7z,
FTo, REY A 7 VRERP O & T A TEHER IRl OB 2 Bl T 572, LRCaER &35
—55C125C, 1% A 27/ 60min (KEEA 30 min, W > 7 VEEALER 3 H) OIREY 1~
NWREBRHITo70, ZORBRTIE, 74 V—F =—VEIKEZRK LI IXA BRI Z 4 511k

THREY A 7 VBT U 7 v A4 LHIE LT,
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Fig. 6. 3 Surface strain behaviors of PWB and voltage across solder joints
between package and PWB behavior under static bending test.
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Fig. 6. 4 Influence of under—fill resins properties and shapes on failure load

of solder joints and resins under static bending test.
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Fig. 6. 5 Influence of under—fill resins properties and shapes on failure strain

of solder joints and resins under static bending test.
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Fig. 6. 6 Relationship between failure load and cross—head rate (Resin A).
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Fig. 6. 7 Relationship between failure load and cross—head rate(Resin B).
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Fig. 6. 9 Surface strain of PWB and voltage across solder joints
between package and PWB under cyclic bending test.
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Fig. 6. 10 Influence of under—fill resins properties and shapes
on bending fatigue life of solder joints.
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Fig. 6. 11 Influence of under—fill resins properties and shapes
on bending fracture life of resins.
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ig. 6. 12 Surface strain behaviors of PWB under impact bending test.
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Fig. 6. 13 Influence of under—fill resins properties and shapes
on cycles to failure of solder joints under impact bending test.
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Table 6. 2 Number of failed specimens after —40 to 85°C temperature cyclic test.

Number of temperature cycles (cycle)

Underfill
210 | 315 | 525 | 855 [ 1050|1470 | 1635 | 1800 | 2200 | 3000
A o/5|10/5(0/5|0/5|0/5|0/5|0/5|1/5|1/5| 1/5
B o/5(0/5(0/5|0/5|1/5|3/5|3/5|4/5|5/5| -
None o/5(0/5(0/5|0/5|0/5(0/5|0/5|0/5|0/5]| 0/5

3 500

) | ReS|stance\ 1 400

Initial
resistance a

L 1 300
200

N/

Temperature

3 ) M | M ﬂ ﬂ 100

Resistance ()
o
Temperature (°C)

-3 -100
190 200 210 220 230

Time (h)

Fig. 6. 14 Relationship between resistance of solder joints
and temperature under temperature cyclic test.
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Table 6. 3 Material properties of package and PWB[14].

Component Young’ s Poisson’s | Coefficient of thermal
P modulus (MPa) rate expansion (1076/°C)
Encapsulant 21000 0.21 9
Chip 190000 0.07 3
Interposer 30000 0.16 13
Printed wiring 21000 0.16 15
board
Table 6. 4 Material properties of solder[15].
) \ Strain Coefficient of
Young s . , Yield .
Temperature Poisson’ s hardening thermal
o modulus . stress .
(°C) (MPa) ratio (MPa) modulus expansion
(MPa) (107%/°C)
=50 42300 0.3 48 1100 23.0
-15 40800 0.3 36 900 230
27 38200 0.3 30 700 230
75 35500 0.3 22 400 230
125 33800 0.3 17 250 23.0
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Fig. 6. 16 Stress distribution of under—fill resin.
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Fig. 6. 17 Deformation behavior of PWB.
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Fig. 6. 18 Relationship between equivalent plastic strain of solder joint
at package corner and Young’s modulus of under—fill resin under static bending.
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Fig. 6. 19 Equivalent plastic strain distribution of solder joints.
(Young' s modulus of under—fill resin:10 GPa)
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FEEROMIESE) L ITET VDR LD, OTHINNSWGEITHBIR N REWEAET D &,
BIIEY > 7R OB ERFAIL 1 GPa~10 GPa & 725, L L, AAFFE TR L 72 ¥ > 73 2.7 GPa
D B#IE Fig. 6. 71T L7e X9 ICAMBEREENH Y, AN < 725 & BIEEIVIRE
PMETT 256030 5, B SEE LR AM IS 57 o & —7 ¢ VAR Ot 2 L

THINE, Yo7 R EBLZF3CGPal NI LT v —7 4 ABIEEZ WAL END S,

65 T
ZDETIL, EFEEINEO BGA BNy r— DX A2 BBz B¢, iR Eo—F

Bl LTEBMESNTNDT & —7 4 VBRI K 2 Ml A IS 23 13 A 72 Hefoe i i (2 M E 950 8

m

AR LT, 7o —7 4 VBIIERITRIC K - C, 8., FAEH 1 d Ol U Sk il 1 D1k
ARGS9 DMz ) 32 2 & 28 T&E 5, BIEHIIR U 7213 A 72 Bl OBtk 0 B AT i oD

) B, @ 7SRRI HCHIE 7 « Ly b 4 TBARIC K D8y o — UHEEER O A
PENTHD, LinL, MBEOR Y 7 RIBIBIERN AR E LT <250 T, Ml
BRI DONT o 22 BE LTBIEOREN R AT R TH L, WEY A 7 VBRI S 1t

PEE i, BR OB R LRy o I RIEPLETH D,
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BTE FAEERSISICE 5287 U —BGA

(3 A TE SRR B MR R AR =15

7.1 ¥

i

7Y v NEEWRIEEEIRREIZ 1T D807 U —BGA 1T A TEHE OB M 11X, 2 4 BTk 72 &
TV v MERIZHAET 2y F—VEFEOEROT A TERMICEMT 22 &N TED
[1-5], 1XA 7B RARmIVE L, AR OT HIZT TR 7Y o MEROE SR E SR8 & Tk
F D HEROT HEREAIOARGNEDR & 0, TR O ZJE R < 72 D & EEMEIME T 5 [6-8],
Z DFEROT AU ED T2, BGA 1F A TZ R OB RUR T, TRl 1R HiE
TR TRE S 2 EBRAM IS U7z Bt O3 2 J8 1 12 F2AE508R i & W T2 I AU T2 B i oo
W FmPED IR D, —F, BB BGA /Ny & — U REMEER G ClE, ATRERE
FRHT TR D IAXA TR AT DI 1RO T B 70 & % FIV TR 2 #E il LT 5
[7,9-12]. L7 L, BGA 73y & — DHGEEL I BRI AT S 402 BB K L7 AR O 72 JE 4
1 OEEEMNET — & N — 238 STV RWEGEITIE, &R E RN 2 k4 5 2 &
FREECTH D, £72, BGA Ny 7 —UBHREREICIWT, RE TR-CHE AR R AR E &
N2 ZHD TR O 7 J5 3 3 O BB MM RRER & FEhi T 21132 K297 ) LR METH D, =
NOOHMIZEY, 7 UV —BGA XA ZERE OE RPN TI, HEA O B8 W DR A

b & A T—Ie b L7 HRERIC K 2 R MRS AT OMENL DS S BT 72 > TNz,

i

=)

B U7 RO 2 JE AL, A PR EESRIEMRAT CIEA TEBEREIC R AT DI % R 2 B
WO EELMER DD, HROT BN ER D L, 7 o FHERERITER L TERT 2
FATEMDOOT HREEIC S RN E T D EEZ OND XA DIET)— O BREIRBRZE 72 O
FTREERFE A 7T Z & D I18-15], 1ZATZM O OT B ERFE A T A -t
MZ R DA MREREMT 2 ERS 2 Z LB AR TH D,

Z I TZOETIE, X UDICHRERIEMIT CHOWDIZATEM ATIYNVED T — 2 X=X %1525

72, 187 U =13 A TEM DIEH—O0F Btk 2 m O F s B b & o0 7ol 2 D O s B CTHIE
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T5, 2NV, F4ETRLE 21 mm ff BGA Ry 7 — U ZRIEL 727U o bR IR
F DR A TE e TR T B MNP ARG SR 22 L, M MR BR A VX A T2 D O B B AP 2 5
JE U 7oA IREESRIEMRAT 21T 5 o 1T ATZEEBIC I AT D R ST 1A1G 70 & FEM U 72 iE A 72 Baie S
Wididn & OBURZ I L, IZATERITIGC T X D807 U —BGA 13 A T2 B N ET B A 3T A 5
EERetT 2, DTN, Ny r—Ut o AW ER 5 FAERR B OE RIS R & DX 5

AREHIFIE ORI Z T,

7.2 Sn-3Ag-0.5Cu IZATEM DI S — OF Mtk

7.2.1 JEA— OFHERERIE 1R

gn7 U —I3A72 Sn-3Ag-0.5Cu DI /) — O Aot & g RAER IC L 0 IE L7z, JEIC AW
SlIERER A & Fig. 7. 1ITRT, KRR L72IZA T2 A > 2y MY (IE 45 mm X & S 27 mm X
£ X185 mm) ([Z8FiAA, FRILTA > Ty FOHRIE G LEFEIINITIZ X > T Fig. 7. 1 ©#&K
B AER LTz, —RDA Ty DI 10 BORBRA 208G L7z, A Z2 A1 3y b
SUIHIIN T L7, MTIC X 2B OTHE2RET 272 OEEMIN T 154°C (427K), 1 KRk
FFOBILPR 2 Fhfi LT,

SRR 1T — AR E (RNt =~ v a BT O B R ERT I — R 4
TYPE EHF-U2H-20L) %M\, =i (20~25°C) THIE L7z, SIERBROMEE Fig. 7. 2 12
(16l SIRRER T OfEAE (Fig. 7. 112R L72RBRA M OME 20 mm OF47) B F 2424
BECHRATHEET S, ABEBOT 7/ F 22— Z ZHEME LA T A X ZflHAE RO BT
TCBEXBITHTED 7 v A~y FHEE TS THRRBRZIT o/, — &7 B A~y NHE
D|ERERE, 6 FHED 7 v Z~y RfE (0.002 m/s, 0.05 m/s, 0.1 m/s, 0.5 m/s, 1.0 m/s, 5.0
m/s) TiTo7z, &7 v A~y RHEEICBIT25ERBRRER ) X3 &Lk,

7 Ay REEOmHRER (R CITEBuEE 0.06 m/s D) TiE, 7— REANERE
L7222 O E AN EHHNE TE 220, ARE TIE, BB A E R Em 0G0 AT 72O s

— VO ERE L ORREZ 7 v 2~y FEE 0.05 m/s OFRER TR T EAZIE fh#f 2 B L,
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Y

50 . A0 70

20

Thickness: 2.0 (mm)

Fig. 7. 1 Dimensions of tensile test specimen.

Slider Slider

Sliding
span

Housing

Chuck

Specimen

Chuck

Load cell

(a) Starting position (b) End of Sliding span

Fig. 7. 2 Outline of tensile test[16].
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IhE W TEEEETHE LIZEZMOOT H 2 mEICHERE Lz, 72, BB P IRETE
(Fig. 7.1, £ 10 mm, 1§ 4.5 mm O#5y) (2L, i/ —OT HEBREEHO OT A —T %
B0 AT, BIREBRIFOOT 2 JIE Lz, FIATER K OCHEAZEICIE, Wihb 7 ) v FR
5mm OOTAY—y (FfEHEM, KFEL-5-120-C1 LIM2R) %850 7=,
722 PIERHER
7 a A~y RIEERICIE LIS — SO 2 ilifi 4 Fig. 7. 31277, SlEARIC X
ST, 1ZEAEORER L Fig. 7. 4(@)~OIUR T L 9 1Z5BR T F AT (18 4.5 mm O 57)
THEMT L7z, L2aL, SBRANEBICAAE L7z A RORBR A BT R DAL 72 EOBIZ L - T
BRSPS LIS TR 245G (Fig. 7. 4(d) bbb o7z, F7, BB iz ib v 115 7=
OTHT —URRBET THANT LI, OTAMENRBET CTHlr L7 B A b dH o7z,
Fig. 7. 3 (21X, B OMWrN Fig. 7. 4 (2R L7z £ O WCRBR T A OSEATERCRAE L, kM
ATE CRBA TR OOTHBRE TCE MR LR LT, 70 A~y FHE 1m/s & 5m/s DR
BRCl, SIERBR%ORBRAIMAGTEEZBG T RNo720DT, 7 A~y REE 2 m/s TRl
L7eRBA OERZR LIz, £70, 5IRRBRIC L > TH LI 0.2 %, SIERI B LO0T
FHE % Table 7. 1ITRT, &7 v A~y NRHEOGIERERIZIS T 20T L, BRBRA Tk
IGO0 BT — VO TRIE L0 A afficd LT e v h L, ZOh#RoIE5
ZERWIZHEBIC BT 2HE ORI L, MOTAETIE, OFTHEERELS 2D L L bITSh
WELRY, BmOVBIRREZRT L OICRD, 7 r A~y FEE 0.1 m/s (O HEE 4.0 (1/s))
LUF O] — OF BRI TP B W TR A MRIE—TE & R D EmsBlbivTnd, —H,
7 v A~y REE 0.5 m/s (O3 AHE 31.5 (1/s) LLETIX, BIMEZRIG ) —EHITEOILTE L
T, IENTOTHOEME & HIZFE < e o Tz, Sn-3Ag-0.5Cu 1A 728 O O sl FEAR A7
I, BRCEMRIC BV CEEICHE DN TV S,
AEIE L7z Sn-3Ag-0.5Cu (XA TEM DI ) — 0T Al (Fig. 7.3) @955, @B CHIE
L7/ m A~y R 1 m/s & 5 m/s OIS — O Hllifkix, 0974 0.05 LT OFEBICIUNT

finod 7 v 2~y FHEOHHRE VIS NMELS 2o TV D, ZORIMERTERF & LT FIZE~ %
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200
150

100

Nominal stress (MPa)

al
o

- Sn—3Ag—0.5Cu

Nominal strain

0.15

Fig. 7. 3 Stress—strain curves of lead free solder.

Table 7.1 Tensile test results.

Cross—head Strainrate Tensile 0.2 % proof
speed (m/s) (1/s) strength (MPa) stress (MPa)
0.002 0.17 55 31.0
0.05 3.3 76 30.5
0.1 40 99 29.0
05 31.5 120 29.0
1.0 83.0 129 26.5
5.0 353.0 150 29.0
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(a) Cross—head speed : 0.05 m/s

(b) Cross—head speed : 0.1 m/s

(c) Cross—head speed : 2.0 m/s

(d) Cross—head speed : 2.0 m/s

Fig. 7. 4 Appearance of specimen after tensile test.
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2R EEZEZTHDN, WAEZRABIIAHTH D, AFEoLHERIT, Fig. 7.21RLE LI
AT A X aEBERKMTIEL, ~Nv 2w 7S L7 A6 B4/ U CRE A IR A & 5-

ZTCND, @7 ANy REREZHRLIZDICATA X ENELIZGE, ATA XN NI T
Pefih 3 2 BRI @ WVE R MER T %, Z OEE NI & o Tie BRI OEERSE-0ER i i 25812
O (B WIAESR) AT TREMET L, I/ — 0T RS OES M~ FnnAE L2 &
N—2oDBMEEZ N5, £72, Sn-3Ag-0.5Cu (A TH 5 IR Ol CTIE, Fig. 7.41Z
RLTEE Y IZmZ m Ay FEETHHTHO —MICR yF o IREL TS, M7 B ANy B
HWEOGIRABRTIL, Ry F 7 PMEHEOGRI D BNEBETRAEL, MEMEF LI &R
H o —DOOHBEEZTND,

Sn-3Ag-0.5Cu XA ML, FEBED BGA 1TATEHERE Y A RIZU OB 7 CIdsefd & L
UTHFE AT W ERE AR & 72 0, KGR A CIEZ SRl 72 o Z EnsfiE S Tngd
[17,18], Z oEEFEMMOEN S, UGB & KAGABR A TR b D PRI & 22 534
C2ZENEMINTNAD[17-20], & 61, FEERIAVD WU NRER A DR ) — O3 B PE T
FEd AR E M E 2R3 2 & biE STV B (2], AIFZEICHVWZ Fig. 7. 1 OB IEFEED
BGA 1ZATZE Y A X LT R D REGABRA TH D720, £ OBEREREARE L FEER DT FE %
LIZRR-TEHEY, NWFFECHLEVDRSLLEXOND, LNLARNL, MNA 617,190

L, UNEEBR TR O I0 )1 — O T i S KGR A CHIE S Al L R UBIRTH
HZ b, IR R < 725 @O Al EE Ik CIE MR A CHIE L 7c et o 22 B3 6/ N3
DM D Z & DR SN TN D, RFE TR 5 3REER T 1EIC K 230Nl R O3B A K T
b5 EbE G, BEEMRCOR AT ALK TR A I X 2 AER R 2 AR

BERIEMATICHWS Z iz LT,

7.3 AR BREIGIC X 287 U — i A 7255 e E s M 3L DR 5
7.3.1 HFREFRMENTHIE & fENTRE ERGE

% 4 B TITA B E R MM 2 50 L 72 21 mm A P-BGA /Ny 7 — V3 A 01T A2
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BRI AET IS N RO D12, ZORBKEL T 7 /UL Lo A IRERIEMAT 21T > 72, 21
mm /Ny — T EFEE LT GE ONTE T V% Fig. 7. 51T, xIFMEE B E L AR
e Ty RO U475 % Fig. 7. 5@ D X 51287 UL L, Ny r—EHE o7 Y > M
BHUICE S 100 g O T ey R&2HRE T LR UHE CEE S, ffrt7 vicknT, 7
U o b BRI E S O P R R M SRR & LT, AT E T LTI, EEMBR CITATCH:E

TEEB OMEWTNBE Cho > 7oy 7 — a—F — DI ATEHRHR D A Fig. 7. 5(b)D X 9 723l

i

=

BRFFNLIERRET V& Ui, tholZAEERS MW SB o fARET LI LT[7,22],

FENTIZ NP B EE % Table 7. 2 (2877, AWFFETIZ L], HHEO X I IZOTHEE Fm
Bt IZATMITIZE A WA LRV EEB X, TATHM bME RS LTl L7z[6]l, Lo
U, it U720 023, XA TR OIS ) —OF 2l & FRIS D L 0 fisis @ < R o 7272,
(XA T A BIBIER & U CRT % 2 12 Uiz, 1ZATEM SO BHI IR & LTz,

Sn-3Ag-0.5Cu IZ A2 HHHT O CuSn R&BELAWBIE XX, % 5 %D Fig. 5. 1512 LT-
£tV 7m—32EE% T 83~4pm ThHhod, CuSn RILEWOMMEEILX, AT T —vav
AR CHEBP L 72BN S [23IC Lo THE SN TV D, 6 OE[FERTIE, Ve —IZARA
FEZICEICEK SN CusSns DY 78 E LT 110 GPa BMF 6T\ D, Z OfEIE, AT
TETMEL TS CusNy KDY 7% (Table 7. 2) LRUETH D, LAEWE I T
<, MDOEM & OHEENRENTZOET MERKRETH S, CuSn RILEW DY 73 ) Cu
NAIERT T D Z LD, BIFFEDINT CIIbEWIE Z ffiTE 7 /M AR Z LI LT,
FRMTET MI—REFR 6 iKY UV v RTIER L, BRIRIZA ZZHEREE 7 L D/ NEFR A &K
0.02 mm & L7z, fEATICITIERIZERAFYT Y 7 F LS-DYNA Zf# L7,

FEHTIZ N DIXATEM OIS ) — O R 2 e E T 272, £3 Fig. 7. 31K L7 B A
v N 0.1 m/s (O3 B3 4.0 (1/s)) THIE LTSS — OF BRI K o THfEIT 2170,
Ny =2 a—F—OIXATEEHHIN TSN K ERDEFROOT HREZ RO, 723, =
— T IR T, BRISHFBEEEROOTHAEEN R bEL Lo THEY, OF B EX

13~140 (/) DHFIPHTH > 7=, D SINT, TN TR O 72 OT BHE DI I — O A il %,
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TCenter

(a) General view of finite element model.

Pad

Solder

(b) Shape of solder joint at package corner.

Fig. 7. 5 Finite element model.

Table. 7. 2 Material properties.

Component LZL;TI{;: POiSS.ONS Density

(GPa) ratio (108 kg/m3)
Chip 190.0 0.07 2.30
Package Encapsulant 21.0 0.21 1.85
Interposer 235 0.35 1.85
Pad 110.0 0.35 8.50
Printed wiring board 18.7 0.16 2.28
Solder 24 0.35 7.30
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ZOOPTIHEFERTH O OTEEEICE T 5 Fig. 7. 310 LTS — OF et 2 O SR A
Lo TRIET 25, BH LIS —OFT HREEZ T X COIIATZERICHENEL LTHEX T
FREERRNT L, 1A TZHERiIG 1) % R 7z,

EENAM SN TERT DIXATTERHTN TIE, GBI E > TOTHEEN R > TEY, O
PTHREEICMBAELCTND EEZ BND, AFETIE, &b EmWOT B EIT5HE L2 PR
UST—OF B ZIXATEERET T X TOHERIZHEZ TWDH DT, I mDIZ#F -l LT
Do FENTREEE 2 0 18] L9~ 5 72 DI, 1TATEEREMN O OF Bl B4y Af 2 B 8 L 7= figthir Fik o
BWHASMEEZ 2 TND,

ZIC, BEAT o e B IREFRERNT ORGE A RRET D728, Ny r—y a—F—DTATEHR
AT BRI I8 R T D FAR O 20 0 SERME & fRtT i & DI AT - 72, 77U & b HERE 1.6 mm,
Z /390 mm DOEMROT HBEIE A Fig. 7. 6 (Z-7, FIHNIEAET 2 REMOEZ A IRITE
EF—ELTHY, KRBRENTIIMTIC L > TEROERREZHBELTE T 5, 7Y v MR
JE 1.6 mm DD 200, 7Y > FEMRE 1.27 mm O CH, RBREMIC L - CidzEi
Roni=n, ZERBROBENME LN, DXL, 7V 2 MERE 0.8 mm O KO A T
s % Fig. 7.7 & Fig. 7. 8 12777, A% 40 mm (Fig. 7. 7) DIAROT I IL M) & 7
Bremizig—s% L s, L, A3 60mm (Fig. 7.8(a)) & A% 90 mm (Fig. 7. 8(b))
T, FEH LTI ERNEC T D, RO 2T A3 60 mm, 90 mm & & ITHEHTIEAN 5
HIME X 09 20 %K< oo TV DD, ZOREOZERTT Y > FMEKRIE 1.27 mm <° 1.6 mm Ofif
FCOELLHBEND o1, —05, HWROT HEY DT &M & DFAERITRE <, BITEE A
232 60 mm (349 30 %, A% 90 mm TIEK 60 %EHE L VL 2o TWnD, 7U 2> MEK
JZ 0.8 mm DFEIERBRH RN ANRTRBRT D &, vy FERICE DT & FEREEED K
L 5, TV v MEBREE CEREF I HA~DOFT RO BEL L EZEZ 6N, ZOT Y
v NERDT RO K o THERETEEITIEINT 525, WA &2 BAlSR & LT AP O fig
Wrcik, EBoOEREEZ HoICHETE TRy, ZOHENS, 7V > FEKE 0.8 mm T

AN DIEWG AN T BIX A TEHERSH I T FRATRE R0, AR R & 13 R e p M A R &
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- . Package:21X21-272pin
i i PWB thickness:1.6mm
- ' Rod weight:100 g
03 ' Span:90 mm
s i ' Drop height:150 mm
o i | | |
g 0o .
“ 0.2 T A T — Experimental
o strain
£ i
g I — Simulated
$ o1 b \ strain
8 L
‘-t -
=] L
! :
of - —d N
_01 i 1 1 1 1 1 1 1 1 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1
-2 0 2 4 6 8 10

Time (ms)

Fig. 7. 6 Comparison of surface strain waveform on PWB
between experimental value and simulated value.

(PWB thickness 1.6 mm, Span 90 mm)

0.5 | j j
- Package:21X21-272pin
i PWB thickness:0.8 mm
o4 " Rod weight:100 g -—--
[ Span:40 mm
s i Drop height:60 mm
m - | |
E 0.3 i | |
w i ‘ ‘
o L — Experimental
£ 02 A e\ M strain --
® i —— Simulated
® L strain
€ 01 | |
> | |
» i | |
0 X : !
_01 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 x 1 1 1
-2 0 2 4 6 8 10

Time (ms)

Fig. 7. 7 Comparison of surface strain waveform on PWB

between experimental value and simulated

value.

(PWB thickness 0.8 mm, Span 40 mm)
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Surface strain of PWB (%)

Surface strain of PWB (%)

0.5

[ | ' Package:21X21-272pin
i ! ! PWB thickness:0.8 mm
04 l l Rod weight:100 g
i 1 Span:60 mm
i i Drop height:100 mm
0.3 r 1 | | |
i i — Experimental
02 p-—-—-—-—-+-f{--——- - strain
o1 f--- (R |
0t W\ /
_0_1-u..xuuul...x...x...x...x...
-2 0 2 4 6 8 10 12
Time (ms)
(a) Span 60 mm
0.6 ‘ ‘ ‘ ‘
C | | Package:21X21-272pin
C i i PWB thickness:0.8 mm
05 r | | Rod Weight:100 g
i ; Span:90 mm
- ! Drop height:150 mm
04 : | | |
03 p— Y\ — Experimental ~
r strain
02 f-———F}-
01 f
0 |
-0.1 L g g 1 i g
-5 0 5 10 15 20 25

Time (ms)

(b) Span 90 mm

Fig. 7. 8 Comparison of surface strain waveform on PWB
between experimental value and simulated value.
(PWB thickness 0.8 mm, Span 60 mm, 90 mm)
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TFHSND, LinLaenb, 7Y & MEROEREZRFIRE T Vb AHETHRVWO T, 22 TiE
L OFERSME & FRRIIZ A TE RGN 2 HH L, EBRCRO -k & ORRREZRET 5,
7.3.2 FATCERFERES RIS K S EEGHEFE

HIRERIEMHT CHRIT DIZA TR IS D 5 B, EOIS TRk % S 23 2 0&ET
DVEND D, FHAETRLULIE T U —ZAEELED 21 mm A3y r— VB R TiE, 13X
A TEHEREER OREIRTIL 7Y o b BRI TR A L, B8 i IR S 2 &R bEmE To
WS X T o T2, ZOWWTE— R0nb, (LEWENOEZHZB A S5 Hm & 7 586 R
izt U CHEE 22 7 (Fig. 7.5 IR L2 Z 7)) OIS N Z e s /& Ulc, 1A TEHEREIZ
AT HEE SN (Z W) S5O 6 % Fig. 7.9 1277, ZOMTIE, HREM Cu Xy K&
DA E TS @IS DL LTV D, F-MIG DI, 1ZA BSOSy RT3

NTOEFAIZEFED D S, TEFHDOGIRISHPRKREIRo72 1 ERANOFEEZ AT,

sig-zz
(MID ) .
{(Nodal ) Interface of PWB side
(*1.E+02)
+3.0000

Fig. 7. 9 Normal stress distribution of solder joint.
(Package:21X21-272pin, PWB thickness:1.6 mm,
Span:40 mm, Rod weight: 100 g, Drop height: 90 mm)

BB AET DI85 B, B A RE L T W OISk 2R, S & BT

ELTEMBHIR AT 20 11TE L 72 5(24], L7edi> T, CuSn RaRBHELAEW[23] & [F LY
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VIR THD Cusly REDRETHET DAL ERORE S AGNEZANDE 2 LI2koT, #
fe SRR S DB W SE Rk & RIS R T & 2 £ B2 TV D
7V v FEME 1.6 mm OFEERABR A ICB VT, A3 40 mm & 90 mm TEEBREAM LR
REZ fifAT L O RO 7o lT A T B B B 7 1015 ) ORI 268 2 Fig. 7. 10 124, o K32
B, SRR O ZIEFGE IR CTdh 5, Fig. 7. 6 72 SIR L2 EROT 2T & [FlER,
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Fig. 7. 10 Simulated stress waveform on solder surface.
(PWB thickness 1.6 mm)
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Fig. 7. 11 Relationship between maximum interfacial stress
and cycles to failure solder joints under impact bending test.
(PWB thickness 1.6 mm)
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Fig. 7. 12 Relationship between maximum interfacial stress
and cycles to failure solder joints under impact bending test.
(PWB thickness 1.27 mm)
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Fig. 7. 14 Relationship between maximum stress of fitted curves
and cycles to failure solder joints under impact bending test.
(PWB thickness 1.27 mm)
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Fig. 7. 15 Relationship between maximum interfacial stress
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