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Abstract

In this paper, global full 3D finite element analysis fatigue models are constructed for
flip-chip BGA on board to predict the creep fatigue life of solder joints during the thermal
cycling test. The fatigue model applied is based on Darveaux’'s empirical equation approach
with non-linear viscoplastic analysis of solder joints. It was estimated by the creep life as the
variations of the four kinds of thermal cycling test conditions, pad structure, composition and
size of -solder ball. The shortest fatigue life of results was obtained at the thermal cycling
testing condition of -65C ~150C. It was increased about 3.5 times in comparison with that of
0C~100C. As the change of pad structure at the same other conditions, the fatigue life of
SMD structure increased about 57% as compared with NSMD structure. Consequently, it was
confirmed that the fatigue life became short as the creep strain energy density increased in
solder joint.

1. Introduction

£9 H(flip chip, FC) A& 71&¢& AN=de 233, u48, 1 €¥& 879 volaz 49
EZY2o] A%E PN 98 T8 Jisolt FF 1~29 Fd & 10xX10m F T /O A
=471 20007] o4 ¥ Rz iEe T I AW 7|29 Fagol ZxIyn At =g 3
(flip chip, FC) 4% W< 3 m=o] §49 AXE olgstd JY 7% 2o H=9} A@s 7]
g gtolo] B9 ARG F& ZAolE FHASY H/HA SR @I E TEY S ER
g 4 do. 28y FC-BGA d#A7IAAAE GAIEAEFH ZE APANEFTI A
BT(Bismaleimide Triazine) 719, 283 v H(underfil) MBS EHAZASF Ao|2 Q3
LAt A= §Y JIFoE TEo] HANY SUHYFF A& FH 8YeE FEsta 9
o2 AR o BHEH IR AM FC-BGAY MEe IPsn oy, olF HAAE A2YR
o) A4 F dAsE AF7] HZ(ow cycle fatigue) SF o] i FFFo)a AU A+
T &3 Aol

E dFE FC-BGAYA TAHE £oddF9 A4 EAE HF3r] 93 88 )4
(finite element analysis)S ZA&3to, I3} AAlo]F ZZ(thermal cycling test, TCT) 2
SMD(Solder Mask Defined)¢t NSMD(Non-Solder Mask Defined)?] Tl Fz, £t E9
Z4 2 37l ¥ E /s R e SUHGEY EFY S HUkeH

2. Experimental
Aol AHEE 7R E 165 FC-BGA(11x15)0lth. s71A 9] o8 =A7|= 13x15molx, I ¥

_27-



A= 500molch. EF £ Eo AU|E 0.45m¢e 0.50mme]w, X = 1.0mmelth sj7)Ax& BT 7]
el FAE 095mE H&3HTh. FC-BGA A Ao Al-8&¥ PWB(Printed Wiring Board) A7]&
17x25mm°] 32, 1.2m F7A 9 6% FR-4& Ar&3iith & #= & £ovt23art 7i%d SMD
9} NSMD #%& £33t f3tas Mo "ask njxyg HA (viscoplastic) 3xY 2dE
7} 84 & PaxSi-TM'"& AMg8tQoH, Fig. 13 2o] 2de gy T2E ndsle vy 1/2

nro nAldsgnt. FTAHY BdL 2 P25 nAE= fz,k% neste] A, &6 ¥
= 7, dd ¥, 2 W=, &0 B PWBE 42 A23a4dn 58 20 AYe RE Y=
Ay BAAEE Mg A 2o AP 2730670, a4E 2149902 FAHHNUT 4
o A" dAlelg 2% ZAL 1) -65C~1507T, 2) -25T~125T, 3) -40C~85T, 4) 0C~10
0Colth &% slMel] Wod €= T Zzte LA L5 A5T3 102, 2&FX7)
7t 5R, &% #7777 108, AL §X717 552 Hesa,

A e 28] Z 4L Darveaux? APV 123 4 (1)~@)E HesQ
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Te A 2=, Cue A, a £ powerdd &40 AXNE £9 &8 &, & ¢
A, Qe ZYUZ WYF FAIANUYA, k= Boltzmann AFolk. 3, %7] FY(crack
initiation) No= K ; (SED) ¥* o], 3)

£ A3 9249 (characteristuc life) @ = N+ a/[ K 3(SED) ©*] (4)

o2 F3 9. o714 SED(Strain Energy Density, AW)E # ¥ A dxo|t} g 13AH
63.2%9 W Z4golry FHZAFE K ;=56300 cycles/psi, K,=-162, K3=3.34x10" in/cycle/psi,
K, =1.04% % &3¢tk Table 19 #A71AE& FAHHT Yt A5y EHIE Ueued, o)
2} CTE(Coefficient of Thermal Expansion)¥ &3 A ot}

(a) (b)

Fig. 1 3-D Finite element mesh model of FC-BGA on PWB (a) 165 FC-BGA (b) global
solder ball
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Table 1. Material properties of components in a FC-BGA

Component Material mg;ﬁﬁg (, GSPa ) (DSHT;/I%C ) PO:;?; s
Chip Silicon 165.0 24 0.28
Substrate BT 20.0 15.0 0.39
, Sn-37Pb 31.0 25.1 0.40
Solder ball |Sn-3.0Ag-0.5Cu 451 23.0 0.30
Sn-35Ag 43.0 30.0 0.30
Solder mask Epoxy 1.24 59.0 0.496
Encapsulant|  Underfill 6.60 Zé Sgg 035
PWE FR-5 31.0 7.0 0.45
FR-4 22.0 18.0 0.28

3. Results and Discussion

3.1 gAtolE 2x o W X 4

AR 7N18E A7H, AR eR dFdste SHATRE S AGT oy, ¥ FAlo)&
Z70A = g% Ego] AT FC-BGAYAM = I BT 7I1% Aol <Y ¥ Ag=2
%A (encapsulation)3te] 13+ HEHA &0l HEe] 24 FYAE 4 Aok A6 2 A5 E
Hg3tx Z& woe = BT 719 @FZAST Aold 3 dAHE 8o Lol FRAA
EF4EA, 9 4 A8E BASE A5v d9 o] HF BT 7|F Atold A5 F5FLE
st S AT LA e $8E BA2AI e E37F Joh FH Ad- "9 13 £u TR
FHE F/HAAIAT U2 HIX Y H FoE A 23 SUHEF EFES A= A
AE A 7FA I itk FC-BGAGIA 2a €H AR ZY= +£9& Frisr] A3 v
AAtolE ZAoA AL gt Table 2 749 2=zAAM HFE ZZZ WY YA
=g T3, o & A@B)d HE&so 271 FEHA NyE Fanh £ 2 Jetd
Darveaux® 784 71z & £ 3 £H( )& F3ATY. A o] -65C~15
0Ce gAtelE AE A ZYZ HME +4F 27 7B &2 92 +#33E 2oen,
0C~100C =73 vlwsd of 359 H=24Y AolE Yeld. -65TC~150T AL 0C~
100Co) wls] Z=Z Wao] wo] WA3E 100C~125Te &5 F9o] EAstn, & 2EA(4

T8 EAlolE AlgL B2 ¢ 287 Ay g3 HEZ4ygo] Foj=vs AFHE 2} et
A ZFPE AP R AEr ol JZEHLS FolxlsE AL & 4 At} Fig. 2€ AA €9
Bo] wAA3E von-mises stress EEEE YeEld Aol £y EoAM von-mises 3ol 7}

s
Fol] TAstE e IJAER EVE 9 /M (edge)d] EFEA AXE TAHAA &9 E
ojm, 254psi & o] WAt EQolvt £ FEle] BGAY A, 2& £uiFFFY dd H
A+ A 3d<9 DNP(Distance from the Neutral Point)7} 714 & &0 2ol 2%, ole} 2
< A= 3 PWB Alolg] €HAAS Aol2 Qs dAHE ol I /1A SAHAA F
7t §7) wgoc}3®
Fig. 32 165 FC-BGA2] SMD #l= FZoA -25C~125C9] EAlolE %= =z
g A4S FY3td & ZYZ AP UEE A9 g2 Jeld Aotk % Fig. 4
SEH-HFEALAEE YErd Folth adA BE vl Zo] I 2HE AL

M o

-99-



Ag &9 + Uk

Table 2. Solder joint fatigue life with the
two thermal cycling conditions

AW No a
(psi) | (cycles) | (cycles)

-65C~150C | 62.71 68 864

Profiles

~26C~125C | 36.32 167 1572
-40C~80T 3542 171 1616
0T ~100C 20.71 415 2935

Undeformed shape
Fig. 2 Centroid von—mises stress in the flip

chip solder balls
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32 9= 7xo) e AYT H4

&€t B9 A7) W ©E Fd=2 F94 g HH L FPFAct 0.45m £0 ES 54T o
F3(column shape) EFA 3ty x, Z7E Table 30 Yetlidch 314 A3 SMD = F
Z7F NSMD = #zd 83 49¢ F39 &9 & Ar|dMe $udFFy =2 £9gol
FAEAD €60 £9 =o& 032m= AAEY -25T~125C9 =dAdA H2 Y32 vzs
W SMD TZ7F NSMD &9 Hl8) 57% 3d4€ 23S 24 $8& SMDY A$ d=9 &
o AN g2 o] LAY L, NSMDIME A= A3 Je d= 49 2ZAMg &
o A% &o] LAY, AEd AFAA NSMD 7ZE SMD F2HEY £4 Eo|7t y7tes
FFE 1LH}A, &6 EolE 02Tm= FHEsld AAFA 1171 Al EFR 17.1% #H42d ARS
Yetd ok 2eiy, AA 971% @73 NSMD #x9 o] 7= REd AFHoz vy
e &8 &8 JAFd AF Td Aol Atk & SMD FRAME A= £UHFE A
AGAA AF §¥o] LAty £y Wiz gde] A FFE veld, 287 4o
SMD TFZe°] 8] NSMD TZolA £uHFHY 92 Fhgto] Fole AVAIA ZHME

ks
=
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Table 3. Solder joint fatigue life analysis Table 4. Solder joint fatigue life analysis
resulted from pad structure resulted from ball size
Pad (ZII):X (cyljfes) (cyca;es) Profiles (41,):1\; (cyI::I;)es) (Cy;es)
SMD 36.75 163 1412 -65C ~150C 62.07 70 794
NSMD 38.77 150 1332 -25TC~125C 36.75 163 1412
-40C~80T 35.35 174 1475
0T~100T 21.03 404 2636

3349 B Al 2 2 AYE {4

&0 2o =7 Wi we d9z F9o st #zte &x A sHAS FAsAT
0.45m =719 €06 2L 9% 958 2y AN £P5A 3, sh4 Z2H%E Table 49 Y&t
Wtk 050mm & 29 A ZAF}Q Table 29 v W&, 045m €0 ¥ Bl HT 94%<
2 FHgto]l Z/8S 2 £ Uk ol 2o A &0 B Av|Y FIvke FUAFRY 4F
o] Z/AA A AHESL 7AA7)7] e SUFERY FzFgo) FAHE Ao #
g

AT &0 YR 58 Fo 84 faA EAV ASHEA, 2F 7184 & dAs] 9
T 2A £u A8 a2 AEUEd W A7 AdHD gk AR AFA JEE AR
Sn, Pb, Ag 59 #Fol MZ t& &4 & Algsted, 21 &34 wat 43 Aol bar] dE
o 7R Fehet R H&date] Tz wer HFP o A HdAo] Badd &¢ £
Qo o3 TR F24E HolE HHAH S HWE7] Sn-37Pb & HL4sUt fEAS
2 £F 74 9 g gaez e FsAn -25T~125TY GAolE #3AE =AM
2 AtolE2& 718le] Table 59 & ZAF}E AUtk owe &9 ¥ Av|E 05molH, =E
SMD +%& AH&34h

Table 5. Solder joint fatigue life with the soder materials

Solder 4 W No e
(psi) (cycles) | (cycles)
Sn-37Pb 36.32 167 1572
Sn-35Ag 56.77 81 964
Sn-3.0Ag-05Cu| 27.16 267 2168

Table 591X ¢} Zo] HZ4HL Sn-3.0Ag-05Cu>Sn-37Pb>Sn-35Ag <ot ol9 & A3
gz4mgoel ztzte] &£yl e 2% ¥l W EAXS AR FASF Xold ol AEFS
4 Atk FE £9E Sn-3.0Ag-05CudlA Fdld oz F33 AR degen, Cu &
ANE 1A ZE7F Bolxl A2xz fwadd, g SR J24% F4S PWB
7NN dHAASF AFolB FAAF 3, AFNA FZo) g HAH9 = FE A EFH
HJAde & F AU

R R A Ay
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