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Abstract

In this paper, the thermally enhanced FC-PBGA (Flip-Chip Plastic Ball Grid Array) assembly is a
basic FC-PBGA package that is over-molded with molding compound, after which an aluminum
heat spreader is adhered to the top of the molding compound and subsequently mounted on a PCB
(Printed Circuit Board). Three-dimensional finite element analysis using the commercial ANSYS
software is performed to study solder ball fatigue life for this thermally enhanced FC-PBGA as-
sembly subjected to temperature cycling. In the simulation, all the solder bumps and the solder
balls are modeled with nonlinear viscoplastic time and temperature dependent material proper-
ties based on Anand'’s constitutive equation. Solder ball fatigue life is estimated by the widely ac-
cepted modified Coffin-Manson equation. The thermo-mechanical behavior of the assembly is pre-
sented. Effects of alternative design parameters of the package components on solder ball fatigue
life are analyzed. It is found that higher CTE of the substrate core, higher Young’'s modulus of the
substrate core, thicker substrate core, lower heat spreader CTE, lower heat spreader Young'’s
modulus, reduction of the thickness or width of the heat spreader, higher CTE of the molding
compound and lower Young’s modulus of the molding compound result in better solder bump fa-
tigue life. The effects of the parameters of the adhesive are found to have lesser impact on package
reliability. However, lower CTE, lower Young’'s modulus and greater thickness are found prefera-
ble.
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L (Integrated Circuit, IC)E %2 H /2 BRI A il L S AR Ro Bsife ke, 7 I AR IR |
TRAP SR aE M) | SRR AE . 4ERFHLT IS SO0 . IRk T R L R
RS Z R R, T 5 R4 (Flip-Chip Plastic Ball Grid Array, FC-PBGA)#:} 2 X Jy 4 &1 110 HE 1%L
R EBAR L m I R S O ) S e AR R A AL, RN R R . HE AT R
BAHAAAERBEERME L FoR, G602 RiTr2aEam, mTFSaa gk 28008 —BURE % %

BRI AR X ) R0 17 T 85 2EL A7 AR RN AR AR ) o X BN AR N ) 2 RN e N W AR Ak 5 B
o HTEEREBAEN N, 255 KA WIR, 3G et k.

JIT CAIE 4 SR VF 22 2 38 1 6 AR TR 7 BRI 502 ) 2 Ak 2 B R T SE P AT A 7L, 1997 4F Lau[1]5
Mercado[2]#H 4k $& H HE A U7 ft BRAER AL A 2 Ak b, BH BRI S 5 R AERIIR,  JF48 H B AR S 5 38 I 19
HAe iy, 1999 4 Mercado 15 Sarihan[3]4 X} JE A 7 BRI 3 235 0k TR BE PR A 8k T, A PR
TCEE, TS RN SRR FEREEM 5 B BE R A (O RE I, Rt N BEAR A R
B R S B A5 BRI 57 7 . 2001 4F Vermal4]fd I A BR 7C RVERC & 5296 510, AR Xt REAR 7S
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BRI LR B SR AT B R AT S B b, ORI AR 2 BRI FR O KT S FE R AR B
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K, BMHA: BPMR. SES. HIREBAME RS, TRABFGREE &R AN R E. H
e SEINIX Se 2 A 22 U JFR AL G AR IR FT BiAE 595 57 7 S NUAT . B AT AL, ERTEcsR Ay
T BRI 2 A R 2 85 BR T SR FE R T LD
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JB2 (%) B 2 N s BRI 7 1B AR SRR R - (7 VRS S R 80t v 42 3 . 2006 4 shim and Lo 55 A\
[S]0F IbFp GRS AR AT TSR L, RILEE B 2 b B sk A7 .

2006 4F Jen S5 \[6], fEFHABRICRAME, S0 SErE @ RS I B A0 B 7 BRI S 2H 4 & A i3k A7
BRATSERERE AT, JFHETC Darreau Frd th (19 55 4 i A Xt R R BRI 55 5w, i tHSCRRE R RN
A LR TG ER 195 57 % i 2008 4 Biswas[ 7]515x o — MBS B e A0 B G T sk 20 & 4, A ]
ARICEE, #EC Darreau FTHRIE S dn A M HBIBRINIE ST H oy, WATHERATREEG L, a3
FERR A JERE . SEINE B R 20 A RO 55 A s . 2011 4F Liu 58 A [8], 525675 %0 5T FC-BGA
BRARMALTE, fa A BRI AT Re 2 S BE R m) B2, ARpn) T2l

RSB AR IR A A Ak, SRR, B LIS — R, R
BEEWE 3 R, EAHNS 3 BAAE, SATEERATEEM T, LL ANSYS @i — ke
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Figure 1. Type 1 assembly
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Figure 2. Type 2 assembly
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Figure 3. Type 2 assembly
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1 UL AR O N BE A R 78 S BRSO 20 & 44, B (Solder bump) & 4= %040 3 #ii 4645 (Die) ., SR e E K
TEFEAR (substrate) b5, &5 Fr 5 AR 0] 1) 2 R 78 S5 R (Underfill) o JiS s 1 ) FH 2 ek ot v 55 28 AR T 1 4
RN RO U RCIE R e J, ORGP TR, TXRE AW RS A 2 1) 7 ot BRI 5 2 3 S Ak . 43235 LAL4% Bk (Solder
Ball), 4 ittt 26 A A 75 ELRRI FELES AR (PCB) |, IXRE R IE R A Y (1) 78 i BRI S A A0 Ak o AR 1) RST 2
25 x 25 x 1.0 mm;  E[VRIEL R AR A R <2 100 x 100 x 1.4 mm. —F #R2E4MNEH B4 2 (Solder Mask), i
492 (Cu Layen) (2 J2HR . FEAR 19 EA /2 BT (bismaleimidetriazine); E[Vl FL AR ) JE 44 2 FR-4. F4i
fL(Vias) H K255 5 AL, A 75 AR S EN IR FLEAR 1) N 3B o U A Bl oA s Bl i o el
AT, AATENERE FER FRE)ME 4 fis. BRSO, &4 RS2 —15106. 3
2 RN SRR FATVE G SRR E R, W 2 fon. 5 3 MAGHRE AU A4 L
FE— MR, W 3 B . ZVEAINER R 1.4 mm, HE AR RN NE 1R,
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Figure 4. Location of solder balls
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Table 1. Dimensions of the assembly components
1 HEWARRYT
HikGs JGAF
BHAR 11.7x11.7x0.35
A 6.4 x 6.4 x 0.74
BT MK 11.7x 11.7 x 0.81
SN 4MZ 0.25, 1% 0.20
WEES H 1% 0.182, #0.107, [f]f#E 0.65
BIER HA£0.77, #5057, [AFE 13
EMV ] AR 46.8 x 46.8 x 1.7
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THIR:
P 1/m
di:A(sinhggj exp(~AH/RT) (1)
dt S
ds s\ s )|deg?
B _hll-= 1> |12
e [ofo-2 -2 o
1 de® _ (AH\]
° S[A dt EXp[RTﬂ )
/\l:':‘
p
dd%t . ¥APE N AR R (Plastic strain rate)

A: T B 5% T (Pre-exponential factor)
AH : ¥H1LAE(Activation energy)
. S AARHE i (Universal gas constant)
. N7 FRE (Multiplier of stress)
2% L £ (Absolute temperature)

. AR KK T (Strain rate sensitivity)
: fif 1k % % (Hardening constant)
HAAE T H 1 1H 2 %% (Coefficient for saturation deformation resistance value)
: HEAL 2 AR SR AU (Strain rate sensitivity of hardening)

n: EAIASI R )1 2 N AR R UK (the strain rate sensitivity of saturation (deformation resistance)
value)).

SHUH AH/R=9400(Y/K), ¢=15, A=4x10°(}/K), m=0.303, h,=1380Mpa, S$=13.8Mpa, n
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Table 2. Material properties [9]
2 2. tAEMRIMER

Ik 2% (ppm/°C) BY IR TR B
FERES W A5 45 (MPa) FALL T cC
T<T g ™T g g (°C)
i 26,000 0.25 9 40 150
RS 9,500 0.3 22 84 115
M5 8k 75842-152T 0.35 245
iy 131,000 0.28 2.7
i 110,000 0.34 17
FERR M 24,500 0.22 16(x,y)60(2)
TN e ) 19,500 0.2 16(x,y)50(z)
B = 4,000 0.4 52
T 35 0.3 232
e 70000 0.345 23.7
160 r
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Figure 5. The temperature cycle used in the simulation
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Figure 6. Relation between fatigue life and element
number for Type 3 assembly
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Figure 7. Finite element mesh M3 used in simula-
tions for Type 3 FC-PBGA assembly
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von Mises B /3 15577 #2201 T Fhro s
1
1 2 2 2 2 21\ |2
Oyon = ﬁ[(axx —O'W) +(O'yy —O'ZZ) +(0, — 0y )2 + 6(z'xy T, T, )] 4

von Mises W AR TH5E 7 F2 2000 R frs:
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1
3

K] 8~10 3N — B A 1R 2 3Kk von Mises B 1Al 23k von Mises 8748 7345 ¥ 5 4H & kA
T . AR B o, ok von Mises 3 /7 5 #¢ K von Mises NAE Bk B AEE5 Bk N LG 1 S5 ER(FR oM i
BiER) Lo WAL TR RN T T, RIFESFENE, 55 R AR RK I RECRUTEC . T30 2SR o
BAEGHIE(S % 8 54 9 MBEkHRA), WRKERKIBESE, 1 58RSZRBRMBIE.
KRR FH 1 SHRZIBEKMHFELY. SHRRE(E 10), R 1 SHRZIIMBFELE, &
HAbGER ™, BT LLZSERECR 5 R AT 55 IR o

] 11~13 4r 5AEE 2 BYZH G4k 2 858K von Mises 27170, 858k von Mises 8748 7341 ¥ 5 40 & R A%
B, oA SR, K von Mises B 7755k von Mises 28 th & A FEER A B 1 S48k b, X2
N T B G, B r i o Ve rsg i, AR EI(E 13) 5 EAR (K 10)1L, AR T O ER
A B S, Z2ERRE(E 13RI 1 SEHIRZRNTERY, BHAMGIHRE, FrLlxSskas
Gy KA 5T R .

Vel 14~17 43 RS 3 RUALA AR 2 ER von Mises 8277431 &l 3K von Mises RS A [, H A 4AR
. B B R BUINAELHERUS Bk von Mises N 58K von Mises W28 B & 2E7E 7 S48k, ik
SEBF R f e E . SRR B R AR, SRR T SRS, RIEHh ISR T B AR i, R
FTARGIERIIO B IR, PSR RILG NI T SHIRE R .

3.2. W EGHM

AR TR AR TR, (BRI 57 75 i il DURS A3 fin 314G N(mean cycle to failure) k&
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Figure 8. Von Mises stress distribution of solder ball (Type 1 assembly)
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Figure 9. Von Mises strain distribution of solder ball (Type 1 assembly)
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Figure 10. Deformation of the typel assembly
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Figure 11. Von Mises stress distribution of solder ball (Type 2 assembly)
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Figure 12. Von Mises strain distribution of solder ball (Type 2 assembly)
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Figure 13. Deformation of the type 2 assembly
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Figure 14. Von Mises stress distribution of solder ball (Type 3 assembly)
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Figure 15. Von Mises strain distribution of solder ball (Type 3 assembly)
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Figure 16. Deformation of the type 3 assembly
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Figure 17. Solder ball fatigue life for the three different types of FC-PBGA
assembly
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Figure 18. Relation between solder ball fatigue life and the coefficient of
thermal expansion
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Figure 19. Relation between solder ball fatigue life and Young’s modulus
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Figure 20. Relation between solder ball fatigue life and dimensions
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