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Abstract

In this paper, three-dimensional finite element analysis using the commercial ANSYS software is
performed to study the thermal performance of a thermally enhanced FC-PBGA (Flip-Chip Plastic
Ball Grid Array) assembly in both natural and forced convection environments. The thermally en-
hanced FC-PBGA assembly is a basic FC-PBGA package that is over molded with molding com-
pound, after which an aluminum heat spreader is adhered to the top of the molding compound and
subsequently mounted on a PCB (Printed Circuit Board). The thermal behavior of the assembly is
presented. Thermal performance is analyzed by considering various design parameters of the
aluminum heat spreader, molding compound and adhesive.
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1. 518

£E RN L (Integrated Circuit, 1C) %62 B 12 20K A2 il FL g 5 AH G B A A B e R, B i Ah SR BRIRHAA |
YRR TS 5 H AR I RSk B T TR A R R L RN 2 IhRER R B R AU (Rlip-chip
ball grid array, FC-BGA)E R K A 1 1/0 $E %, w5 45 5y 35 ) 5w AR o FE A AR v, DR it
BT[], FEARTE RIS A S ROR BB W E 1 FR), HE W2 B2 AR T4 K.

BT R SRS S % R R, AR SRR E ., 1R 2 B 7 R R
K, BHEHHMNR. SE5. FRSEOME 5. T ERVE L 2 H 905 Pl b B SR 1A 8 48
HEUE 772 BT BT 5 550, 2002 48 Joiner 5 A [2]45 FH#0{A 15 5258 1%t 3 FC-PBGA 5 FC-CBGA
PIBEAERE, 8. WR —FHHRA MR, FC-PBGA fI# <=t FC-CBGA 8°C/W; i —#
HAE IR, —F B S B — 3. 2008 4 Lu %5 A [3]WF 57— kA T 78 B 50 4 g 2 A T
TINEE T — 8O, PRI RS B Re D 50T SRR, SR H &M 555 0 1 ) 1 B0 A 1) 5 A0 R 500) e 2 A
BUARE DA B 520 . 2010 4F Lee [41EFXTIEAY G BRI AL &4k, BB B, ek 2 B
N, TERIRI RS, T, R HIRE BT A SRR, 2012 4 Shim 25 A [5]HF 5T
— LRI BRI A AR T T NS T — BRI PR AT, s 7 R B R

ARSCEPRIE AT SR A, B EER, BEEHR LIRS — B SRR R 2
nE 3 fioR), BT, LLANSYS B g — R 2 = 4E R s R ML AL, T EARMNRS
SRR IR R, XS A SR AT R AT A SRR T . BRSBTS BT, R
BIRSEE TN B S B0 LA AR BE R

2. BRTEHE
2.1. 78 mEki#RR S A

AR SCHIE S5 M7 () = A8 A R A A R ok B SR [4], BREE— Y, S R 5 = RA A1k, 5
— R AR RN FEAR T B B2 2 A 1k, ™k (Solder bump) & 4= %40 7 i 7630 A (Die) |, SR JE &k
Fa#E R AR (substrate) b 7, b Fy 5 AR 8] 1) 25 B 76 L TR s (Underfill) o JER A (1K) B T S 0/ s 5 3 A T 1)
PP RBOR VT IS B 8, RS e, X RER Y R A Y ) 7 BRI S 2 e e . B LU Bk
(Solder Ball), ¥ it A 2 w78 BRI B 5 AR (PCB)_E, X RE b I A AL (X 78 v BRSO AL S A o AR
FIRS) /& 25 x 25 x 1.0 mm, B4 2 FR-5; EURIHLER AR Y R <) 22 100 x 100 x 1.4 mm, &2 FR-4. —3%
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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 3 assembly
E 3. B=RAEAEK

AN E A B30 )2 (Solder Mask),  HLTH 4 4§ )2 (Cu Layen) 12 )28 . #Gl L (Vias) H (172155 5L
B, o3 A AE AR K BN R BAR TR PR o B S5 ER 43 il A& 90Sn10Ph 5 60Sn40Pb # A & kL. BT A
BHANAG JEE AWM, AR ERE TER TRE)WE 4 frox, BExbex, REEY
I WA . BB R A RO AT B R A A A R B, Wi 2 R B SR Ak
BOMAAK FEE R EMR, WK 3 R, FBRERINEEZ 1.4 mm. QA5 EAHFRIR S 568
PERR AN 1 iR .

2.2. EHFEASLAEYG
PEH 2 G RN & AR B 07 R O =4 BT 20, ERSE IR T kT AR
i(kx£j+i[kyﬂj+ﬂ(kz ﬂj+g =0 1)
OX ox ) oy oy ) oz oz
A g ARG AR, koo Kk, Sk Xy 5z RS ARL.

£ H RS BRI, AR USRS58 S 1005 St A SRR T O A k. s R A
BN/

q:(hc+hr)(Ts _Tw) (2)

A T, M E AR RIGRE, T, AR, h APSHRREL  h vide s 25
FE SR AN BOHE R BUE R Mertol [6]Frie 2 s il X & B 508
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Figure 4. Location of solder balls
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Table 1. Assembly part dimensions and material conductivities [4]
%= 1. AHRTSSHREH[4]
Hi RF(mm) pp #Ae T R E(WImK)
Yoy 74X 52X%0.74 i 109.0
5 FEMR G 0.6
E il 9.1 X 9.1 X 0.05 pe | 1.3
E2)iid 91X91x05 FEM 0.7
0.35 for FR-5
FR 25X 25 %X 1.0 4 iR, FE#: FR-5 393 for 4
0.2 for fid 2
BER B4 0.77 15 0.45 40/60 Pb/Sn
36
(ieh>:3 B4 0.127 = 0.0762 90/10 Pb/Sn
0.35 for FR-4
1l B B8 AR 100 X 100 X 1.52 4 iR, E#: FR-4 393 for 4
0.2 for fid 2
IR 117X 11.7 X 2.0 ] 226
TEH &K
h, =3.786\V /L ©)
TEHRHAMR R
h, =4.37V/L 4)
SRRV () 5 L(m) 5509 IR 5 R K
T8 H AR AT T #OHi R E0U2 K H Ellison [7]AT 2 HAAXTRAT IR R N
h, = f [ATHJ )
Lch
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Figure 5. Finite element mesh used in simulations for Type 3
assembly
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Figure 6. Temperature contours for the basic FC-PBGA assembly in natural convection environment
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Figure 7. Temperature contours for the type 2 assembly in natural convection environment
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Figure 8. Temperature contours for the type 3 assembly in natural convection environment
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Figure 9. Temperature distribution for the heat spreader in natural convection environment
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Figure 10. Effect of airflow speed on the highest assembly
temperature and thermal resistance of the three different types
of FC-PBGA assembly
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Figure 11. Effect of Heater spreader thermal conductivity on
the highest assembly temperature and thermal resistance
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Figure 12. Effect of Heater spreader thickness on the highest
assembly temperature and thermal resistance
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Figure 13. Effect of Heater spreader width on the highest assembly
temperature and thermal resistance
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Figure 14. Effect of molding compound thermal conductivity
on the highest assembly temperature and thermal resistance
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Figure 15. Effect of molding compound gap on the highest assembly
temperature and thermal resistance
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Figure 16. Effect of molding compound width on the highest assembly
temperature and thermal resistance
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Figure 17. Effect of glue thermal conductivity on the highest assembly
temperature and thermal resistance
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Figure 18. Effect of glue thickness on the highest assembly
temperature and thermal resistance
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