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(Flip Chip Assembly on PCB Substrates with Coined Solder Bumps)
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Abstract

Solder flip chip bumping and subsequent coining processes on PCB were investigated to
solve the warpage problem of organic substrates for high pin count flip chip assembly by
providing good co-planarity. Coining of solder bumps on PCB has been successfully
demonstrated using a modified tension/compression tester with height, coining rate and coining
temperature variables. It was observed that applied loads as a function of coined height
showed three stages as coining deformation ; (1) elastic deformation at early stage, (2) linear
increase of applied load, and (3) rapid increase of applied load.

In order to reduce applied loads for coining solder bumps on PCB, effects of coining process
parameters were investigated. Coining loads for solder bump deformation strongly depended on
coining rates and coining temperatures. As coining rates decreased and process temperature
increased, coining loads decreased. Among the effect of two factors on coining loads, it was
found that process temperature had more significant effect to reduce applied coining loads
during the coining process. Lower coining loads were needed to prevent substrate damages
such as micro-via failure and build-up dielectric layer thickness change during applying loads.

For flip chip assembly, 97Pb/Sn flip chip bumped devices were successfully assembled on
organic substrates with 37Pb/Sn coined flip chip bumps.
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2. Experimental

2-1. PCB substrate with coined solder bumps
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2-3. Flip Chip assembly
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3. Results and Discussion

3-1. Load change as coining height

059 28 49 A2oM OFE L s Fold L S8t §AHA 37Ph/Sn &0 WX
e SEM A13& Jehiigith. £ dFolA AMEE Foly FulE ojgatd Y molztx 29
MILE 3od st R0l 7h5din, o] W ZldAE VL ¢ 4 AU 29 54 =olyd Zo|s} 7}
d2e ¥ FAE 2HEZ2 el TP Rol: uig} go] mely HE kold me
Zold Al ZhAE Yo W xv)dE MEHo2 Zsets)l )| Eo] o)Fol= FAEA
Ftste 2E B F o AAFHA 2= Py 4 2RoT FEY & A=, R A" 7
4Rl 0-5 m 7AAE 27] W89 B4 7902 54 XL 4 gon = wx T4A 5 m =o
9 olFe &d AR FE(yield)o] Az 24 Mol BAA Ho £ QR 7+ A
37 ARHE Fhoz B 4 gt oxe 4 9 A TRAME £ A A FHAA e b2 do
Z o 2L FolE ;o std Bl e ¥o] WasA Hed, ol €9 ¥Il o= Ax
°o]’¢ ol WaF WHo] YojuAl HA 1Y 4 (DA E—"]E‘ uke} o] @ Wgogo WYL A
Z3tA Aoyl HEeI F 4 W A TN oA F2eA e F747 doju= g
JAeg2 FZAHE &6 HE FY REo Mo @AY 7J§} 314 2ol 9 Ygo=a Hys 9
¥ shear stress AFE Y HEo) Fe Folg oy & o uyg = ol oA He
Aolzgtn Vet AHHoR T W A TN ol wato el WIRC7 A W " F7H

_22_



AAE ot was @ wgozel Y HH wiHoN 4% $HEY IS YL e BAHY
Z7t2 Q& ;olgd Al 8 ol FrAEA HE Folgd A4AN.

3-2. Effect of coining rates and coining temperatures on coining loads
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3-2. Flip Chip Assembly
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4. Conclusions
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Fig. 1. lllustration of coined solder bumps Fig. 3. Solder bump coining machine.
on PCBs.

Fig. 2. Coined solder bumping on PCBs. (a) Micro-via PCB, (b) Solder paste screen
printing, (c} Solder paste deposition on metal pads, (d) Solder reflow, {e) Coining, and
(f) Coined solder bumps
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Applied coining load (gf)

Fig. 4. SEM images of coined eutectic PbSn solder bumps at various coined heights.
(a) Initial state, (b) 12.7 um coining - 48.7 gf, (c¢) 37.4 im coining - 1455 gf,
and (d) 57.2 um coining - 463.1 gf.
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Fig. 5. Applied coining loads of eutectic Fig. 6. Coining loads versus coining rates
PbSn solder bumps as a function of at various process temperatures in eutectic
coined heights. PbSn solder
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Fig. 7. (a) Photograph and (b) X-ray image
of assembled package
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(b) (c)

Fig. 8. Cross—-sectional images of assembled package. (a) SEM image,
(b) optical image, and (c) SEM line scan image of area A in (b).
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