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mmns
110 41
Ball Array 6X7
Bump Comp SnAgCu (3.0/0.5)
Die Size 2.67 x 3.32mm
: : : : : : : Bump Dia 0.25 +/- 0.045
p o Al g0 Bump Pitch 0.450
: : : : : : : Bump Ht 0.207+/- 0.025
Se2o L Pkg Height 0.563
1 [ oevices

— | — — —  —  —

‘Material FR-4

-No. of layers 8
-Thickness 0.8mm
-PCB land finish OSP
-Land Opening Design Solder Mask Defined
-Board Size 100mm x 150mm
-No of DUT 18-Top/Bottom Side
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Experimental Matrix
Leg Bump Process / RDL /Polymer P%L;t U?ﬁller Ul\ll':i)tgf/
1 | Redistributed by Bump Fab — Cu 70um PI Yes NO 64
2 | Redistributed by Bump Fab —Cu 70um PI Yes Mat A 64
3 | Redistributed by Bump Fab — Cu 20um PI Yes Mat A 64
4 | Redistributed by Wafer Fab — Al 70um SiO2 Yes NO 64
5 | Redistributed by Wafer Fab — Al 70um SiO2 Yes Mat A 64
6 | Redistributed by Wafer Fab — Al 70um SiO2 Yes Mat B 64
7 | Redistributed by Bump Fab- Al 70um 5;5 PI No NO 64
8 | Redistributed by Bump Fab- Al 70um 10;5 PI No Mat A 62
9 | Redistributed by Bump Fab- Al 70um 5;5 Pl No Mat A 62
10 | Redistributed by Bump Fab- Al 70um BCB No NO 64
11 | Redistributed by Bump Fab- Al 70um BCB No Mat A 64
13 DA oEvices
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Base Line Solder Joint- Cu Post

Cu | Under
Leg Bump Process /7 RDL /Polymer Post fill
1 Redistributed by Bump Fab — Cu 70um PI Yes NO
2 Redistributed by Bump Fab —Cu 70um PI Yes | MatA
3 Redistributed by Bump Fab — Cu 20um PI Yes | MatA

4 Redistributed by Wafer Fab — Al 70um SiO2 Yes NO

5 Redistributed by Wafer Fab — Al 70um SiO2 Yes | MatA

6 Redistributed by Wafer Fab — Al 70um SiO2 Yes | MatB
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Cu | Under
Leg Bump Process /7 RDL /Polymer Post fill

7 Redistributed by Bump Fab- Al 70um 5;5 PI No NO

8 Redistributed by Bump Fab- Al 70um 10;5 Pl | No Mat A

9 Redistributed by Bump Fab- Al 70um 5;5 PI No Mat A

10 | Redistributed by Bump Fab- Al 70um BCB No NO

11 | Redistributed by Bump Fab- Al 70um BCB No Mat A
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Weibull Summary - No derfill

‘RellaSofts Weibull++ 6.0 - www Weibullcom
Probability - Weibull - 6x7 Array 250um Bump- No UF

9.00

‘ ‘ [ MEcil- ([iEck- [QiEcy- [QUEGHo-
w0 | / = Cu70um | A-70um | AV 55PI | A/BCB
w'v
- LEc10 f Parameters | oo, | /cuost | NOPost | NO Post
| Post
50.00 1
LEG T } /" Lec1 |Slope, B 4.8977 | 4.3572 | 2.040 | 2.7997
I8 C_haracterlstlc 786 599 609 416
yi Life,
= 10.00 v
= r 7 LEG 4 First Failure 426 279 63 101
= A
= No of Failures | 52/64 | 54/64 | 57/64 | 58/64
Cycles 1200 | 1200 | 1077 | 1077
Lo v/ e Completed
i EE|

0.50

<+ Without UF, Cu post improves the characteristic life by X1.4
¢ Cu RDL is 1.3x the Al-RDL

0w | ¢ Plpolymeris 1.45x than BCB

100.00 1000.00 1000000
Time, (1)
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LEG1-Cu LEG 10-

70um PI /Cu Al/BCB NO
Post Post

LEG 7 which uses Pl dielectrics showed
different failure mode, i.e. cracks appear on
the substrate side
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Weibull Summary - WITH Underfill

e e mmWITH & WITHOUT Cu Post - UNDERFILL |
9900 TTTTT LEG2- |LEG5- |[LEGS-Al [LEG9 LEG 11-
Cu70um | Al-70um | 10:5PI Al 5:5P1 | AlIBCB
000 L1 f/5/| Parameters | 5e ™ |icupost [NOPost |NOPost | NOPost
LEGO | LEG2 f| | s
1 H | Slope, B 39914 | 6.8229 | 2.0493 | 15657 | 2.3172
| 5 3 [craactensic | o pome | mer | g | 1600
LEG11 | ff Life,
il =
~10.00 5 ek . .
< A foe First Failure 723 1220 201 130 201
5 5.00 =
E P 4 BNp e No of Failures | 54/64 | 58/64 | 45/62 | 45/62 | 55/64
. U Cycles 2702 | 2702 | 1900 | 1900 | 1900
1.00 Completed
oso{— = Underfill increases the characteristic life by 3x of the No UF.
Z Cu post is 1.5x the characteristic life of without Cu post.
No significant difference between Cu RDL and AI-RDL
o 100.00 10‘0000 100‘00.00
Time, (t)
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LEG 2—-Cu|LEG 5 -
70um PI Al-70um
/Cu Post | /Cu Post

LEG 8-
Al/ 10:5 PI
NO Post

LEG 11-
Al/BCB
NO Post

All 5:5 Pl
NO Post

With Underfill, failures have shifted to solder —
substrate interface.
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Comparison of Underfill

ReliaSolt's Weibul+ 6.0 - www Weibull.com

Underfill Material A and B
99.00

'1.( g Material A
S F 1]
o Material Material A | Material B
B Parameters (Leg 5) (Leg 6)
o £ Slope, B 6.8229 2.3737
g ¥a £ Characteristic Life, n 2096 1378
g ; A First Failure 1220 250
5 [
No of Failures 58/64 50/64
0 = Cycles Completed 2702 1933
ot * |

Underfill material had significant effect on SJR

Material A is 1.5x the characteristic life of Material B.
o0 [ [ T T I |

100.00 1000.00 10000.00
Time, (1
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Comparison of Cu Width

RellaSoft's Weibull++ 6.0 - www.Welbullcom

Cu RDL 70um vs 20um
99.00

90.00 ‘
50.00 ‘70um i 70um 20um
i EJT*’ (Leg 2) (Leg 3)
20um Slope, B 3.9914 4.4562
£ 1000 L gﬁf Characteristic Life, n 2317 1937 I
£ 0 = First Failure 723 697
g ] / || No of Failures 54/64 56/62
/ — 1| Cycles Completed 2702 2371
1.00
0.50 K
| < Cu width: 70um has 1.2x the characteristic life
L of 20um
L VT T
100.00 1000.00 10000.00
Time, (t)
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Failures —-UF Material B /Cu 20um

6—Al-70um
/Cu Post
UF Material B

LEG 3-
Cu 20um PI1/
Cu Post

Early

Later
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Conclusions

Copper Post Structures improved the WLCSP
characteristic life by at least 1.4 times.

Underfill significantly increases the solder joint
life by >3x.
Ideally, the underfill material will force the failure site
from die side to substrate side.
Passivation polymers can influence the solder
joint reliability of WLCSP

Can also shift the location of the failure from die to
substrate side even without underfill.
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Recommendation

+Copper post technology is a good option for
WLCSP applications
e greater level of solder joint reliability
e good solder electro-migration resistance
e higher current densities.
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