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Flexible Circuit Board Package Embedded with Multi-stack Dies
N. Ueta, S. Sato, K. Munakata, M. Sato, Y. Nakao, K. Itoi, S. Onai, and M. Inaba
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Miniaturization of electronics modules is always required for various medical applications such as wearable and
implantable devices. Embedded die technology is one of the promising technologies to realize miniaturization and high-
density packaging. We have developed WABE (Wafer And Board level device Embedded) technology for embedding dies
into multilayer flexible printed circuit (FPC) boards. This WABE technology has enabled multiple dies to be embedded by
the one-step lamination process and the footprint of a package can be reduced drastically by embedding multiple dies
vertically in stacks. This paper describes the details of the results of fabricating a test vehicle with six embedded dies
(three-dies in two stacks side-by-side).
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Surface mounted: 2 dies Surface mounted: 1 die

Embedded: 2 dies (side-by-side) Embedded: 3 dies in stack
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Fig. 2. Reduction in footprint of multi-stack die WABE

Surface mounted: 4 dies

package.
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Alignment and stacking IC
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Fig. 3. Fabrication process flow diagram of WABE
package embedded with one die.
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Fig. 5. Fabrication process flow diagram of double-sided
FPC.
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Fig. 4. Fabrication process flow diagram of single-sided
FPC.
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Fig. 6. Fabrication process flow diagram of intermediate

layer.
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Alignment and stacking
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Fig. 7. Fabrication process flow diagram of multi-stack
WABE package.
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Fig. 8. Test vehicle of multi-stack die WABE package

with six dies.
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Table 1. Specifications of the test vehicle.
Item Spec
Wiring layer number 14

Module size
Embedded chip size

99 X 6.6 mm, 850 umt
32 X 32 mm, 85 umt
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Path A: Daisy chain and pass through each die

Path B: Through top to bottom but not through dies
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Fig. 9. Electrical paths of multi-stack die WABE package.
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Table 2. Conditions and results of reliability tests.

. .. n n
Test item Condition Path A Path B Result
o 260 C reflow 3 times, after 30 T ,
Preconditioning: MSL3 60 %RH. 192 hours 192 192 Pass
. 150 ° C,
High temperature storage test 1000 hours 64 64 Pass
-40° C<+125° C,
Thermal cycle test 1 hour/cycle, 64 64 Pass
500 cycles
- S 5
Highly accelgrgted temperature [130 ° C, 85 %RH, 64 64 Pass
and humidity stress test 336 hours
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