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Two - Chip - Stack WABE Package

S. Sato, K. Munakata, M. Sato, A. Itabashi, and M. Inaba
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Continued efforts have been made to reduce the size of electronic devices while simultaneously increasing their
functionality, especially in the growing industries including those of wearable computers and medical/healthcare
devices. To meet the needs in these areas, we have developed a die embedded package, called WABE (Wafer and
Board Level Embedded) Package, which is thin and embedded with one IC chip, by combining a multilayer FPC
technology and a thin WLP technology. This package is fabricated by a single step co-laminating process using
conductive-paste-filled vias for establishing z-axis interlayer electrical connections. In addition, we have devel-
oped a chip-stack embedded package that has two IC chips embedded vertically in a circuit board and put it into
use for the first time in the world to meet the demand for package size reduction. This new chip-stack embedded
package can be fabricated by almost the same process as a single IC embedded package. We evaluated the reli-
ability of the package (4.35 by 3.00 with 0.40 mm thickness) with seven wiring layers and two EEPROMs embed-
ded in a stacked configuration. We conducted MSL 3 (Moisture Sensitivity Level 3) testing as pre-conditioning. Af-
ter MSL 3 testing, they were put through a temperature cycle test, a temperature humidity bias test and a high
temperature storage test. All the modules underwent tests on diode characteristics and functionality and passed
all of them. We believe this chip-stack embedding technology is promising to downsize the footprint especially for
a package with high functionality and a complex structure.
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Fig. 1. Cross sectional view of standard WABE package.
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Fig. 4-1. Fabrication process flow of Fig. 4-2. Fabrication process flow of Fig. 4-3. Fabrication process flow of
single sided FPC. double sided FPC. intermediate layer.
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Fig. 4-4. Fabrication process flow of Fig. 4-5. Fabrication process flow of

WABE embedded with one-chip. two-chip-stack WABE.
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Fig. 4. Fabrication process flow of one-chip WABE, two-chip-stack WABE and FPC layers for WABE.

39



2017 Vol. 1 7 v

- REE

2 Fv 7 A%y 7 WABETIX, Hiid 2 il FPC®
I EIERFPCEHET LLEND S. 4-3
VRS & 9IS, B IR 2 R R il 7 4 v A
WA PN SN EE2E T4 5121 —
F—IMTIZE VB ENZ AN —F— VITEEER— R
FEFTATA. ZOXHIHERL-PHEEZ, FED
L <13t FPC OB EHikE & LTHWw 5.

4. ICAB7Ot&X (—EEEOEX)

X 4-5 12, 2 Fv 7 A% v 2 WABE O EA&LERE
EF¥Fa77utAzRy. WABEIWCHH 5 WEICIE
FPCL DT ¥y FOBEER L L72OICWLPIN L2147 -
ot BEmEWELT S umETHLTS. BEIh
#FPCEICEMIE - MBS 52 & T, HAEMEEBER
— 2 POBEREFEFICT). Tok X, BEME-EK
tL, BERCICHLDOBBIZTETASINI-DH ML
5. FEEMEN—Z MIZEINDLEEEITIZFPCRIC
DNy FEEERZBETSH. O WABEERIZ Y 72
Tut A E, bbb —HEREHEA SO X LI
ATVES., BEOLZBEMTHWSNLELV T v TS
Ot ALY, KEOMEE AT L THERTETH S
Zl, HMBOBIIHREIIAGKLZEOAZRYTE S %
E, V=R A LARIANOMTENRLTVS.

—FERBHOA TR, YL —L I X ML 2EHR
HEE PEEREA Y FICE AWM IRELIZE T
TWABE»5%EKT 5.

5. BRHHLTHE

2 Fv 7 A%y WABEDH Rl & LT, 2 MED
FMEAER L TN NG 2 47 o 72, R PURFI 12
FuT-ET -RHHTTA TV —F = — B 72 HAK

F1  PIEIRPLEHM B D ARy &
Table 1. Specification of evaluation board for
via resistance test.

Item

Spec

Wiring layer

9 layers

Module size

4.0x40 mm, 450 umt

Embedding die size

3X3 mm, 85 umt

Minimum line/space

40 um /40 um
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Table 3. Initial electrical resistance.

Average

Conductive path |Number of via . 30 (Q) | n
resistance (Q)
A : Upper die 70 1.30 0.11 48
B : Lower die 114 3.36 0.22 48
¢ Lower die and 28 041 002 |48
intermediate via
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Table 4. Test conditions and results of electrical
resistance evaluation.

Test item Condition n | Result
. . . -40 C <125 C,
Table 2. Specification of e\{aluatlon board for Thermal cycle test 1 hour/cycles, 1000 cycles 8 | Pass
EEPROM function test. High temperature 85 C, 85 %RH,
.y 8 | Pass
Item Spec humidity test 1000 hours
Wiring layer 7 layers Unbiased highly 130 C, 8 %RH, 3 | Pass
Module size 44%x30 mm, 400 umt accelerated stress test 336 hours
Embedding die size 3520 mm, 8 umt L 260 C reflow 3 times,
Minimum line/space 50 um /50 um Preconditioning: MSL 3 after 30 C, 60 %RH, 192 hours 2 B
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Table 5. Component level test conditoins and results.

Test item Condition n | Result
-40 C <=8 C,
Thermal cycle test 1 20 minutes/cycles, 1000 cycles 45| Pass
-40 C <125 C,
Thermal cycle test 2 1 hour/cycles, 500 cycles 45| Pass
High temperature 8 T, 85 %RH, 5l p
humidity test 500 hours ass
High temperature 150 C, 45| Pass
storage test 1000 hours
Unbiased highly 130 C, 85 %RH,
45| Pass
accelerated stress test |336 hours
e 260 C reflow 3 times,
Preconditioning: MSL 3 after 30 C. 60 %RH. 192 hours 225
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Table 6. Board level test conditoins and results.
Test item Condition n | Result
-40 C <=8 C,
Temperature cycle test 3 cycles/hour, 1000 cycles 16 | Passed
Temperature humidity |85 C, 85 %RH, 2.60 Vpc,
. 12 | Passed
bias test 500 hours
High temperature 85 T, 260 Vy,
) 12 | Passed
operating test 500 hours
- 260 C reflow 3 times,after
Preconditioning: MSL 3 30 C. 60 %RH. 192 hours 40
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