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Abstract






Embedded Solder On Pad (eSOP) PoP, and Laser-Via PoP
that have proliferated to meet the increasing market demand
[4].

3D eWLB-PoP offers significant advantages in thin
profiles and lower cost compared to current PoP
technologies, particularly for mobile or tablet applications.
3D eWLB-PoP bottom has a 300um package height enabling
a total stacked PoP height to be less than 0.8 mm after top
memory package stacking (body thickness of 0.40mm).
Table 1 shows value proposition of 3D eWLB-PoP
technology [5].

Electrical Performance of 3D eWLB-PoP and fcPoP

The RLC parasitic values for eWLB-PoP and fcPoP
were extracted by computer simulation using commercial 2D
electromagnetic field solver. The S-parameter of each
packages were extracted by using ANSOFT HFSS.
Simulated results are compared with RLC parasitic values
and S parameters. The simulation modeling design was
carried out with functional devices to investigate package
level performance in real applications. In 3D simulation
works, a few critical pins were selected and studied, such as
clock, VDD as well Data pins.

Table 2. Electrical parasitic values of RL of eWLB-PoP
and fcPoP @ 1GHz. :

Resistance, R (mQ)
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For signal integrity study with specific data pins, eWLB
showed more than 10dB better cross-talk than flipchip due to
its thinner Cu RDL and overall shorter interconnection
length as shown Figure 3. Also smooth Cu RDL surface of
wafer fab process contributed significantly with less
conductance loss.
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Figure 3. The cross-talk with frequency of signal routing of (a)
flipchip and (b) eWLB.

Board Level Reliability of 3D eWLB-PoP/SiP

For board level reliability tests, eWLB-PoP (stacked with
top package) was pre-stacked with top memory and mounted
on the PCB. For PoP assembly, 0.4mm body thickness

FBGA top packages were assembled separately with
standard wirebonding process and finally pre-stacked on
eWLB-PoP bottom package. Total eWLB-PoP stacked
package height was less than 0.8mm in height after SMT on
PCB. Those samples were tested in JEDEC TCoB and drop
reliability test conditions.

Table 4 shows 3D eWLB-PoP board level reliability of
JEDEC TCoB and drop test results of test vehicle 1 and 2
(Table 2 and Figure 3). The first TCoB failure was after
1000 cycles. Drop reliability performance was robust and
showed no failure after 300 drops. These test results show
the robustness of board level reliability of 3D eWLB-PoP.

Table 3. Board Level Reliability Test Results
of 3D eWLB-PoP/SiP

Tests Conditions Status
TCoB JEDEC JESD22-A103 Pass
- e AT Fm ”r I
U2 IESD22-AL0 = SEIRI .

2/2um Line Width and Spacing with 3-L. RDL [6]

One of the greatest challenges facing wafer level
packaging at present is the availability of routing and
interconnecting high 1/O fine pitch area array. RDL
(redistribution layer) allows signal and supply 1/O’s to be
redistributed to a footprint larger than the chip footprint in
eWLB. Required line widths and spacing of 2/2 m for
eWLB applications support the bump pitch of less than
40um. Finer line width and spacing are critical for further
design flexibility as well as electrical performance
improvement. For die-to-die interconnects of high 1/0 or
multi channels, finer line is critical for multi-die design and
routing flexibility.

Figure 4 show 2/2um LW/LS RDL in eWLB/FO-WLP.
Micrographs show uniform and well defined micro structure.
Cu RDL thickness and CD are also well controlled. Even
with mixed design of finer and coarse LW/LS. With this
process development, it is verified of robust process of fine
RDL fabrication using current HVM equipments and process
flow.

Figure 4. SEM micrographs of 2/2um LW/LS RDL.

3D eWLB SiP / Module

eWLB/FO-WLP in a 3D configuration has received
considerable customer interest for memory and advanced
application processors by virtue of the higher routing density
and form factor reduction. The requirement for SiP



integration is also a growing trend for advanced application
processors, MEMS and sensors in I0T/WE as way to cost-
effectively achieve advanced silicon die partitioning for
increased performance and integration in a reduced form
factor[6].

Figure 5 shows 3D eWLB SiP/module which that has a
number of discretes in the top package and is pre-stacked on
the bottom eWLB-PoP to form a 3D SiP/ module with a thin
package profile of total height of 1.0mm. 12 discretes of
inductor and capacitors MLCC were removed from the
motherboard and relocated in the top package for a reduction
in the space required on the mother board. These discretes
are also more power effective when they are close to the
device, which significantly improves the overall electrical
performance as well as provides a power saving advantage.

Functional test sample was prepared with power
management integrated circuit (PMIC) as shown in Figures
5. It was a 6x6mm package size with a 4x4mm Si die and
12 discretes on top. This 3D eWLB SiP demonstrated more
attractive power efficiency performance compared to other
embedded package technology and it is representative of a
significantly smaller packaging solution.

Figure 5. Photographs of 3D SiP eWLB-PoP with discretes on
interposer or top package of discretes.

MEMS/Sensor eWLB

eWLB/FO-WLP in a 3D configuration has received
considerable customer interest for memory and advanced
application processors by virtue of the higher routing density
and form factor reduction. The requirement for SiP
integration is also a growing trend for advanced application
processors, RF module, MEMS and sensors in 10T/WE as
way to cost-effectively achieve advanced silicon die
partitioning for increased performance and integration in a
reduced form factor[7].

Figure 6 shows eWLB sensor which has miniaturized
from original side-by-side LGA package. It has 3D vertical
interconnection and multi-die stacking. It provides over 20%
footprint reduction and less than 1mm thickness with lower
cost HVM solution. The smaller body sizes (5mm/side or
less) are typically a good fit for sensor devices such as health
monitoring and environmental sensors. Since sensor devices
typically require at least a two chip solution (ASIC and
MEMS/sensing silicon), advanced eWLB/FO-WLP stack-up

solutions can enable a very small pitch land-grid array
(LGA) and ball-grid array (BGA) eWLB-PoP footprint at a
competitive cost vs. the incumbent wirebond solutions. The
package architecture enables routing on both sides of the
package by embedding a direct via across the top to pad side
of the package. The top MEMS device is bumped through
standard leadfree wafer processing, singulated and
assembled by pick-and-place and reflow on the ASIC in the
eWLB bottom package. This assembly will eliminate the
need for die attach material, assembly wires, protective glob-
top and also the typical metal cap or molded package with
access cavity, removing the typical laminate or leadframe for
routing. Therefore, 3D eWLB SiP offers a much smaller
footprint, simplified bill of material (BOM), assembled with
a cost competitive panel level manufacturing process [8].

Figure 6. 3D eWLB for MEMS/Sensor Devices[8].

III. Conclusions

Wafer level technology effectively accommodates new
foundry technology nodes and provides a strong packaging
platform to address performance, form factor, integration
and cost requirements. In addition to providing higher
bandwidth, ultra high density, embedded capabilities, and
improved thermal dissipation in a small, thin package
format, advanced wafer level packaging is an alternative for
flip-chip and leaded packages and is becoming choice in the
evolving market. eWLB/FO-WLP technology also provides
the ability to tightly manage the co-design process and
achieve silicon design optimization, which is significantly
critical in ultra cost-sensitive markets.

Advanced low profile and integrated 3D eWLB-PoP/SiP
was developed using eWLB (FO-WLP) technology. 3D
eWLB/SiP passed JEDEC standard component level
reliability conditions. Board level reliability tests of pre-
stacked PoP were carried out in JEDEC standard condition
and showed robust reliability in TCoB and drop tests both.
The electrical characterizations were also carried out with
functional devices and signal integrity simulation, and
showed the enhanced performance of 3D eWLB-PoP
compared to conventional fcPoP.

Advanced 3D eWLB technology provides more smaller
form-factor, performance value add and is proving to be a
new 3D SiP packaging platform that can expand its
application range to various types of emerging mobile, 10T
and WE applications including sensorssMEMS or
automotive applications.



References

[1] M. Brunnbauer, et al., “Emberdded Wafer Level Ball
Grid Array (eWLB),” Proceedings of 8th Electronic
Packaging Technology Conference, 10-12 Dec 2009,
Singapore (2006)

[2] Seung Wook YOON, Meenakshi
PADMANATHAN, Andreas BAHR, Xavier BARATON
and Flynn CARSON, “3D eWLB (embedded wafer level
BGA) Technology: Next Generation 3D Packaging
solutions,” San Francisco, Proceedings of IWLPC 2009
(2009).

[3] Meenakshi Prashant, Seung Wook Yoon, Yaojian
Lin, and Pandi C.Marimuthu, “Cost effective 300mm large
scale eWLB (embedded wafer level BGA) Technology,”
Proceedings of 13th EPTC 2011, Singapore, Dec (2011).

[4] Hamid Eslampour. SeongMin Lee. SeongWon Park.
TaeKeun Lee, InSang Yoon, VoungChul Kim, "Comparison
of Advanced PoP Package Configurations. Proce",
Proceedings of ECTC 2010, Rino, US (2010).

[5] Yaojian Lin, Chen Kang, Linda Chua, Won Kyung
Choi and Seung Wook Yoon, “Advanced 3D eWLB-PoP
(embedded Wafer Level Ball Grid Array - Package on
Package) Technology”, Proceedings of ECTC 2016, Las
Vegas, US (2016).

[6] W.K. Choi, D.J. Na, K.O. Aung, Andy Yong, Jaesik
Lee, Urmi Ray, Riko Radojcic, Bernard Adams and Seung
Wook Yoon,”Ultra Fine Pitch RDL Development in Multi-
layer eWLB (embedded Wafer Level BGA) Packages”,
Proceedings of iMAPS 2015, Orlando, US (2015).

[7] Seung Wook Yoon, Boris Petrov, Kai Liu,
“Advanced wafer-level technology: enabling innovations in
mobile, 10T and wearable electronics” , Chip Scale Review,
May/June 2015, pp54-57(2015).

[8] Babak Jamshidi, “Fan-Out Wafer Level Packaging
enables MEMS and Sensors to meet Future IloT
Requirements”, MEPTEC Report Summer 2016, p23-24,
meptec.org (2016).



