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Abstract

Fan-Out Wafer Level Packaging (FOWLP)
has been established as one of the most versatile
packaging technologies in the recent past and
already accounts for a market value of over 1
billion USD due to its unique advantages. The
technology combines high performance,
increased functionality with a high potential for
heterogeneous integration and reduced overall
form factor as well as cost effectiveness. The
increasing complexities in achieving a higher
degree of performance, bandwidth and better
power efficiency in various markets are pushing
the boundaries of emerging packaging
technologies to smaller form factor packaging
designs with finer line/width spacing as well as
improved thermal/electrical performance and the
integration of System-in-Package (SiP) or 3D
capabilities.

SiP technology has been evolving through
utilization of various package technology
building blocks to serve the market needs with
respect to miniaturization, higher integration,
and smaller form factor as cited above, with the
added benefits of lower cost and faster time to
market as compared to silicon (Si) level
integration, which is commonly called system-
on-chip or SoC. As such, SiP incorporates flip
chip (FC), wire bond (WB), and fan-out wafer-
level packaging (FOWLP) as its technology
building blocks and serves various end
applications ranging from radio frequency (RF),
power amplifiers (PA), Micro-Electro-
Mechanical-Systems (MEMS) and Sensors, and
connectivity, to more advanced application
processors (AP), and other logiotdAsli€es such as
technology, integration of various functional
blocks such as wire bonding, Package-on-
Package (PoP), 2.5D, 3D, smaller form factor,
embedded passives, multiple redistribution layer 000263
routing and z-height reduction. Test vehicles
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volume manufacturing (HVM) solution. The
smaller body sizes (5Smm/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 (example application
specific integrated circuit and MEMS/Sensing
silicon), advanced eWLB/FOWLP stack up
solutions can enable a very small pitch LGA and
ball grid array ( BGA) eWLB PoP footprint at a
competitive cost vs. the incumbent wire bond
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 lead frame wafer processing, singulated
and assembled by pick and place tooling and
reflow on the application specific integrated
circuit (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 thus removing the
typical laminate or leadframe for routing.
Consequently, 3D eWLB SiP offers a much
smaller footprint, simplified bill of material and
is assembled with a cost competitive panel level
manufacturing process [7,10].

Integrated Passives in eWLB-SiP

In mobile applications for GSM/WCDMA
/EDGE technologies, many functional blocks
such as Power Amplifier (PA), Baluns,
transceiver, filters, etc., play a key role in the
performance of the module. Even though a PA
made from gallium arsenide (GaAs) is widely
used due to its good electrical and thermal
properties, they are quite expensive. In an RF
circuit, a power amplifier has an impedance
matching circuit consisting of capacitors and
inductors which consume a significant portion of
the die size and can be potentially be replaced by
an IPD and successfully used for RF
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modules/SiP in PA impedance matching and
coupling circuits [8].
For this PA module, a multi-chip eWLB has

been developed with a PA and IPD integrated
side-by-side.

Figure 6. Side view of PA and IPD in SIP

Bump for eWLB Package
Inductors in RDL Layers

Mold Material

\ IPD Chip for Capacitors

CMOS PA Chip

RDL Passivation Layers

Figure 7. lllustration of a PA die and silicon
IPD die embedded in mold substrate

Figure 6 and 7 illustrates an eWLB package,
which includes a PA chip and an IPD chip. The
IPD die mainly serves as an impedance
matching network for the PA.

In this multi-die eWLB package the
connection from the RDL to the PA chip is made
through the via connecting the RDL layer and
the top metal layer in the PA chip. The
connection between the RDL and the IPD chip is
made through via connecting the RDL layer and
the top thick metal layer in the IPD. There are
three different substrates in this package; a
complementary metal-oxide-semiconductor
(CMOS) substrate, IPD substrate and mold
compound substrate are shown in Figure 8. The
passivation redistribution layers are fabricated
through a standard thin film process, plating in
wafer fabrication process, thus forming a multi-
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die eWLB package after standard backend
processes.

2/2um Line Width and Spacing (LW/LS) with
3-Layer RDL [2]

High 1/0 with fine pitch area array continues
to be one of the greatest challenges in wafer
level packaging. Redistribution layer (RDL)
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 2/2um for eWLB applications support
the bump pitch of less than 40um. Finer line
width and spacing are critical for multi die
design and routing flexibility.

Figure 8. SEM of 2/2um LW/LS RDL with
coarser RDL LW/LS

Figure 8 shows 2/2um (LWI/LS) alongside
coarser LW/LS in eWLB/FOWLP. Scanning
Electron Microscope (SEM) images show
uniform and well defined micro structure.
Copper (Cu) RDL thickness and critical
dimensions (CD) are also well controlled with
verified process robustness using current HVM
equipment and process flow [7].

I11. Reliability Performance

Electrical Performance of 3D eWLB PoP/SiP
vs. fcPoP

The RLC parasitic values for e WLB-PoP/SiP
and fcPoP were extracted by computer
simulation using commercial 2D
electromagnetic field solver. The S-parameter of
each package was extracted by using ANSOFT
HFSS. Simulated results are compared with
RLC parasitic values and S parameters The
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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 evaluated, such as clock, VDD as
well as Data pins [7].

Table 1. Electrical Parasitic Values of RL of
eWLB-PoP/SiP vs. fcPoP @ 1GHz

For signal integrity study with specific data
pins, eWLB showed more than 10dB better
cross-talk than flip chip due to its thinner
CuRDL and overall shorter interconnection
length as shown in Figure 9. In addition, smooth
CuRDL surface of wafer fab process contributed
significantly with less conductance loss.
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Figure 9. The cross-talk with frequency of
signal routing of (a) flip chip (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 printed circuit
board (PCB). For PoP assembly, a 0.4mm body
thickness Fine Pitch Ball Grid Array (FBGA)
top package was assembled separately with
standard wirebonding process and finally pre-
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stacked on eWLB-PoP bottom package. The
total eWLB-PoP stacked package height was
less than 0.8mm in height after surface mount
technology (SMT) manufacturing on the PCB.
Those samples were tested in JEDEC
Temperature Cycling on Board (TCoB) and drop
test reliability conditions.

Table 2. Board Level Reliability Test Results
of 3D eWLB PoP/SiP

Table 2 shows 3D eWLB-PoP board level
reliability of JEDEC TCoB and drop test results
of test vehicle 1 and 2 (Table 1 and Figure 10).
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 [7].

1. Conclusions

eWLB technology is addressing a wide
range of packaging concerns, from packaging
cost to test. In parallel, there are physical
constraints such as its foot print and height.
Other parameters that were considered during
the development phase included I/O density, a
particular challenge for small ships with a high
pin count as need to accommodate SiP
approaches, thermal issues related to power
consumption and the device’s electrical
performance (including electrical parasitic and
operating frequency).

Advanced low profile and integrated 3D
eWLB-PoP/SiP was developed using eWLB
(FOWLP Technology. 3D reliability conditions
board level reliability tests of pre-stacked PoP
were ran through JEDEC standard conditions

000268

and showed robust reliability in TCoB and drop
tests. electrical characterizations were also
performed with functional devices and signal
integrity simulation and showed enhanced
performance of 3D eWLB-PoP compared to
conventional flip chip Package-on-package
(fcPoP) devices. Integrated Passives with PA
modules in eWLB-SiP show impedence
improvement and passed Board Level Reliability
(BLR) requirements.

Advanced eWLB SiP technology provides a
smaller form factor and increased performance
value, proving to be a new SiP packaging
platform than can expand its application range to
various types of emerging mobile, Internet of
Things, Wearable Electronic applications,
MEMS/Sensors or Automotive applications [9].
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