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Abstract— With shrinking of chip sizes, Wafer Level Chip
Scale Packaging (WLCSP) becomes an attractive and holistic
packaging solutions with various advantages in comparison to
conventional packages, such as Ball Grid Array (BGA) with
flipchip or wirebonding. With the advancement of various
fan-out (FO) WLPs, it has been proven to be a more optimal,



Advanced Wafer-Level Technology: eWLB/FO-WLP for
mmWave & Automotive Radar Applications

With Si-based front-end technologies showing improved
performance, wireless systems at millimeter wave
(mmWave) frequencies become more and more important
[3-5]. Adaptive Cruise Control (ACC) radar system at 77
GHz [6, 7], point-to-point radio link at 60 GHz or high
few examples of applications observed for upcoming
markets. The impact of packaging on the overall electrical
performance of the IC becomes increasingly important with
frequencies increasing beyond 10 GHz. Thus, for the crucial
development of commercial mmWave applications, the
microwave integrated circuit (MMIC) is crucial.

A few approaches for mmWave packaging solutions have
been studied and reported based on Rogers 4350 substrate
(low-loss material) surface mount-type (SMT) package for
1-40 GHz applications [9] or 77 GHz ceramic SMT package
interconnects [10]. Since they use traditional conventional
laminate-based packaging and integration solutions, the
packages were expensive and big size.

A very promising solution for mmWave packaging is
embedded device technlogy with fan-out redistribution.
The thin-film redistribution layer (RDL) of the eWLB
enables very flexible and highly customizable package



mount device (SMD) packaging technology. The eWLB
package offers these properties and has been proven in a
few mmWave applications.

This study focused on 2nd level reliability of the solder
joint regarding temperature cycling as one of the major
requirements of automotive applications, which requires a
higher reliability spec of AEC (Automotive Electronics
Council)-Q100  Grade-1. Thus, investigation and
optimization of design factors, structure, process and
material properties are of interest for eWLB packages
develoopment.  Comprehensive systematic design and
structural parameter study and analysis were carried out to
investigate and understand the TCoB reliability
improvement of eWLB in harsh automotive conditions.

22 EXPERIMENTAL WORKS

Test Vehicle Specification

As mechanical test vehicle, eWLB package was
designed in a 9x9mm package size and 0.5mm ball pitch
and packaged with low temperature curable advanced
dielectric materials, showing robust package reliability [15].

For the study of the Design of Experiment (DOE),
several design factors such as PCB Cu landing pad
structure, SMD (solder mask defined) or NSMD (nonsolder
mask defined), solder mask opening diameter, Cu thickness
in RDL layer, with or without UBM and a new solder alloy
materials, were investigated. As per DOE, several different
eWLB test vehicles were prepared accordingly.

Table 1. Test Vehicle Specification (DOE1 Reference).

Items Specification
PEG size 9x9mm
Die Size 6x6mm
Ball Pitch 0.5mm
Ball Dia 0.3mm

I0 No. 230

UBM No

Cu RDL No. 1 layer
Die Thickness 440um
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Figure 2. PKG drawing and micrograph of test vehicle of
9x9mm, 0.5mm pitch eWLB.
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Figure 3. (a) stackup drawing of eWLB and (b) micrograph of
cross-section of test vehicle as shown Table 1.

Component Level Reliability

For component level reliability tests, eWLB test vehicles
were assembled and prepared. Table 2 shows the package
level reliability test conditions in this study.

All tested eWLB test vehicles passed JEDEC standard
package level reliability tests of AEC-Q100 Grade-1
successfully[16]. eWLB also passed JEDEC TC B (-
55/125°C) and TC_C (-65/150°C) conditions of temperature
cycling test in this study.

Table 2. Package Level Reliability Results of eWLB
with advanced dielectric material.

Q100 Test .
Test Condition Test Conditions
MSL1 24h bake @ 125°C
PC 5 168h @ @ 85C/85%RH
Pre-Cond PEDEC J-STD-020 Reflow simulation (3times) with
Lead free profile Tmax=260°C
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Board Level Reliability

For board level reliability tests, eWLB test vehicles with
a daisy chain connects were prepared and surface mounted
on the PCB as illustrated in Fig. 4. To cover the most
critical and important interconnections to investigate solder
joint reliability effectively, this daisy chain connections in
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the test vehicles were designed for various DOE samples of
different eWLB designs were packaged and evaluated for
TCoB board level reliability. Those daisychain test vehicles
were tested in JEDEC TCoB condition (-40/125°C, 2
cycles/hr). The PCB was prepared with RF materials in FR4
8-layer board of 1.2mm total PCB thickness. Cu pad
diameter size was 250um and NSMD/SMD metal pads were
prepared with an OSP surface finish. eWLB daisy chain test
vehicles were attached on the PCB with solder paste for
surface mounting. SMT assembly yield of over 99% was
reported with solder paste printing. Then, the surface
mounted boards were moved to the TCoB chamber with
multi-channel event detector for on-line in-situ failure
monitoring.

Table 3 illustrates TCoB board level reliability test results of
DOE study of automotive eWLB packages.

;
:
i
:

Figure 4. Micrograph of PCB for board level reliability with
surface mounted eWLB packages.

Figure 5. Micrograph of eWLB mounted PCB for board level
reliability test.

The results from the DOE TCoB reliability studies are
summarized as below:
1. NSMD board pads showed improved TCoB
performance versus SMD ones in all DOE legs.
2. Larger solder mask opening was effective to improve
results for the NSMD pad.
3 __Thicker Cn RDI. shawed 15-20% imnrovement in_
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DOE 1 - Reference
DOE 2 - Larger SMO
DOE 3 —Thicker RDL
DOE 4 — with UBM
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Figure 6. DOE study result : Weibull plot of TCoB reliability
test with NSMD PCB. Each no. indicates the first failure cycle
in each DOE studies.

Table 3. Summary of TCoB reliability test results
of DOE studies.

First Failure Cycles
SMD NSMD
DOE1 Reference 1452 1847
poEy | Larger solder mask 1388 2245
opening
DOE3 Thicker RDL 1763 2216
DOE4 With UBM+RDL 964 1005
--ﬂ‘ Tm]‘ Saold ” [T
(L 25 I b T

Failure Analysis of Solder Joint Reliability

After board level reliability tests, failure analysis was
carried out to study solder joint fracture mode for each DOE
case above mentioned. As shown Figure 7, optical
micrographs show failure of SMD and NSMD samples,
respectively.

SMD pad design leads to major failures at PCB pad side
or to a combination with failures also at the package pad.
But NSMD samples showed the only failure was on the
package side and no PCB pad failure was observed. It
means NSMD has good adhesion with a larger pad area,
therefore thermomechanical stress is accumulated and
focused on the package side. The DOE2 with a larger
solder mask opening has improved solder joint life with
larger solder ball pad.
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DOE5

Figure 7. Optical micrographs of failure of DOE 1~5 samples.

In this study, both DOE 4 and5 UBM samples showed
lower solder joint life cycle compared to non UBM samples.
For UBM samples, SMD of DOE 4 and5 showed solder
fatigue failure in board side as shown in Fig. 7 but NSDM
of DOE 4 and 5 did not have major solder fatigue cracks.
After further failure analysis of SEM micrographs, the Cu
metal pad was observed as broken in conventional WLCSP
[17,18,19].

In general, the reliability of WLCSP is dependant of a
range of various design factors, for example:

e Dielectric materials property
Dielectrics thickness
UBM pad size/thickness
Cu pad size/ Cu RDL thickness
Cu pad opening size/Pad overlap size
Solder materials / Solder ball size

In order to change failure mode from this to solder
fatigue failure, those design parameters above are to be
optimized based on thermo-mechanical simulation works in
the future.

(a) (b)

Figure 8 . SEM micrographs of failure of DOE 4 (with UBM &
NSMD)




(a)

Figure 9. SEM micrographs of failure of DOE 5 (with UBM
and solder alloy B & NSMD)

222 CONCLUSION

Thanks to its unique materials properties and thin film
RLD with encapsulated structure, eWLB technology is an
important wafer-level packaging solution that will enable
the next-generation of automotive radar applications with its
unique superior mmWave high frequency electrical
performance. In this study, 9x9mm eWLB reliability was
researched on component level and TCoB board level
reliability with comprehensive DOE studies. The 9x9mm
eWLB passed both AEC-Q100 Grade-1 package level
reliability as well as TCoB board level reliability. To
investigate dominating design factors for an improvement of
TCoB performance, several DOEs were studied with
experimental tests.

It was observed that the PCB pad structure and NSMD
pads (versus SMD) changed solder fatigue mode, thereby
improving the solder joint reliability. FA results showed
solder fatigue failure for samples without UBM, but broken
metal RDL was observed for samples with UBM samples
corresponding to lower solder joint life cycle.

Furthermore, factors such as superior high frequency
electrical performance in mmWave range and ability for
heterogeneous integration; to integrate passives like
inductors/resistor/capacitor into the various thin-film layers,
active/passive devices into the mold compound or
encapsulation, and achieve 3D vertical interconnections for
new 3D SiP and 2.5D/3D packaging solutions, differentiate
eWLB from other packaging technologies. eWLB
technology provides a more holistic performance, and has
potential to be a new packaging platform that widen its
application to automotive, 5G and mmWave applications,
such as antenna on package (AoP) or antenna in package
(AIP).
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