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How to Shield Your
oG Systems from EMI

5G base stations have far more modems, data converters, and high-speed baseband
digital processing, which leads to higher power needs. And they may need as much as
3X more power than existing 4G designs with a marked increase in EMI.

G system hardware designers are challenged to

implement better power solutions that help all nec-

essary electronics to fit into form factors close to

those of existing 4G base-station enclosures while
maintaining a low EMI.

Increased board component density in 5G systems de-
mands space-saving solutions with higher efficiency and
lower EMI than traditional discrete dc-dc ICs with external
inductor-based solutions. This will challenge designers to
create a careful layout of components for filters to minimize
radiated and conducted EMI generated via power converter
and inductor switching currents.

It’s no secret that dc-dc converters are notorious for con-
ducted EMI coming from magnetic fields emanating from
the current loop path. That path is comprised of the output
switching node to ground as well as the input capacitor to
ground.

Radiated EMI also is generated from the MOSFET switch-
ing node to the connection at the inductor. This creates high
dV/dT because it’s continuously switching from the high
input voltage level to ground as well as from inductor-gen-
erated electromagnetic fields.

This system design may lead to multiple, costly EMI lab
tests in order to meet the standard. An integrated module
may be a better option here.

5G EMI Shielding

5G is an awesome technology. Applications in a 5G sys-
tem can range from smartphones, healthcare, and vehicle-
to-everything (V2X) to smart appliances, public safety, and
much more. However, one improper shielding device failure
could cause a larger communications snafu that possibly af-
fects a broader system disruption.

Designers must avoid open apertures as well as non-con-
ductive regions that diminish the overall electronic enclo-
sure. They allow EMI and RFI to exit the design areas to the
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outside or enter the system design area to possibly cause the
system to malfunction or even fail.

One of the main open apertures and non-conductive
regions is cable entry, particularly vulnerable near connec-
tors. Power and signal access panels could contribute to
EMI problems here. And finally, viewing windows, as well
as heating, ventilation, and air conditioning (HVAC) vents,
can be access areas that EMI may enter or exit.

Some other potentially vulnerable use cases include:

5G in the military

Military enclosures will need to pass MIL-STD-461, pos-
sibly requiring 60-dB, 80-dB, or even higher attenuation
levels to achieve compliance. To achieve such levels of elec-
tromagnetic shielding attenuation, open apertures and non-
conductive areas may not be larger than a few thousandths
of an inch.

5G in the medical arena

EMI in some sensitive medical applications could harm a
patient or even cause death. Medical facilities must properly
shield operating theater equipment, as well as other areas
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SiP Module (650 mm?)

Metal Frame Partition This is the simulation model

setup of the shielding space.

(Image from Reference 1)

Molding thickness

1.4mm (Compression Molding)

that need protection, such as where imaging devices are in
use.

EMI Shielding in Package Module Designs

System-in-package (SiP) module design, and associated
assembly technology, plays a key role in IoT, antenna-in-
package (AiP), and RF modules. High-speed data transmis-
sion and low latency are prime characteristics for 5G RF
systems.

Now let’s look at EMI coating and partition technology in
SiP modules.

EMI Coating

Conformal EMI shielding can be implemented using a
metal frame, sputter coating, or spray coating technology to
prevent disturbance in an electronic circuit. Unfortunately,
though a basic metal frame shield is good, it doesn’t always
provide the best performance.

A SiP with an EMI shielding structure is absolutely the
most innovative technology in a 5G RF system. In the mo-
bile computing market, antennas also are integrated in the
SiP module to minimize board footprint.

A 3D SiP solution employs a double-side molding tech-
nology and AiP architecture. In 5G, AiP technology has
been widely applied in many IoT, RF module, and wireless
transmission applications.

For 5G millimeter-wave (mmWave) generation, which
operates at frequencies higher than 28 GHz, the antenna
wavelength is suitable for small package sizes. This small
size presents challenges in AiP design, such as EMI shield-
ing technology, partition design, low-loss substrate material
selection, and multi-layer substrate antenna design capabil-
ity. Partition EMI shielding technology is used to isolate dif-
ferent function blocks in the SiP module.

Copper/SUS (“steel use stainless” or stainless steel) sputter
coating is a popular coating method used within assembly
industries. A 3- to 5-um thickness coating has ideal shield-
ing performance as well as very good particle adhesion on
coating surfaces.

To facilitate a more flexible shielding design between the
different function blocks in a SiP, compartment shielding
technology is proposed to isolate the signal noise between
the digital and RF/analog circuits within the SiP module.

A metal-frame partition design has the advantages of
simple assembly, lower cost, and good shielding effective-

ness (SE) for the low frequency spectrum. However, the SE
may degrade in the mmWave range due to possible jagged
solder pad design. As a result, epoxy filling is becoming a
more popular shielding design that supports a flexible parti-
tion shape and good SE performance in mmWave signals.

Comparing EMI Shielding in Conformal Coating and
Compartment Technologies!

EMI shielding technology, in both conformal and com-
partment methodology, using the simulation model and
real device methods, were shown the same trend and result
in an experiment. A test vehicle (TV) was designed with an
advanced SiP module employing antenna integration and
partition EMI shielding technology. The TV of a compart-
ment SiP module, with a 650-mm? package size and 1.4-mm
molding thickness, designed using metal frame and epoxy
filling partition technology, is shown in the table.

In this study, the first stage of a 3-um metal coating con-
formal shielding technology, in a 10 x 10 mm package size,
involved in a single unit and a side-by-side coupling simula-
tion (see figure).

Results demonstrated a marked improvement of SE in
the dc to 6-GHz frequency range. Also, the ferrite coating
plate was covered on the RF die, and the copper was coated
onto the molding compound by sputter technology. The SE
improved below the 6-GHz frequency band due to the in-
trinsic cutoft frequency characteristic of the ferromagnetic
material.

Compartment shielding also was demonstrated in this
study. The metal frame and conductive epoxy were applied
in the simulation model and in the real device. The metal
material demonstrated better SE performance in this ex-
periment. According to the SE calculation formula, the SE
is proportional to the electric conductivity of the material,
which dominated by skin effect. Based on the calculation re-
sult, the SE of Cu-Ni is 8.3X better than conductive epoxy,
which is compatible to the simulation condition.

Finally, to verify the SE between the materials of metal,
epoxy, and SUS + Cu, with and without the hole on the bot-
tom of the shielding wall, the AiP with partition structure
was designed and tested. Both the metal frame and SUS +
Cu coating solution improved over 35 dB SE between the
25- and 45-GHz frequency bands due to better conductivity
properties.
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In summary, the package level reliability was tested by the
JEDEC standard, which included the MSL 3, TCT1000, u-
HAST96, and HTS1000 test conditions.

Conclusion

No one unique shielding solution is perfect for every EMI
problem. Architects and designers need flexible material
options when EMI plagues challenging designs. Designers
need flexibility in their solutions, which can target board-
and enclosure-level EMI problems. For very challenging de-
signs, designers may want to combine multiple options to
create a custom solution.
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