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Abstract—In the latest portable electronic devices, 5™ generation
double data rate small outline dual in-line memory modules
(DDR5 SODIMMs) are more and more used and have been
identified as one of the critical electromagnetic interference (EMI)
noise sources that could cause RF desensitization. In this paper,
the radiation mechanism of DDR5 SODIMM deployed in a laptop
is identified and investigated based on near-field scanning. It was
found that a cavity formed by the SODIMM and the main board
can generate strong radiation around 2.4 GHz due to their
dimensions, which overlap with the Wi-Fi band. To quantify the
radiation from the cavity, a waveguide probe was designed to
perform quick measurements. The performance of the proposed
probe showed better sensitivity compared to conventional loop
probes. The designed probe was built and used to characterize 4
different SODIMMSs from 3 manufacturers. The waveguide probe-
measured noise was proportional to the coupled power on the Wi-
Fi antenna with an accuracy of 3 dB.
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I. INTRODUCTION

Because of the escalating speed and intricacy of modern
electronic technologies, the internal architectures of mobile
platforms, including phones and laptops, are increasingly
compact. The proximity between antennas and high-speed
modules leads to the potential pickup of electromagnetic noise
by radio frequency (RF) antennas [1]-[2]. This in turn results in
RF desensitization on the receiving antennas. Electromagnetic
interference (EMI) issues stem from various noise sources, such
as solid-state drives (SSDs) [3], connectors [4]-[5], heatsinks
[6], cameras [7]-[8], integrated circuit (IC) chips [9] and flexible
flat cables [10]-[12].

Because of the increased bandwidth, higher capacity, and
improved efficiency, DDRS dynamic random-access memory
(DRAM) is more and more used. 5th generation double data rate
small outline dual in-line memory module (DDR5 SODIMM)
inherits the benefits of DDRS5 technology and is tailored to fit
the size and power constraints of portable and small form factor
devices. But this high-speed module could become an RF noise
source, especially in compact devices like mobiles and laptops.
Therefore, detecting and analyzing RFI issues at a component
level is beneficial and important.

It is not new that DRAM could be a serious radio frequency
interference (RFI) noise source. As reported in [13]-[15], the
RFI issue on DRAM was found and analyzed in former
generations. However, as a common RFI debug method, near-
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field scanning technology was widely used in identifying and
quantifying the noise source not only in DRAM analysis [13]-
[14], but also in many other applications [3], [16]-[18]. Near-
field scanning allows for a detailed examination of the
electromagnetic characteristics of a system, helping engineers
and technicians locate and mitigate issues related to
electromagnetic radiation, coupling, and interference. But it is
usually very time-consuming and equipment-demanding. The
near filed scanning was performed on four different SODIMMs
and all their near field distribution show the edge radiation at
around 2.4 GHz. After the noise mechanism is well studied, a
quick measurement method instead of near-field scanning to
quantify the RF noise from SODIMM will be greatly helpful for
the EMC engineers, especially in the development stage when
there are many models to be tested. To deploy the quick
measurements, a large probe is needed to cover the entire edge
of the SODIMM. Usually, the loop probe cannot be too large
because of bandwidth limitation caused by increased parasitic
parameters. However, a waveguide probe is a good option that
can be large enough to cover the SODIMM edge without
bandwidth restriction.

In this paper, the noise radiation mechanism of the
SODIMM mounted on a main board is understood based on
near-field scanning. Then based on the understanding, a
waveguide probe is designed to pick up the noise efficiently and
fast. The measured noise using the proposed waveguide probe is
compared to the coupled power at the embedded Wi-Fi antenna
with 4 different cases. The waveguide probe's performance is
also compared to conventional loop probes in terms of
sensitivity and stability. Iconic band noise was observed in both
near field from SODIMM and coupled power on the Wi-Fi
antenna, which proved the edge radiation from SODIMM is the
most dominant RF noise source. To quickly quantify the
magnitude of the edge radiation, a waveguide probe was
designed, fabricated, and validated under four different
SODIMM cases.

II. SODIMM Radiation Mechanism

The device under test in this paper is the DDR5 SODIMM
situated on a laptop, illustrated in Fig. 1. A script was running to
control the throughput between the SODIMM and the
motherboard, which was used to avoid the laptop goes to idle
status.

Firstly, H-field near-field scanning was performed above the
SODIMMs. Fig. 2 illustrates the schematic of the near-field
scanning measurement setup. A broadband EMC H-field probe
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with a 20 mm diameter loop size was affixed to a robot arm. The
robot arm can rotate the probe by 90 degrees, allowing for the
measurement of two orthogonal field components, Hy and Hj.
The probe's output was connected to a spectrum analyzer (SA)
through two cascaded low-noise amplifiers. Before the scanning
process, probe calibration was conducted using a coplanar
waveguide (CPWGQG), following the methodology outlined in
[19].
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Fig. 1. DRAM SODIMM platform.

Spectrum Analyzer

20 dB Amp.

H-field probe

Scan area

7 T

Fig. 2. Diagram of near-field scanning setup.

As illustrated in Fig. 3. The SODIMM, the laptop’s main
board, and the connector form a cavity structure with the
connector side shorted (short side) and the other three sides open
(open side). The dimensions of the SODIMM are 70 mm in
length and 30 mm in width. The standing wave can be formed
along the width direction because the connector side is shorted
and causes reflection. The first cavity resonance frequency f;
can be calculated to be 2.5 GHz by (1), where € and p are the
permittivity and permeability of the dielectric (air in this case),
m is the mode number along the width direction, w is the width
of the cavity and f;, is the resonance frequency of mode m.

1 m
fm = en X (m) (1)

Because one side boundary is open and thus the first
resonance is a quarter-wavelength resonance. The resonance
frequency is close to 2.4 GHz Wi-Fi bandwidth and could be one
noise source that causes RFI issues.

The H-field scanning results, with a scanning height of 5.3
mm, are shown in Fig. 4. The scanning results show strong
radiation along the edge of the SODIMM: H, along the width
direction and Hy along the length direction. The connector side
of the SODIMM is connected to the laptop main board through

the DRAM connector and socket. There is a hot spot around the
center of the connector side because there is a notch with no pins
in the middle of the DRAM connector.

Noise source in the cavity
DRAM
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[
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Fig. 3. Cavity structure formed by SODIMM and main board [20].
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Fig. 4. Near-field scanning result above SODIMM.

The spectrum of the near field is compared with that of
coupled noise on the embedded Wi-Fi antenna is shown in Fig.
5. It clearly shows that the edge radiation from the SODIMM
has a strong noise within the frequency band from 2390 MHz
to 2400 MHz, which is responsible for the same band on the
coupled noise on the Wi-Fi antenna. It should be noted that the
SODIMMs tested in this paper had already been engineered to
avoid interference with the Wi-Fi band by lowering the
fundamental frequency of the DRAM. The noise from 2390
MHz to 2400 MHz wouldn’t affect the Wi-Fi sensitivity
because it is out of the band of Wi-Fi. A new measurement
method that can replace time-consuming near-field scanning is
proposed in the next section, and the SODIMM noise in the
frequency range of 2390 MHz to 2400 MHz is used to evaluate
the proposed method assuming that the probe performance
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would exhibit similar performance in the actual Wi-Fi band
(2400 MHz — 2500MHz).
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Fig. 5. Spectrum comparison between the measured near field (edge radiation)
and coupled noise on the Wi-Fi antenna.

III. WAVEGUIDE PROBE

A waveguide probe is a device used in the field of
electromagnetic wave propagation and communication systems.
The rectangular aperture of the waveguide probe is suitable to
capture the edge radiation. The waveguide probe consists of two
parts: a waveguide and a coaxial feeding as depicted in Fig. 6.
The main body of the waveguide probe is the waveguide itself
with one side open for receiving signals and the other side short.
Inside the waveguide, there is a monopole extended from the
inner pin of the coaxial feeding responsible for receiving
electromagnetic waves.

SMA connector

Fig. 6. Illustration of waveguide probe with SMA connector.

The dimensions of the waveguide probe are shown in Fig. 7.
The broad wall width of the waveguide probe is set to 70 mm
for two reasons: 1) To make the cut-off frequency 2.1 GHz
which is lower than the Wi-Fi frequency range, and 2) As wide
as the SODIMM to capture all the edge radiation. The incident
wave and the wave reflected by the short side waveguide wall
form a standing wave inside the waveguide. The location of the
receiving monopole antenna is optimized to be 30 mm away
from the short side where the wave peak of the standing wave is
at 2.4 GHz as shown in Fig. 8.
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SMA connector

Fig. 7. Cross-section of waveguide probe.

Fig. 8. Standing wave inside the waveguide probe.

The designed waveguide was built using a 3D-printed plastic
waveguide wall coated by copper tapes. To rule out the potential
inhomogeneous dielectric effect that could be introduced by the
3D printing material. The copper tape was coated inside the 3D-
printed wall instead of the outside. The monopole was built by a
short copper wire connected to the inner pin of an SMA
connector, whose reference plane is the waveguide. This
waveguide probe was designed to work at 2.4 GHz, but it’s easy
to be optimized to work at 5 GHz by simply changing the
location of the monopole structure.

Fig. 9. Side view and front view of the waveguide probe.

. Restrictions apply.



IV. MEASUREMENT

To check the effectiveness and validity of the waveguide
probe to quantify the SODIMM noise, 4 cases were measured
including 4 SODIMMs from three different manufacturers.
Then the waveguide probe-measured power and the coupled
power on the laptop’s Wi-Fi antenna are compared.

The measurement setup is demonstrated in Fig. 10. All
measurements were conducted inside an EMI chamber to isolate
the DUT from the environmental noise. A script was running
during the measurement to avoid the SODIMM working in idle
status. The waveguide probe was fixed on a probe holder. The
probe was located close to the broad edge of the SODIMM. The
laptop was on an adjustable height base to make the open
aperture of the waveguide probe at the same height as the
SODIMM surface. The waveguide probe was connected to the
SA after two cascaded low-noise amplifiers. Then the same
measurement environment was kept when measuring the
coupled power on the laptop’s Wi-Fi antenna. To reduce the
error introduced by the instability of the SODIMM noise,
average mode was used to measure the average power of 100
sweeps.

Waveguide probe measurement

Spectrum analyzer &=

Wi-Fi ant

!
Jl

Spectrum analyzer

path________--- -

DRAM Couplin%

Connector

Laptop’s main board

Coupled voltage measurement

Fig. 10. Diagram of waveguide probe measurement and coupled power
measurement.

Fig. 11. Photograph of waveguide probe measurement setup; the probe was
placed above the SODIMM.

As the radiation mechanism is associated with the physical
dimensions of SODIMM, all DDR5 SODIMM are expected to
have the same behavior (edge radiation). Consequently, the
waveguide probe output (near-field of SODIMM) should be
proportional to the coupled power on the Wi-Fi antenna. The
measurement results are depicted in Fig. 12. 4 cases were
measured with the waveguide probe and compared to the
coupled power on the Wi-Fi antenna. The horizontal axis shows
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the averaged coupled power on the Wi-Fi antenna from 2390
MHz to 2400 MHz and the vertical axis shows the waveguide
probe measurement average receiving power in the same band
for each case. The red line is a 45-degree slope baseline fitted by
4 measured cases. The error margin was +1.5 dB.
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Fig. 12. Waveguide probe output vs. coupled noise power on the Wi-Fi antenna
for 4 different cases.

The sensitivity and stability of the probe are two key factors
for accurate measurement. Better sensitivity means the probe
could capture weaker noise, i.e., better probe factor. Stability
here represents the power variation received by the probe with a
slight spatial offset in the measurement location. Because in
practical measurement, it is hard to keep the same probing
location in every measurement, therefore the measurement
results must not be too sensitive to the measurement location.

Besides the waveguide probe, a 20 mm diameter loop probe
and a 10 mm diameter loop probe were used to measure the
SODIMM, and the results are compared against the waveguide
probe in terms of sensitivity and stability. When using the loop
probes to quantify the SODIMM noise, the probes were located
above the middle of the open edge of SODIMM as shown in Fig.
13. The sensitivity comparison between three probes was
conducted by measuring the same SODIMM using three probes.
It should be noted that the effective probing height between the
three probes is different, which is the case in the practical
measurement. The stability is checked by comparing the
received power before and after moving the probes by 10 mm
along the x-axis as shown in Fig. 14. The relative received power
difference in decibels is defined as the stability in this paper.

The comparison between the three probes is summarized in
Table 1. Intuitively, the waveguide probe’s sensitivity is higher
than the loop probes because it has a larger aperture area than
the loops. It’s also worth mentioning that the waveguide probe
picks up the E-field while the loop probe picks up the H-field.
The broader aperture of the waveguide probe makes its receiving
result better representing the average field along the total edge
instead of at a point that is measured by the loop probes.
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Fig. 13. Illustration of loop probe probing location.
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Fig. 14. Spatial offset in stability measurement.

TABLE 1. THREE PROBES COMPARISION
Probe Type
Waveguide 20mm Loop 10mm Loop
Probe Probe Probe
Recived power from | g5 s 4y | 989dBm | -107.5 dBm
a common source
Stability 2.3dB 3.6dB 2.0 dB

V. CONCLUSION

This paper introduces the design of a waveguide probe that

can quickly quantify the noise level generated by DDRS
SODIMM. This designed waveguide probe was validated by
measuring 4 cases including 4 SODIMMs from different
SODIMM manufacturers and achieved less than £1.5 dB error.
Furthermore, given the limited testing performed described
herein, this waveguide probe was validated to be more sensitive
than the common 10 cm and 20 ¢cm loop probes and exhibited
stability similar to the loop probe.
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