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Table 2 shows the test configurations used during the demonstrated that burying the traces in a single-ended
testing of the selected variants. mode did not provide any noticeable benefit.

'The details of the measurement setup
are shown in Figure 1.

Configuration A Configuration B Configuration C
. . ¢ Non-conductive e Conductive enclosure e Conductive enclosure
All tests were run in continuous enclosure _ _

(CW) transmission e 4 non-conductive e 4 conductive standoffs
wave a S s O. A * No filters on analog signal standoffs « Conductive eround rin
(e.g. no modulations utilized). traces _ 8 8

e Non-conductive ground gaskets (top & bottom)

e All 7 variants ring gaskets (top & « Selective filtering on

2. IMMUNITY TESTING RESULTS - bottom) e e 8
analog signal traces
CONFIGURATION A ¢ No filters on analog signal )
e Worst performing
Variant 1 and Variant 2 test results are traces variant (1)
shown in Figure 2. 3 worst performing
variants, (1,5,6)

Observations: Variant 1 tested

in Configuration A exhibited
anomalies (with the exception of
600 to 680MHz) with the analog
temperature readings. Variant 2
tested in Configuration A exhibited
anomalies (with the exception of 640
to 650MHz and 700 to 720MHz)
with the analog temperature readings.
Compared to Variant 1, Variant 2
performed slightly better, especially
below 600MHz. This demonstrated
that differential routing did not
provide any significant benefit.

Table 2: Description of test configurations

Next, Variant 3 was tested, and the
results were compared to those of
Variant 1. The comparison is shown in

Figure 3 on page 42.

Observations: Compared to Variant 1,
Variant 3 performed slightly worse Figure 1:1S011452-11 measurement setup
throughout the whole range.

'This demonstrated that burying
differentially routed traces did not
provide a noticeable benefit.

Next, Variant 4 was tested, and the
results were compared to those of
Variant 2. The comparison is shown

in Figure 4 on page 42.

Observations: Variant 4 performed
very similarly to Variant 2, with
no significant differences. This Figure 2: Configuration A: Variant 1 vs. Variant 2
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Next, Variant 5 was tested, and the results were

compared to those of Variant 2. The comparison is

shown in Figure 5.

Observations: Variant 5 showed slightly
worse performance than Variant 2 across
the entire spectrum. This demonstrated
that splitting the grounds, ground (GND)
and analog ground (AGND), has a negative
impact on the performance.

Next, Variant 6 was tested, and the results
were compared to those of Variant 5. The
comparison is shown in Figure 6.

Observations: Variant 6 performed slightly
better than Variant 5 except for the region
around 460MHz. This could indicate that
having AGND isolated on Layer 3 has a
positive impact on the performance in a split
ground topology.

Next, Variant 7 was tested, and the results
were compared to those of Variant 6. The
comparison is shown in Figure 7.

Observations: Jumping the analog traces
from Layer 1 to 3 (Variant 7) introduces
regions where one variant outperforms the
other. Variant 7 shows better immunity in
the lower frequency range, while Variant 6
is better in the mid-frequency range. Our
experience has shown that jumping layers
should be avoided as it introduces anomalies
in an unpredictable frequency range.

3. IMMUNITY TESTING RESULTS -
CONFIGURATION B

The three variants which exhibited the
weakest RF immunity performance in
Configuration A were re-tested in the same
frequency range. The weakest RF immunity

was exhibited by Variants 1, 5, and 6.

Figure 8 on page 44 compares the test
results for Variant 1, Configuration A vs. B.

Observations: Variant 1 in Configuration
A generally outperforms Configuration B

up to 700MHz. Between 700MHz and 800MHz,
Configuration B shows a benefit. Beyond 800MHz,

Level {ufm)

673 703 73 T7E5 T93

Frequency (MHz)

Level {v/m)

400 428 459 489 520 550 581 612 642 673 O3 734 765 793 EM

Frequency (MHz)

——=Target  —V2{Configh] —

V4 (Canfig &)

Figure 4: Configuration A: Variant 2 vs. Variant 4

Level {v/m}

400 428 459 489 520 550 SB1 612 642 673 T3 M 765

Frequency (MHz)
= Targnt

— 2 (N fig ] —E Config A}

Figure 5: Configuration A: Variant 2 vs. Variant 5

Lewel (v/m])

Frequency [MHz)

- TAREE  —G (CONIGA]  —E (Config A)

Figure 6: Configuration A: Variant 5 vs. Variant 6
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there is no noticeable difference in performance. the exception of frequencies around 420MHz and
Based on the data, an ungrounded shielded enclosure 620MHz — 720MHz range. 'There are inconsistent
provides benefits in a limited frequency range. benefits of introducing an ungrounded conductive

enclosure (Configuration B). In Variant 6, the analog
Figure 9 on page 44 compares the test results for
Variant 5, Configuration A vs. B.

Configuration A: V6 vs V7

Observations: Variant 5 in Configuration B
performed similarly to Configuration A with
the exception of 400MHz and 740MHz —
880MHz range. There are inconsistent benefits
of Configuration B most likely due to the split
ground strategy that doesn’t provide complete
shielding from the enclosure.

Figure 10 on page 44 compares the test results for
Variant 6, Configuration A vs. B.

Observations: Variant 6 in Configuration B

performed similarly to Configuration A with Figure 7: Configuration A: Variant 6 vs. Variant 7

IEEE EMC SOCIETY
th

*d ANNIVERSARY

TEMI}SIPI

sr1s9022

SPOKANE, WASHINGTON

s y ‘ b 3 | il

TOP 5 REASONS TO ATTEND THE 2022 IEEE INTERNATIONAL SYMPOSIUM
ON ELECTROMAGNETIC COMPATIBILITY & SIGNAL/POWER INTEGRITY

Participate in More Than 200 Technical Sessions,

Workshops & Tutorials, Hands-on Experiments &
Demonstrations, and Ask the Experts Panels with

Balanis is Back by Popular Demand! Regents’ .
Professor Emeritus Constantine Balanis with E
Arizona State University returns to present his

the world’s leading engineers in EMC and SIPI. popular short course, Antennas: The Structural
Elements of EMC with returning EMC Society
Attend the keynote, Return-to-Flight Distinguished Lecturers Zhong Chen and Dennis Lewis.
ﬂ Electromagnetic Measurements: The NASA

Dr. Brian M. Kent, Fellow, IEEE, AMTA, Independent
Aerospace Consultant.

SIPI! The Clayton R. Paul Global University Short
Course offers an intensive study by an accomplished
team of instructors.

REG ISTRATI O N IS O PE N B Visit the Expansive 75,000 sq ft (7,000 sq m)

Shuttle Ascent Debris Radar System, presented by n Accelerate your Understanding of EMC and

Exhibition Hall to Discover New Technologies,
Instrumentation, Services, and Solutions related

VISIT THE WEBSITE to EMC and SIPI.
FOR DETAILS

WWW.EMC2022.EMCSS.ORG +exeese22 [ 1 3 E] @ @9 € IEEE | EMC

SOCIETY.



http://www.emc2022.emcss.org

44 | EMC concepts explained

traces are routed on the top layer with
PCB GND surround and a separate
Analog GND beneath on Layer 2.
All other layers are PCB GND.
These layout design features make
the ungrounded shielded enclosure
have less impact on the immunity
performance.

4. IMMUNITY TESTING RESULTS -
CONFIGURATION C

Finally, the worst-performing variant

from Configuration B (Variant 1) was
re-tested in the same frequency range.
Figure 11 compares the test results for
Variant 1, Configuration A vs. C.

Observations: Variant 1 in Configuration
C performed dramatically better

than Configuration A over a wide

band of frequencies from 400MHz

to 1000MHz. Improvements were

made due to the shielded enclosure,
conductive standofts, conductive gaskets,
and selective filtering components on
the analog lines. Since Configuration

B (shielded enclosure, non-conductive
standoffs) didn’t provide as much
benefit as Configuration C, the added
conductive gaskets, conductive standoffs,
and component filtering likely provided
the most benefit.

5. FUTURE WORK

The next article will discuss the results
of the RF conducted immunity testing. @
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