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Abstract: In this paper, several aspects were studied, including the effect of an electromagnetic
interference (EMI) noise interference strategy with High Definition Multimedia Interface (HDMI)
1.4, the analysis of a test on a printed circuit board (PCB) layout, and a comparison of the near field
intensity radiation distribution between an EMI with a modified HDMI layout and an original layout.
In this study, the near field detection instrument of APREL EM-ISight was employed to analyze the
distribution of the strength of an electromagnetic noise field. After the practical validation, we found
that the PCB layout complies with the standards after the modifications. Meanwhile, the PCB layout
satisfies the requirements of most laptop HDMI-related products for EMI.

Keywords: high-definition multimedia interface; PCB layout; electromagnetic interference;
radiation resistance

1. Introduction

At present, electromagnetic compatibility has attracted much attention from the science and
technology industry. How to eliminate the electromagnetic interference while reaching a balance
in signal quality is a difficult challenge facing every electronic researcher. Nowadays, technology
has entered the era of Artificial Intelligence (AI) and the Internet of Things (IoT). As the functions
performed by electronic products and facilities function are made increasingly complex and diversified,
the mitigation of noise interference plays an important role. If the manufacturing process it is not
consideration during the design of electronic products unforeseeable conditions can arise. It is possible
for the electromagnetic interference to cause dysfunction, and even result in the crash or burnout of
the product.

Currently, there is only limited literature that has focused on the problems caused by
electromagnetic interference [1–5], which is a challenge faced by every single electronics developer.
The design of electronic devices is subject to various limitations in the initial stage, which increases
the difficulty that arises from reaching a balance between the quality of signal and electromagnetic
interference. It is difficult to ensure that the signal is free from distortion and that the noise meets the
existing requirements set out by the international electro technical association.

With respect to the test project of high definition multimedia interface (HDMI) electromagnetic
interference (EMI), the product can meet the standard in the design stage, but not satisfy the requirements
specified for mass production, which forces the production line to be suspended. Even worse, in some
cases, it is necessary to redesign the product, which is not desired by the company. Usually this
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problem arises from the design stage. The engineers fail to give full consideration to the potential
impact of electromagnetic interference, and the choice of countermeasure is unavailable. In addition,
these problems result from the design flaws and also from the countermeasure selection. In terms of
a general EMI verification project, test results are usually restricted to below the regulatory limit of
−0 dB, but the error value can exist in the practical measurement. Therefore, it is essential to identify a
proper countermeasure for these factors to be avoided.

For the general EMI test error, the error value can range between −1 dB and −3 dB. As shown
in Figure 1 [6], in order to avoid the circumstance where the shipment is affected by a lag in the test
schedule as a result of test error, some demanding customers set the verification limitation value below
−6 dB at the time of shipment. However, combined with the test errors, as mentioned above, there is a
difference of up to 9 dB. Therefore, this is a significant topic for engineers [7–9].

Electronics 2020, 9, x FOR PEER REVIEW 2 of 15 

 

worse, in some cases, it is necessary to redesign the product, which is not desired by the company. 

Usually this problem arises from the design stage. The engineers fail to give full consideration to the 

potential impact of electromagnetic interference, and the choice of countermeasure is unavailable. In 

addition, these problems result from the design flaws and also from the countermeasure selection. In 

terms of a general EMI verification project, test results are usually restricted to below the regulatory 

limit of −0 dB, but the error value can exist in the practical measurement. Therefore, it is essential to 

identify a proper countermeasure for these factors to be avoided. 

For the general EMI test error, the error value can range between −1 dB and −3 dB. As shown in 

Figure 1 [6], in order to avoid the circumstance where the shipment is affected by a lag in the test 

schedule as a result of test error, some demanding customers set the verification limitation value 

below −6 dB at the time of shipment. However, combined with the test errors, as mentioned above, 

there is a difference of up to 9 dB. Therefore, this is a significant topic for engineers [7–9]. 

 

Figure 1. CISPR 16 1–4 site error description. 

With regards to the specifications of HDMI 1.4, its resolution is supposed to support 4K2K with 

30 Hz refresh rate. However, according to the verification requirements specified by the customer, 

HMDI noise at 891 MHz frequency is frequently incapable of meeting the customers’ requirements 

for EMI of –6 dB, as shown in Figure 2. * means that the customers’ requirements. The 891 MHz 

frequency point is merely −2.578 dB. Although the measurement results comply with the EN55022 

regulations, they do not conform to the customers’ requirements. Therefore, this paper presents a 

practical study of a printed circuit board (PCB) layout based on satisfying customers’ requirements 

for HDMI noise. 

Figure 1. CISPR 16 1–4 site error description.

With regards to the specifications of HDMI 1.4, its resolution is supposed to support 4K2K with
30 Hz refresh rate. However, according to the verification requirements specified by the customer,
HMDI noise at 891 MHz frequency is frequently incapable of meeting the customers’ requirements for
EMI of –6 dB, as shown in Figure 2. * means that the customers’ requirements. The 891 MHz frequency
point is merely −2.578 dB. Although the measurement results comply with the EN55022 regulations,
they do not conform to the customers’ requirements. Therefore, this paper presents a practical study of
a printed circuit board (PCB) layout based on satisfying customers’ requirements for HDMI noise.
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2. Theoretical Formulation

During the development of an electronic product, when the electrical engineer or the mechanical
engineer lacks the relevant knowledge of electromagnetic compatibility (EMC), a flawed design is
unavoidable in the initial research and development stage. The occurrence of electromagnetic radiation
during the process of production is not allowed. The most common fatal problem results from the
method of wiring.

Generically, when the electronic circuits are designed, electronic engineers take into consideration
only signal integrity (SI), power integrity (PI), and impedance matching accuracy (IMA), which means
the poor design of conducting wires in PCB is ignored, thus causing an EMI problem. However, most
mechanical engineers only give consideration to the stack structure and the minimum line-to-line
distance (line length affects price), and therefore overlook whether the wiring and wiring mode crosses
in the vicinity of the radio frequency emitting chip, as shown in Figures 3 and 4. Invariably, a bad
design results in phenomena such as radiation divergence and coupling, either directly or indirectly.
In addition, the grounding property of the basic mechanical structure can also be ignored. All these
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problems contribute to electromagnetic noise. Finally, the EMC measurement results of products are
affected. In consideration of this, the relevant issues are worthy of discussion before the design stage
in order to prevent serious problems from arising.
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Nevertheless, in order to eliminate electromagnetic interference, no more than three elements of
electromagnetic interference should be taken into consideration. Although it is unnecessary to address
the problem from any aspect at the start, it is recommended to deal with the source of the disturbance
at the beginning. An effective design for the wiring can resolve approximately 70% to 80% of the
radiation problems. Not only does it reduce the strategy cost incurred by this problem, it also saves a
substantial amount of staffing costs related to research and development.

In the general layout of a circuit board (hereinafter referred to as the PCB layout), not only is
consideration given to the signal quality and whether the signal function is normal, attention is also
given to line width, line spacing, return path, and signal line reference plane. In addition, if the return
path is excessively large, the magnetic field effect is produced that creates the EMI radiation area.

In addition, it is necessary to prevent the circumstance where irrelevant through holes pass the
high speed or sensitive signal lines. This is because the overly strong noise source makes it easy for
signal interference and coupling mechanism to occur, as shown in Figure 5. For example, regardless of
whether a PCB is designed with either four or six layers, if the pulse signal line is shifted from the top
layer to the bottom layer, and the pulse signal line is adjacent to the through hole of the high-speed
signal line, it is highly likely to cause signal interference. This type of wiring occurs on a frequent basis,
which requires developers to pay special attention to this issue.
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Figure 5. Electromagnetic interference through hole.

In addition to eliminating the interference of signal line through holes and other signal lines, it is
also necessary to take into account the conditions of the return path when the signal lines cannot refer
to the same reference plane (GND). In general, a decoupled capacitor is employed, or a reference plane
is added to achieve reinforcement by the nearby signal line through hole, as shown in Figure 6.
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Therefore, it is a necessity that the 3W rule is adhered to as much as possible as part of the wiring
requirements [7]. The clearance between lines should be three times the width of lines, as shown in
Figure 7. It should be measured by midline, or the clearance between lines should be twice as wide as
a single line, and snake-like wiring needs to be reduced, as marked in yellow in Figure 8. In addition,
for the signals with high speed and high sensitivity, it is necessary to avoid the clock or the power of
the through hole as much as possible. It is also necessary to avoid the front end of the HDMI port and
the HDMI signal online. Meanwhile, the PCB factory production line and the line testing point must
be detected. If the PCB itself with HDMI signal noise has the opportunity to couple radiation to an
HDMI port, what is borrowed from HDMI cable will noise out the screen and join in the high-speed
signal transfer layer path GND via design. Moreover, the GND via advice from a signal line shows a
penetration hole distance of 25 mil, which makes it necessary not only to shorten the return path and
area but also to reduce the formation of the radiation field. These issues affect EMI test results on a
frequent basis.
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3. EMI Test Environment and Attention

3.1. EMI Validation Environment

According to the formal EMI EN55022 regulations (30 m~1 GHZ) for validation field, there are
two kinds of spaces. One is a relatively open space, commonly known as the open site, as shown in
Figure 9. In some cases, open site testing leads to the results of validation such as the AM/FM radio
band in Taiwan from 88 MHZ to 108 MHZ due to the environmental noise effects. If the noise falls
into the radio frequency band, the system noise signal is broadcast band and the phenomenon of
cover occurs. As a result, the validation gives rise to a grey area, and it is impractical to ensure the
authenticity of the products. Due of this, additionally, another indoor dark room space was created,
and it is known as the 10 m chamber, as shown in Figure 10. Since the enclosed space can be isolated
from the external noise interference, it ensures that full spectrum noise occurs in electronic products.
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Although it is not easy to misjudge the noise signal, the venue is costly. Therefore, the chamber has a
10 m fewer third-party certification unit. In addition, to make an appointment at the site, the cost is
approximately three to four times higher as compared with the open site.
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3.2. EMI Site Configuration Map

In accordance with the regulations set out for an EMI measured erection diagram, as shown in
Figure 11, it is comprised of a pair of conical log periodic antennae. The antenna rises between 1 m
and 4 m, while the antenna signal is distinguishable between two vertical and horizontal polarities.
It receives the material under test (equipment under test) within 30 MHZ–1 GHZ fan questions around
noise. In addition, it locates the EUT ten meters clear of the table and performs the EUT functions.
The tunntable is rotated 360 degree, once it receives signals back and forth, to make sure the EUT
signals have no dead angles from the antenna. Meanwhile, an examination is carried out on whether
the EUT is in compliance with the requirements.
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3.3. EMI Verification Attention

During the developmental phase, in order to eliminate errors and the impact of environmental
factors, artificial factors should be taken into consideration. When validation issues are considered
for the differences in the EUT itself, it is necessary to pay more attention to laboratory space between
the measurement error values, and each set up and validation. In general, an engineering personnel
certification experimental unit is required to comply with the regulations set out in the standards set.

Every erection is different. Nevertheless, although they are seemingly identical, they are not identical.
For example, every time the validation is set u, the first and the second are consistent, and it verifies
whether the wire is surrounding the suitability problem. The most common validation that occurs it is the
wire surrounding the overlap, as shown in Figure 12. It is red box space. In some cases, it produces a
signal or noise coupling antenna effect, which makes the measurement result far from accurate. If the
EMC engineer in research and development validation fails to notice these details, the validation
results are inconsistent. A common criticism of the industry is that research and development (R & D)
staff need to pay more attention to the erection of validation status to prevent unnecessary problems.
In doing so, it ensures that the validation phase results are consistent with mass production.
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Figure 12. Schematic diagram of staggered wire around the object to be measured.

4. Measurement Data and Experimental Results

In this paper, practicality is introduced to analyze the differences of EMI noise interference
countermeasures, as listed in HDMI 1.4 specifications, as follows:
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For the discussion and experiment on PCB wiring, this paper mainly focused on examining the
distribution of intensity radiation in the near field and EMI results before and after the improvement
of HDMI wiring.

Experiment 1 To examine the near field radiation distribution and EMI measurement results of PCB
HDMI region;

Experiment 2 To address PCBHDMI noise problem, PCB wiring improvement and measurement of the near
field intensity radiation distribution and EMI measurement results are studied.

4.1. HDMI Circuit Diagram and PCB Layout in This Paper

The HDMI circuit diagram, for this paper, is shown in Figure 13, and the HDMI circuit layout is
marked as yellow in Figure 14.
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In order to resolve EMI problems, it is common for EMC engineers to employ the near-field
probe to identify the source of PCB noise, in order to reduce cost due to the use of a third-party
laboratory for a long time. After identification, the tested objects are transferred to the formal site for
verification purposes.

In this paper, APREL EM—ISight was applied to perform the near field measurement, as shown
in Figure 15 [10]. The instrument relies on mechanical arm instead of hand to hold the receiving
antenna (commonly known as the probe). During the process of measurement, the probe will have
two directional scannings with a range from 0 degrees to 90 degrees, to simulate the far-field antenna
vertical level of polarity, and the area of mechanical arm measurement is set according to the size of the
PCB, the displacement of the Probe every time distance, and the minimum moving distance of 1 mm.

4.2. Experiment 1

As revealed by the PCB EMI measurement results, the measured spectrum of only HDMI at
297 MHZ and 891 MHZ EMI energy is strong, as shown in Table 1. While the original design meets the
requirements of the laws and regulations, it cannot satisfy the requirements of customers’ demand
for a limit of –6 dB. Therefore, the EM—ISight for the near field measurement is applied, and the
measurement area is shown in Figure 15. The red box marks the HDMI, and almost every intensity
distribution is shown in Figure 16.
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Figure 16. HDMI field intensity distribution map of PCB initial version.

Before its improvement, the PCB layout for EM—ISight instruments is applied to examine the
distribution of recent games intensity to find the HDMI port, and there is also a substantial amount of
EMI radiation energy. The scattering region has covered the HDMI and the adjacent IO port (LAN and
start), and therefore the noise through the wire around the test is easily out of the noise, as shown in
Figure 16. As for its color, the red represents more energy, and the blue dot in the graph indicates the
strongest power in the area.

4.3. Experiment 2

According to the original PCB layout design, we discovered that there is a large number of snaking
wires in the HDMI wiring, power supply, and clock via on the side, as well as extra winding, fine
tuning, and straightening. In doing so, the bus length can be reduced, and GND can be added at the
differential signal wiring change layer. After the improvement of the PCB HDMI layout, the near field
measurement area of the HDMI is indicated by the red box, as shown in Figure 17.
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Figure 17. The improved near field measurement area diagram of HDMI layout.

As shown in Figure 18, in addition to the obvious narrowing of the EMI radiation region,
the scattering region also concentrates in the HDMI port, and its energy is not coupled to other
ports. In doing so, most EMI problems are resolved. After the improvement of the layout, the EMI
measurements conform to the customers’ requirements of−6 db HDMI frequency band points, as shown
in Table 2.

Table 1. EMI measurement data of PCB first edition.

Noise Frequency 297 MHz 594 MHz 891 MHz

Antenna polarization H V H V H V
Measurement results −8.767 −1.667 −8.441 −11.815 −2.578 −4.728

Unit: dBuV/m

Table 2. EMI measurement data after HDMI layout improvement.

Noise Frequency 297 MHz 594 MHz 891 MHz

Antenna polarization H V H V H V
Measurement results −6.567 −7.767 −9.741 −10.515 −10.777 −7.629

Unit: dBuV/m
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5. Conclusions

In the laptop industry, low levels of profitability and high-quality design are the norm, but it is
challenging to ensure design precision and quality while avoiding the waste of cost. We believe this is
a difficulty facing each electronic engineer with common HDMI noise as a starting point. In this paper,
the following conclusions are drawn:

1. To resolve the EMC noise problem, first, engineers must clarify and confirm the core of the
problem and these problems can be analyzed from three aspects, which are institutional structure,
hardware design, and software design;

2. PCB wiring plays a significant role in hardware design. A good PCB layout is effective in reducing
the interference of EMI noise radiation or EMS.

In this paper, an APREL EM-Isight near field detection instrument is applied to assist in analyzing
the distribution of electromagnetic noise intensity in the near-field. After verification, the PCB wiring
proves to be compliant with the specification after adjustments made to the design, and with the EMI
requirements for most HD multimedia interface related products.

Author Contributions: W.C., Y.C. and C.-F.H. contributed to the conception of the study. W.C., Y.-T.C. and C.-F.H.
contributed significantly to analysis and manuscript preparation; K.-X.H. and C.-F.H. performed the data analyses
and wrote the manuscript; C.-C.C. and Y.-T.C. helped perform the analysis with constructive discussions. All
authors have read and agreed to the published version of the manuscript.



Electronics 2020, 9, 426 14 of 14

Funding: This research was funded by Research Initiation Project of Introducing High-level Talents from Beibu
Gulf University of China, with grant number as 2017KYQD209.

Conflicts of Interest: The authors declare no conflict of interest

References

1. Hao, X.; Xie, S.; Chen, Z. A Parametric Conducted Emission Modeling Method of a Switching Model Power
Supply (SMPS) Chip by a Developed Vector Fitting Algorithm. Electronics 2019, 8, 725. [CrossRef]

2. Kim, M. Analytical Modeling of Metamaterial Differential Transmission Line Using Corrugated Ground
Planes in High-Speed Printed Circuit Boards. Electronics 2019, 8, 299. [CrossRef]

3. Capriglione, D.; Chiariello, A.G.; Maffucci, A. Accurate Models for Evaluating the Direct Conducted and
Radiated Emissions from Integrated Circuits. Appl. Sci. 2018, 8, 477. [CrossRef]

4. Ali, I.; Rikhan, B.S.; Kim, D.G.; Lee, D.S.; Rehman, M.R.; Abbasizadeh, H.; Asif, M.; Lee, M.; Hwang, K.C.;
Yang, Y.; et al. Design of a Low-Power, Small-Area AEC-Q100-Compliant SENT Transmitter in Signal
Conditioning IC for Automotive Pressure and Temperature Complex Sensors in 180 Nm CMOS Technology.
Sensors 2018, 18, 1555. [CrossRef] [PubMed]

5. Huang, C.-Y.; Chen, J.-H. Development of Dual-Axis MEMS Accelerometers for Machine Tools Vibration
Monitoring. Appl. Sci. 2016, 6, 201. [CrossRef]

6. IEC Website. Available online: https://webstore.iec.ch (accessed on 1 July 2019).
7. Mike, EMC Practical Design. Available online: http://in.ncu.edu.tw/ncume_ee/emc9620142design.pdf

(accessed on 1 July 2019).
8. Kwon, S.Y.; Yoo, M. Evaluation of Dynamic Soil-Pile-Structure Interactive Behavior in Dry Sand by 3D

Numerical Simulation. Appl. Sci. 2019, 9, 2612. [CrossRef]
9. Kuo, M.-T.; Tsou, M.-C. Novel Frequency Swapping Technique for Conducted Electromagnetic Interference

Suppression in Power Converter Applications. Energies 2017, 10, 24. [CrossRef]
10. APREL Website. Available online: https://www.aprel.com/em-isight (accessed on 1 July 2019).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/electronics8070725
http://dx.doi.org/10.3390/electronics8030299
http://dx.doi.org/10.3390/app8040477
http://dx.doi.org/10.3390/s18051555
http://www.ncbi.nlm.nih.gov/pubmed/29757996
http://dx.doi.org/10.3390/app6070201
https://webstore.iec.ch
http://in.ncu.edu.tw/ncume_ee/emc9620142design.pdf
http://dx.doi.org/10.3390/app9132612
http://dx.doi.org/10.3390/en10010024
https://www.aprel.com/em-isight
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Theoretical Formulation 
	EMI Test Environment and Attention 
	EMI Validation Environment 
	EMI Site Configuration Map 
	EMI Verification Attention 

	Measurement Data and Experimental Results 
	HDMI Circuit Diagram and PCB Layout in This Paper 
	Experiment 1 
	Experiment 2 

	Conclusions 
	References

