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Professional Certificate in High Speed Digital Design

EMC/EMI Compliance

EMC/EMI Compliance Key Terms and Vocabulary

Electromagnetic Compatibility (EMC) and Electromagnetic Interference (EMI) are crucial concepts in the field
of high-speed digital design. Understanding the key terms and vocabulary associated with EMC/EMI
compliance is essential for designing electronic systems that meet regulatory requirements and operate
reliably in today's increasingly complex and noise-prone environments.

1. Electromagnetic Compatibility (EMC)

EMC refers to the ability of electronic devices and systems to operate in their intended electromagnetic
environment without causing or experiencing interference. In other words, EMC ensures that devices can
coexist and function properly in proximity to each other without negatively impacting their performance.
This includes both emissions (unintentional radiation) and immunity (resistance to external disturbances).

Example: A laptop computer that doesn't disrupt the operation of nearby wireless routers or cell phones
due to its EMC compliance.

2. Electromagnetic Interference (EMI)

EMI is the phenomenon where electromagnetic energy emitted by one electronic device interferes with the
operation of another device. This interference can lead to malfunctions, data corruption, or even complete
system failure if not properly controlled.

Example: A poorly shielded motor causing static on a nearby radio receiver is an instance of EMI.

3. Radiated Emissions

Radiated emissions are electromagnetic signals that are transmitted through the air from a device. These
emissions can interfere with other nearby electronic equipment if not properly managed through shielding,
filtering, or grounding techniques.

Example: A wireless router emitting radio waves that interfere with a nearby baby monitor is a case of
radiated emissions causing EMI.

4. Conducted Emissions

Conducted emissions are unwanted electromagnetic signals that travel along power lines, cables, or
conductive paths. These emissions can propagate through a system and cause interference with other
devices connected to the same power source or signal lines.

Example: A poorly designed power supply unit generating conducted emissions that disrupt the operation
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of a nearby audio amplifier.

5. Radiated Immunity

Radiated immunity refers to the ability of a device to withstand electromagnetic fields present in its
environment without experiencing malfunctions. Devices with high radiated immunity are less susceptible to
external interference and can operate reliably in noisy environments.

Example: A medical device with high radiated immunity that continues to function properly near MRI
machines without any adverse effects.

6. Conducted Immunity

Conducted immunity is the ability of a device to resist interference from conducted electromagnetic signals
present on power lines, data cables, or other conductive paths. Devices with high conducted immunity can
maintain their performance despite the presence of external noise.

Example: A control system for a factory machine that remains unaffected by conducted interference from
nearby electrical motors.

7. EMI Shielding

EMI shielding involves the use of materials or enclosures to contain electromagnetic energy emitted by a
device and prevent it from interfering with other equipment. Shielding can be achieved through metallic
enclosures, conductive coatings, or specialized materials that absorb or reflect electromagnetic waves.

Example: An aluminum enclosure used to shield sensitive electronic components from external
electromagnetic interference.

8. Grounding

Grounding is a fundamental technique used to establish a reference voltage level and provide a path for
unwanted electrical currents to flow safely to the earth. Proper grounding helps to reduce noise, improve
signal integrity, and enhance EMC performance in electronic systems.

Example: Connecting the metal chassis of a computer to a grounding rod to dissipate any static charges and
prevent EMI issues.

9. Crosstalk

Crosstalk is a form of interference where signals from one circuit unintentionally couple into adjacent
circuits, causing signal degradation or corruption. Crosstalk can occur through electromagnetic fields,
capacitive coupling, or inductive coupling between signal traces on a printed circuit board (PCB).

Example: High-speed data lines on a PCB inducing noise on nearby analog signal traces due to crosstalk.

10. Signal Integrity
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Signal integrity refers to the ability of a signal to propagate through a system without distortion,
attenuation, or interference. Maintaining signal integrity is crucial in high-speed digital design to ensure
accurate data transmission and reliable system performance.

Example: Ensuring that a high-speed serial data link maintains signal integrity over long distances by
minimizing reflections and impedance mismatches.

11. ESD Protection

ESD (Electrostatic Discharge) protection involves the implementation of measures to prevent damage to
electronic components caused by static electricity. ESD events can occur during handling, manufacturing, or
operation of electronic devices and can lead to permanent damage if not adequately protected against.

Example: Adding ESD diodes to the input/output ports of a microcontroller to safeguard against
electrostatic discharge from external sources.

12. Compliance Testing

Compliance testing involves evaluating electronic devices and systems to ensure they meet regulatory
standards and industry requirements for EMC/EMI performance. Testing may include radiated emissions
testing, conducted emissions testing, immunity testing, and other assessments to verify compliance with
applicable standards.

Example: Conducting FCC Part 15 testing on a new wireless device to ensure it meets the regulatory limits
for radiated emissions.

13. PCB Layout

PCB layout refers to the arrangement of components, traces, and signal paths on a printed circuit board.
Proper PCB layout is essential for minimizing EMI, reducing crosstalk, and maintaining signal integrity in
high-speed digital designs.

Example: Routing high-frequency clock signals on a PCB with controlled impedance traces to minimize
signal reflections and maintain signal integrity.

14. Filtering

Filtering involves the use of passive components such as capacitors, inductors, and resistors to attenuate
unwanted noise or interference in electronic circuits. Filters can be employed on power lines, signal lines, or
input/output ports to suppress EMI and improve EMC performance.

Example: Adding a low-pass filter to a motor drive circuit to reduce high-frequency noise and prevent
interference with other electronic devices.

15. EMC Directive

The EMC Directive is a European Union regulation that sets requirements for electromagnetic compatibility
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of electronic devices marketed within the EU. Compliance with the EMC Directive is mandatory for
manufacturers to ensure that their products do not cause harmful interference or are not susceptible to
external disturbances.

Example: Ensuring that electronic equipment sold in the EU complies with the EMC Directive by undergoing
EMC testing and obtaining the CE marking.

16. Faraday Cage

A Faraday cage is an enclosure made of conductive material that blocks external electromagnetic fields from
entering and internal electromagnetic fields from escaping. Faraday cages are used to shield sensitive
electronic equipment from EMI and maintain a controlled electromagnetic environment.

Example: Using a Faraday cage around a high-frequency test setup to prevent external interference and
ensure accurate measurements.

17. EMC Design Guidelines

EMC design guidelines are recommendations and best practices for designing electronic systems with
electromagnetic compatibility in mind. These guidelines cover aspects such as PCB layout, grounding,
shielding, filtering, and component placement to minimize EMI and ensure EMC compliance.

Example: Following industry-standard EMC design guidelines like those provided by the IEEE EMC Society to
optimize the EMC performance of a new product design.

18. Common Mode Noise

Common mode noise is unwanted electrical noise that appears simultaneously on both signal lines and
ground reference in a circuit. Common mode noise can result from external interference, improper
grounding, or unbalanced signal paths, leading to signal distortion and EMI issues.

Example: A power supply generating common mode noise that affects the operation of sensitive analog
sensors connected to the same power source.

19. Differential Mode Noise

Differential mode noise is unwanted electrical noise that appears between signal lines in a circuit. This type
of noise can be caused by electromagnetic interference, impedance mismatches, or poor signal routing,
leading to signal degradation and EMI problems.

Example: Differential mode noise on a high-speed data bus causing errors in data transmission due to
improper termination or routing.

20. EMC Testing Standards

EMC testing standards are documents that outline the procedures, requirements, and limits for evaluating
the electromagnetic compatibility of electronic devices. These standards, such as CISPR, IEC, and FCC
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guidelines, provide a framework for conducting EMC tests and assessing compliance with regulatory
requirements.

Example: Referencing the CISPR 22 standard for conducted emissions testing to ensure that a new
electronic product meets the specified limits for electromagnetic interference.

21. Shielding Effectiveness

Shielding effectiveness is a measure of the ability of a shield or enclosure to attenuate electromagnetic
fields and prevent them from penetrating or escaping. Higher shielding effectiveness indicates better
containment of electromagnetic energy and reduced EMI risks for enclosed electronic devices.

Example: Using a shielded enclosure with high shielding effectiveness to protect sensitive RF circuits from
external interference sources.

22. EMC Simulation

EMC simulation involves using software tools to model and analyze electromagnetic interactions within
electronic systems. Simulation can help designers predict EMI issues, optimize EMC performance, and
identify potential problems before physical prototyping and testing.

Example: Running an EMC simulation on a PCB design to evaluate signal integrity, crosstalk, and radiated
emissions before fabrication to ensure compliance with EMC requirements.

23. Compliance Labeling

Compliance labeling involves affixing labels or markings on electronic devices to indicate their compliance
with EMC regulations and standards. Compliance labels provide information to users, regulators, and
manufacturers about the EMC performance of a product and its suitability for use in different environments.

Example: Displaying the FCC logo on a wireless router to signify that it has been tested and certified to meet
the FCC Part 15 requirements for radiated emissions.

24. EMI Suppression

EMI suppression refers to the techniques and components used to reduce electromagnetic interference in
electronic circuits. Suppression methods include filtering, shielding, grounding, layout optimization, and
component selection to minimize EMI sources and improve system EMC performance.

Example: Installing ferrite beads on signal lines to suppress high-frequency noise and prevent EMI issues in
a digital communication system.

25. Harmonic Distortion

Harmonic distortion is the presence of unwanted harmonics or multiples of the fundamental frequency in a
signal. Harmonic distortion can result from nonlinearities in electronic circuits, impedance mismatches, or
interference, leading to signal degradation and EMI problems.
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Example: A power amplifier producing harmonic distortion that causes interference on nearby radio
receivers due to spurious emissions at harmonic frequencies.

26. EMC Troubleshooting

EMC troubleshooting involves identifying and resolving electromagnetic compatibility issues in electronic
systems. Troubleshooting may include analyzing EMI sources, conducting measurements, implementing
corrective measures, and retesting to ensure compliance with EMC requirements.

Example: Using spectrum analyzers and near-field probes to pinpoint the source of radiated emissions in a
PCB design and applying shielding or filtering solutions to mitigate the interference.

27. Immunity Testing

Immunity testing evaluates the ability of electronic devices to withstand electromagnetic disturbances
without malfunctions. Immunity tests subject devices to controlled electromagnetic fields, electrostatic
discharges, and conducted transients to assess their resilience to external interference and ensure reliable
operation in noisy environments.

Example: Subjecting a medical device to radiated immunity testing to verify its performance in the presence
of RF interference from nearby wireless communication systems.

28. EMC Compliance Certificate

An EMC compliance certificate is a document issued by a testing laboratory or certification body to confirm
that an electronic device meets the regulatory requirements for electromagnetic compatibility. The
certificate serves as proof of compliance with EMC standards and may be required for product certification,
import/export, or marketing purposes.

Example: Providing an EMC compliance certificate along with a product datasheet to demonstrate that a
new electronic device has passed the necessary EMC tests and complies with industry standards.

29. EMC Directive Conformity Assessment

EMC Directive conformity assessment is a process for verifying that electronic devices comply with the
requirements of the EMC Directive before they can be placed on the European market. Conformity
assessment involves testing, documentation review, and certification by authorized bodies to ensure that
products meet the essential EMC requirements.

Example: Submitting a comprehensive EMC test report and technical documentation to a notified body for
evaluation and certification of compliance with the EMC Directive.

30. EMC Filter Design

EMC filter design involves the selection and configuration of passive components to suppress unwanted
electromagnetic interference in electronic circuits. EMC filters can be designed for power lines, signal lines,
or input/output ports to reduce conducted emissions, improve immunity, and enhance system EMC
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performance.

Example: Designing a custom EMC filter with capacitors and inductors to attenuate high-frequency noise on
a power supply line and prevent EMI issues in a sensitive audio system.

31. EMC Control Plan

An EMC control plan outlines the strategies, procedures, and measures to manage electromagnetic
compatibility issues throughout the product development lifecycle. The control plan includes EMC
requirements, design guidelines, testing protocols, and corrective actions to ensure that electronic devices
meet EMC standards and regulatory demands.

Example: Implementing an EMC control plan that incorporates EMI analysis at each design stage, EMC
testing before production, and post-production EMC verification to maintain compliance with industry
regulations.

32. EMC Directive Declaration of Conformity

An EMC Directive Declaration of Conformity is a formal statement issued by the manufacturer declaring that
a product complies with the essential requirements of the EMC Directive. The declaration of conformity
includes details of the product, identification of the EMC standards applied, and the manufacturer's
responsibility for ensuring EMC compliance.

Example: Signing and submitting an EMC Directive Declaration of Conformity for a new electronic device to
affirm that it meets the EMC requirements specified in the directive and is safe for use within the European
Economic Area.

33. EMC Test Equipment

EMC test equipment includes instruments and tools used to perform electromagnetic compatibility tests on
electronic devices. Common EMC test equipment includes spectrum analyzers, EMI receivers, transient
generators, conducted immunity test systems, and near-field probes for measuring emissions and immunity
characteristics.

Example: Using an EMC test chamber equipped with an EMI receiver and a spectrum analyzer to conduct
radiated emissions testing on a wireless communication module and assess its compliance with FCC
regulations.

34. EMC Management System

An EMC management system is a structured approach to integrating electromagnetic compatibility
considerations into the design, manufacturing, and testing processes of electronic products. The
management system includes policies, procedures, training, and resources to ensure that EMC requirements
are met consistently and efficiently.

Example: Establishing an EMC management system based on ISO 9001 and IEC 61000 standards to
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streamline EMC compliance efforts, improve product quality, and enhance customer satisfaction with
electronic devices.

35. EMC Shielding Design

EMC shielding design involves the selection, placement, and optimization of shielding materials and
enclosures to contain electromagnetic emissions and prevent interference in electronic systems. Shielding
design considerations include material conductivity, thickness, geometry, and grounding to achieve
effective EMI suppression and maintain system EMC performance.

Example: Designing a custom metal enclosure with conductive gaskets and EMI filters to shield a sensitive
RF module from external electromagnetic interference sources and ensure reliable wireless communication.

36. EMC Risk Assessment

EMC risk assessment is a process for identifying, analyzing, and mitigating potential electromagnetic
compatibility risks in electronic systems. The assessment evaluates EMI sources, vulnerabilities,
consequences, and likelihood of interference to develop risk mitigation strategies and ensure that products
meet EMC requirements.

Example: Conducting an EMC risk assessment for a medical device to evaluate the impact of
electromagnetic interference on patient safety, device performance, and regulatory compliance and
implementing shielding and filtering solutions to minimize EMI risks.

37. EMC Design Review

An EMC design review is a structured evaluation of electronic system designs to identify potential
electromagnetic compatibility issues and ensure compliance with EMC requirements. The design review
involves assessing PCB layouts, grounding schemes, shielding strategies, filtering components, and signal
integrity measures to optimize EMC performance and minimize EMI risks.

Example: Conducting an EMC design review meeting with cross-functional teams to review the schematic,
layout, and test plans for a new product design and address any EMI concerns or compliance gaps before
proceeding to prototyping.

38. EMC Training Program

An EMC training program provides education and guidance on electromagnetic compatibility principles,
regulations, standards, and best practices to engineers, designers, technicians, and managers involved in
electronic product development. The training program covers topics such as EMI sources, EMC testing,
shielding techniques, filter design, and compliance requirements to enhance EMC knowledge and skills.

Example: Enrolling in an online EMC training program offered by a professional organization or certification
body to learn about the latest EMC trends, technologies, and tools for designing EMC-compliant electronic
systems and passing industry certification exams.
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39. EMC Directive Enforcement

EMC Directive enforcement refers to the implementation of regulatory measures to ensure that electronic
devices comply with the essential requirements of the EMC Directive. Enforcement actions may include
market surveillance, product testing, certification audits, and penalties for non-compliance to uphold EMC
standards and protect users from harmful electromagnetic interference.

Example: Conducting random inspections of electronic products in the EU market to verify their EMC
compliance, labeling, and documentation and taking enforcement actions against manufacturers who fail to
meet the EMC Directive requirements or endanger public safety with non-compliant devices.

40. EMC Risk Management Plan

An EMC risk management plan outlines the procedures, responsibilities, and controls for identifying,
assessing, and mitigating electromagnetic compatibility risks in electronic products. The risk management
plan includes risk identification, analysis, evaluation, treatment, monitoring, and communication strategies
to ensure that EMC risks are managed effectively and that products meet regulatory requirements.

Example: Developing an EMC risk management plan for a new automotive electronic control unit to assess
the impact of electromagnetic interference on vehicle safety, performance, and compliance with EMC
standards and implementing shielding, filtering, and grounding solutions to minimize EMI risks and ensure
EMC compliance.

41. EMC Compliance Software

EMC compliance software includes tools and applications used to analyze, simulate, and validate
electromagnetic compatibility characteristics of electronic systems. EMC software can model EMI sources,
predict interference effects, optimize EMC design, and assess compliance with EMC standards to streamline
product development, testing, and certification processes.

Example: Using an EMC compliance software package to simulate radiated emissions, conducted immunity,
and crosstalk effects in a PCB design, optimize grounding, shielding, and filtering solutions, and generate
test reports for EMC testing labs to ensure compliance with regulatory requirements.

42. EMC Directive Harmonized Standards

EMC Directive harmonized standards are technical specifications developed by recognized standardization
bodies that provide guidelines for demonstrating compliance with the essential requirements of the EMC
Directive. Harmonized standards establish test methods, limits, and procedures for assessing
electromagnetic compatibility of electronic devices and facilitate market access by ensuring uniform
interpretation and application of EMC requirements across the EU member states.

Example: Referring to the EN 55032 harmonized standard for multimedia equipment to determine the
radiated emissions limits, test setups, and measurement procedures required for EMC testing and
certification of audio, video, and information technology products in the European market.
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43. EMC Compliance Documentation

EMC compliance documentation includes records, reports, and certificates generated during the testing,
evaluation, and certification of electronic products for electromagnetic compatibility. Compliance
documentation comprises test plans, test results, EMC test reports, EMC certificates, declarations of
conformity, technical files, and other evidence of EMC compliance to demonstrate
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