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testing	(radiated	emissions	and	immunity).	The	furniture	has	to	be	made	of	wood	or	plastic,	not	metal.	Log-periodic	antenna	measurement	for	outdoors	Electromagnetic	compatibility	(EMC)	is	the	ability	of	electrical	equipment	and	systems	to	function	acceptably	in	their	electromagnetic	environment,	by	limiting	the	unintentional	generation,
propagation	and	reception	of	electromagnetic	energy	which	may	cause	unwanted	effects	such	as	electromagnetic	interference	(EMI)	or	even	physical	damage	to	operational	equipment.[1][2]	The	goal	of	EMC	is	the	correct	operation	of	different	equipment	in	a	common	electromagnetic	environment.	It	is	also	the	name	given	to	the	associated	branch	of
electrical	engineering.	EMC	pursues	three	main	classes	of	issue.	Emission	is	the	generation	of	electromagnetic	energy,	whether	deliberate	or	accidental,	by	some	source	and	its	release	into	the	environment.	EMC	studies	the	unwanted	emissions	and	the	countermeasures	which	may	be	taken	in	order	to	reduce	unwanted	emissions.	The	second	class,
susceptibility,	is	the	tendency	of	electrical	equipment,	referred	to	as	the	victim,	to	malfunction	or	break	down	in	the	presence	of	unwanted	emissions,	which	are	known	as	Radio	frequency	interference	(RFI).	Immunity	is	the	opposite	of	susceptibility,	being	the	ability	of	equipment	to	function	correctly	in	the	presence	of	RFI,	with	the	discipline	of
"hardening"	equipment	being	known	equally	as	susceptibility	or	immunity.	A	third	class	studied	is	coupling,	which	is	the	mechanism	by	which	emitted	interference	reaches	the	victim.	Interference	mitigation	and	hence	electromagnetic	compatibility	may	be	achieved	by	addressing	any	or	all	of	these	issues,	i.e.,	quieting	the	sources	of	interference,
inhibiting	coupling	paths	and/or	hardening	the	potential	victims.	In	practice,	many	of	the	engineering	techniques	used,	such	as	grounding	and	shielding,	apply	to	all	three	issues.	The	earliest	EMC	issue	was	lightning	strike	(lightning	electromagnetic	pulse,	or	LEMP)	on	ships	and	buildings.	Lightning	rods	or	lightning	conductors	began	to	appear	in	the
mid-18th	century.	With	the	advent	of	widespread	electricity	generation	and	power	supply	lines	from	the	late	19th	century	on,	problems	also	arose	with	equipment	short-circuit	failure	affecting	the	power	supply,	and	with	local	fire	and	shock	hazard	when	the	power	line	was	struck	by	lightning.	Power	stations	were	provided	with	output	circuit	breakers.
Buildings	and	appliances	would	soon	be	provided	with	input	fuses,	and	later	in	the	20th	century	miniature	circuit	breakers	(MCB)	would	come	into	use.	It	may	be	said	that	radio	interference	and	its	correction	arose	with	the	first	spark-gap	experiment	of	Marconi	in	the	late	1800s.[3]	As	radio	communications	developed	in	the	first	half	of	the	20th
century,	interference	between	broadcast	radio	signals	began	to	occur	and	an	international	regulatory	framework	was	set	up	to	ensure	interference-free	communications.	Switching	devices	became	commonplace	through	the	middle	of	the	20th	century,	typically	in	petrol	powered	cars	and	motorcycles	but	also	in	domestic	appliances	such	as
thermostats	and	refrigerators.	This	caused	transient	interference	with	domestic	radio	and	(after	World	War	II)	TV	reception,	and	in	due	course	laws	were	passed	requiring	the	suppression	of	such	interference	sources.	ESD	problems	first	arose	with	accidental	electric	spark	discharges	in	hazardous	environments	such	as	coal	mines	and	when	refuelling
aircraft	or	motor	cars.	Safe	working	practices	had	to	be	developed.	After	World	War	II	the	military	became	increasingly	concerned	with	the	effects	of	nuclear	electromagnetic	pulse	(NEMP),	lightning	strike,	and	even	high-powered	radar	beams,	on	vehicle	and	mobile	equipment	of	all	kinds,	and	especially	aircraft	electrical	systems.	When	high	RF
emission	levels	from	other	sources	became	a	potential	problem	(such	as	with	the	advent	of	microwave	ovens),	certain	frequency	bands	were	designated	for	Industrial,	Scientific	and	Medical	(ISM)	use,	allowing	emission	levels	limited	only	by	thermal	safety	standards.	Later,	the	International	Telecommunication	Union	adopted	a	Recommendation
providing	limits	of	radiation	from	ISM	devices	in	order	to	protect	radiocommunications.	A	variety	of	issues	such	as	sideband	and	harmonic	emissions,	broadband	sources,	and	the	ever-increasing	popularity	of	electrical	switching	devices	and	their	victims,	resulted	in	a	steady	development	of	standards	and	laws.	From	the	late	1970s,	the	popularity	of
modern	digital	circuitry	rapidly	grew.	As	the	technology	developed,	with	ever-faster	switching	speeds	(increasing	emissions)	and	lower	circuit	voltages	(increasing	susceptibility),	EMC	increasingly	became	a	source	of	concern.	Many	more	nations	became	aware	of	EMC	as	a	growing	problem	and	issued	directives	to	the	manufacturers	of	digital
electronic	equipment,	which	set	out	the	essential	manufacturer	requirements	before	their	equipment	could	be	marketed	or	sold.	Organizations	in	individual	nations,	across	Europe	and	worldwide,	were	set	up	to	maintain	these	directives	and	associated	standards.	In	1979,	the	American	FCC	published	a	regulation	that	required	the	electromagnetic
emissions	of	all	"digital	devices"	to	be	below	certain	limits.[3]	This	regulatory	environment	led	to	a	sharp	growth	in	the	EMC	industry	supplying	specialist	devices	and	equipment,	analysis	and	design	software,	and	testing	and	certification	services.	Low-voltage	digital	circuits,	especially	CMOS	transistors,	became	more	susceptible	to	ESD	damage	as
they	were	miniaturised	and,	despite	the	development	of	on-chip	hardening	techniques,	a	new	ESD	regulatory	regime	had	to	be	developed.	From	the	1980s	on	the	explosive	growth	in	mobile	communications	and	broadcast	media	channels	put	huge	pressure	on	the	available	airspace.	Regulatory	authorities	began	squeezing	band	allocations	closer	and
closer	together,	relying	on	increasingly	sophisticated	EMC	control	methods,	especially	in	the	digital	communications	domain,	to	keep	cross-channel	interference	to	acceptable	levels.	Digital	systems	are	inherently	less	susceptible	than	analogue	systems,	and	also	offer	far	easier	ways	(such	as	software)	to	implement	highly	sophisticated	protection	and
error-correction	measures.	In	1985,	the	USA	released	the	ISM	bands	for	low-power	mobile	digital	communications,	leading	to	the	development	of	Wi-Fi	and	remotely-operated	car	door	keys.	This	approach	relies	on	the	intermittent	nature	of	ISM	interference	and	use	of	sophisticated	error-correction	methods	to	ensure	lossless	reception	during	the
quiet	gaps	between	any	bursts	of	interference.	"Electromagnetic	interference"	(EMI)	is	defined	as	the	"degradation	in	the	performance	of	equipment	or	transmission	channel	or	a	system	caused	by	an	electromagnetic	disturbance"	(IEV	161-01-06)	while	"electromagnetic	disturbance"	is	defined	as	"an	electromagnetic	phenomenon	that	can	degrade	the
performance	of	a	device,	equipment	or	system,	or	adversely	affect	living	or	inert	matter	(IEV	161-01-05).	The	terms	"electromagnetic	disturbance"	and	"electromagnetic	interference"	designate	respectively	the	cause	and	the	effect,[1]	Electromagnetic	compatibility	(EMC)	is	an	equipment	characteristic	or	property	and	is	defined	as	"	the	ability	of
equipment	or	a	system	to	function	satisfactorily	in	its	electromagnetic	environment	without	introducing	intolerable	electromagnetic	disturbances	to	anything	in	that	environment	"	(IEV	161-01-07).[1]	EMC	ensures	the	correct	operation,	in	the	same	electromagnetic	environment,	of	different	equipment	items	which	use	or	respond	to	electromagnetic
phenomena,	and	the	avoidance	of	any	interference.	Another	way	of	saying	this	is	that	EMC	is	the	control	of	EMI	so	that	unwanted	effects	are	prevented.	Besides	understanding	the	phenomena	in	themselves,	EMC	also	addresses	the	countermeasures,	such	as	control	regimes,	design	and	measurement,	which	should	be	taken	in	order	to	prevent
emissions	from	causing	any	adverse	effect.	Main	article:	Electromagnetic	interference	EMC	is	often	understood	as	the	control	of	electromagnetic	interference	(EMI).	Electromagnetic	interference	divides	into	several	categories	according	to	the	source	and	signal	characteristics.	The	origin	of	interference,	often	called	"noise"	in	this	context,	can	be
man-made	(artificial)	or	natural.	Continuous,	or	continuous	wave	(CW),	interference	comprises	a	given	range	of	frequencies.	This	type	is	naturally	divided	into	sub-categories	according	to	frequency	range,	and	as	a	whole	is	sometimes	referred	to	as	"DC	to	daylight".	One	common	classification	is	into	narrowband	and	broadband,	according	to	the
spread	of	the	frequency	range.	An	electromagnetic	pulse	(EMP),	sometimes	called	a	transient	disturbance,	is	a	short-duration	pulse	of	energy.	This	energy	is	usually	broadband	by	nature,	although	it	often	excites	a	relatively	narrow-band	damped	sine	wave	response	in	the	victim.	Pulse	signals	divide	broadly	into	isolated	and	repetitive	events.	This
section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	The	four	EMI	coupling	modes	When	a	source	emits	interference,	it	follows	a	route	to	the	victim	known	as	the	coupling	path.	There
are	four	basic	coupling	mechanisms:	conductive,	capacitive,	magnetic	or	inductive,	and	radiative.	Any	coupling	path	can	be	broken	down	into	one	or	more	of	these	coupling	mechanisms	working	together.	Conductive	coupling	occurs	when	the	coupling	path	between	the	source	and	victim	is	formed	by	direct	electrical	contact	with	a	conducting	body.
Capacitive	coupling	occurs	when	a	varying	electrical	field	exists	between	two	adjacent	conductors,	inducing	a	change	in	voltage	on	the	receiving	conductor.	Inductive	coupling	or	magnetic	coupling	occurs	when	a	varying	magnetic	field	exists	between	two	parallel	conductors,	inducing	a	change	in	voltage	along	the	receiving	conductor.	Radiative
coupling	or	electromagnetic	coupling	occurs	when	source	and	victim	are	separated	by	a	large	distance.	Source	and	victim	act	as	radio	antennas:	the	source	emits	or	radiates	an	electromagnetic	wave	which	propagates	across	the	space	in	between	and	is	picked	up	or	received	by	the	victim.	This	section	does	not	cite	any	sources.	Please	help	improve
this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	The	damaging	effects	of	electromagnetic	interference	pose	unacceptable	risks	in	many	areas	of	technology,	and	it	is	necessary	to	control	such	interference	and	reduce	the	risks	to
acceptable	levels.	The	control	of	electromagnetic	interference	(EMI)	and	assurance	of	EMC	comprises	a	series	of	related	disciplines:	Characterising	the	threat.	Setting	standards	for	emission	and	susceptibility	levels.	Design	for	standards	compliance.	Testing	for	standards	compliance.	The	risk	posed	by	the	threat	is	usually	statistical	in	nature,	so
much	of	the	work	in	threat	characterisation	and	standards	setting	is	based	on	reducing	the	probability	of	disruptive	EMI	to	an	acceptable	level,	rather	than	its	assured	elimination.	For	a	complex	or	novel	piece	of	equipment,	this	may	require	the	production	of	a	dedicated	EMC	control	plan	summarizing	the	application	of	the	above	and	specifying
additional	documents	required.	Characterisation	of	the	problem	requires	understanding	of:	The	interference	source	and	signal.	The	coupling	path	to	the	victim.	The	nature	of	the	victim	both	electrically	and	in	terms	of	the	significance	of	malfunction.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable
sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	A	TV	tuner	card	showing	many	small	bypass	capacitors	and	three	metal	shields:	the	PCI	bracket,	the	metal	box	with	two	coax	inputs,	and	the	shield	for	the	S-Video	connector	Breaking	a	coupling	path	is	equally	effective	at	either
the	start	or	the	end	of	the	path,	therefore	many	aspects	of	good	EMC	design	practice	apply	equally	to	potential	sources	and	to	potential	victims.	A	design	which	easily	couples	energy	to	the	outside	world	will	equally	easily	couple	energy	in	and	will	be	susceptible.	A	single	improvement	will	often	reduce	both	emissions	and	susceptibility.	Grounding	and
shielding	aim	to	reduce	emissions	or	divert	EMI	away	from	the	victim	by	providing	an	alternative,	low-impedance	path.	Techniques	include:	Grounding	or	earthing	schemes	such	as	star	earthing	for	audio	equipment	or	ground	planes	for	RF.	The	scheme	must	also	satisfy	safety	regulations.	Shielded	cables,	where	the	signal	wires	are	surrounded	by	an
outer	conductive	layer	that	is	grounded	at	one	or	both	ends.	Shielded	housings.	A	conductive	metal	housing	will	act	as	an	interference	shield.	In	order	to	access	the	interior,	such	a	housing	is	typically	made	in	sections	(such	as	a	box	and	lid);	an	RF	gasket	may	be	used	at	the	joints	to	reduce	the	amount	of	interference	that	leaks	through.	RF	gaskets
come	in	various	types.	A	plain	metal	gasket	may	be	either	braided	wire	or	a	flat	strip	slotted	to	create	many	springy	"fingers".	Where	a	waterproof	seal	is	required,	a	flexible	elastomeric	base	may	be	impregnated	with	chopped	metal	fibers	dispersed	into	the	interior	or	long	metal	fibers	covering	the	surface	or	both.	Other	general	measures	include:
Decoupling	or	filtering	at	critical	points	such	as	cable	entries	and	high-speed	switches,	using	RF	chokes	and/or	RC	elements.	A	line	filter	implements	these	measures	between	a	device	and	a	line.	Transmission	line	techniques	for	cables	and	wiring,	such	as	balanced	differential	signal	and	return	paths,	and	impedance	matching.	Avoidance	of	antenna
structures	such	as	loops	of	circulating	current,	resonant	mechanical	structures,	unbalanced	cable	impedances	or	poorly	grounded	shielding.	Eliminating	spurious	rectifying	junctions	that	can	form	between	metal	structures	around	and	near	transmitter	installations.	Such	junctions	in	combination	with	unintentional	antenna	structures	can	radiate
harmonics	of	the	transmitter	frequency.	Spread	spectrum	method	reduces	EMC	peaks.	Frequency	spectrum	of	the	heating	up	period	of	a	switching	power	supply	which	uses	the	spread	spectrum	method	incl.	waterfall	diagram	over	a	few	minutes	Additional	measures	to	reduce	emissions	include:	Avoid	unnecessary	switching	operations.	Necessary
switching	should	be	done	as	slowly	as	is	technically	possible.	Noisy	circuits	(e.	g.	with	a	lot	of	switching	activity)	should	be	physically	separated	from	the	rest	of	the	design.	High	peaks	at	single	frequencies	can	be	avoided	by	using	the	spread	spectrum	method,	in	which	different	parts	of	the	circuit	emit	at	different	frequencies.	Harmonic	wave	filters.
Design	for	operation	at	lower	signal	levels,	reducing	the	energy	available	for	emission.	Additional	measures	to	reduce	susceptibility	include:	Fuses,	trip	switches	and	circuit	breakers.	Transient	absorbers.	Design	for	operation	at	higher	signal	levels,	reducing	the	relative	noise	level	in	comparison.	Error-correction	techniques	in	digital	circuitry.	These
may	be	implemented	in	hardware,	software	or	a	combination	of	both.	Differential	signaling	or	other	common-mode	noise	techniques	for	signal	routing	Testing	is	required	to	confirm	that	a	particular	device	meets	the	required	standards.	It	is	divided	broadly	into	emissions	testing	and	susceptibility	testing.	Open-area	test	sites,	or	OATS,[4]	are	the
reference	sites	in	most	standards.	They	are	especially	useful	for	emissions	testing	of	large	equipment	systems.	However,	RF	testing	of	a	physical	prototype	is	most	often	carried	out	indoors,	in	a	specialized	EMC	test	chamber.	Types	of	the	chamber	include	anechoic,	reverberation	and	the	gigahertz	transverse	electromagnetic	cell	(GTEM	cell).
Sometimes	computational	electromagnetics	simulations	are	used	to	test	virtual	models.	Like	all	compliance	testing,	it	is	important	that	the	test	equipment,	including	the	test	chamber	or	site	and	any	software	used,	be	properly	calibrated	and	maintained.	Typically,	a	given	run	of	tests	for	a	particular	piece	of	equipment	will	require	an	EMC	test	plan
and	a	follow-up	test	report.	The	full	test	program	may	require	the	production	of	several	such	documents.	Emissions	are	typically	measured	for	radiated	field	strength	and	where	appropriate	for	conducted	emissions	along	cables	and	wiring.	Inductive	(magnetic)	and	capacitive	(electric)	field	strengths	are	near-field	effects	and	are	only	important	if	the
device	under	test	(DUT)	is	designed	for	a	location	close	to	other	electrical	equipment.	For	conducted	emissions,	typical	transducers	include	the	LISN	(line	impedance	stabilization	network)	or	AMN	(artificial	mains	network)	and	the	RF	current	clamp.	For	radiated	emission	measurement,	antennas	are	used	as	transducers.	Typical	antennas	specified
include	dipole,	biconical,	log-periodic,	double	ridged	guide	and	conical	log-spiral	designs.	Radiated	emissions	must	be	measured	in	all	directions	around	the	DUT.	Specialized	EMI	test	receivers	or	EMI	analyzers	are	used	for	EMC	compliance	testing.	These	incorporate	bandwidths	and	detectors	as	specified	by	international	EMC	standards.	An	EMI
receiver	may	be	based	on	a	spectrum	analyser	to	measure	the	emission	levels	of	the	DUT	across	a	wide	band	of	frequencies	(frequency	domain),	or	on	a	tunable	narrower-band	device	which	is	swept	through	the	desired	frequency	range.	EMI	receivers	along	with	specified	transducers	can	often	be	used	for	both	conducted	and	radiated	emissions.	Pre-
selector	filters	may	also	be	used	to	reduce	the	effect	of	strong	out-of-band	signals	on	the	front-end	of	the	receiver.	Some	pulse	emissions	are	more	usefully	characterized	using	an	oscilloscope	to	capture	the	pulse	waveform	in	the	time	domain.	Radiated	field	susceptibility	testing	typically	involves	a	high-powered	source	of	RF	or	EM	energy	and	a
radiating	antenna	to	direct	the	energy	at	the	potential	victim	or	device	under	test	(DUT).	Conducted	voltage	and	current	susceptibility	testing	typically	involves	a	high-powered	signal	generator,	and	a	current	clamp	or	other	type	of	transformer	to	inject	the	test	signal.	Transient	or	EMP	signals	are	used	to	test	the	immunity	of	the	DUT	against
powerline	disturbances	including	surges,	lightning	strikes	and	switching	noise.[5]	In	motor	vehicles,	similar	tests	are	performed	on	battery	and	signal	lines.[6][7]	The	transient	pulse	may	be	generated	digitally	and	passed	through	a	broadband	pulse	amplifier,	or	applied	directly	to	the	transducer	from	a	specialized	pulse	generator.	Electrostatic
discharge	testing	is	typically	performed	with	a	piezo	spark	generator	called	an	"ESD	pistol".	Higher	energy	pulses,	such	as	lightning	or	nuclear	EMP	simulations,	can	require	a	large	current	clamp	or	a	large	antenna	which	completely	surrounds	the	DUT.	Some	antennas	are	so	large	that	they	are	located	outdoors,	and	care	must	be	taken	not	to	cause
an	EMP	hazard	to	the	surrounding	environment.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	Several	organizations,	both	national	and	international,	work	to	promote
international	co-operation	on	standardization	(harmonization),	including	publishing	various	EMC	standards.	Where	possible,	a	standard	developed	by	one	organization	may	be	adopted	with	little	or	no	change	by	others.	This	helps	for	example	to	harmonize	national	standards	across	Europe.	International	standards	organizations	include:	International
Electrotechnical	Commission	(IEC),	which	has	several	committees	working	full-time	on	EMC	issues.	These	are:	Technical	Committee	77	(TC77),	working	on	electromagnetic	compatibility	between	equipment	including	networks.	Comité	International	Spécial	des	Perturbations	Radioélectriques	(CISPR),	or	International	Special	Committee	on	Radio
Interference.	The	Advisory	Committee	on	Electromagnetic	Compatibility	(ACEC)	co-ordinates	the	IEC's	work	on	EMC	between	these	committees.	International	Organization	for	Standardization	(ISO),	which	publishes	standards	for	the	automotive	industry.	Among	the	main	national	organizations	are:	Europe:	Comité	Européen	de	Normalisation	(CEN)
or	European	Committee	for	Standardization).	Comité	Européen	de	Normalisation	Electrotechniques	(CENELEC)	or	European	Committee	for	Electrotechnical	Standardisation.	European	Telecommunications	Standards	Institute	(ETSI).	United	States:	The	Federal	Communications	Commission	(FCC).	The	Society	of	Automotive	Engineers	(SAE).	The
Radio	Technical	Commission	for	Aeronautics	(RTCA);	see	DO-160	Britain:	The	British	Standards	Institution	(BSI).	Germany:	The	Verband	der	Elektrotechnik,	Elektronik	und	Informationstechnik	(VDE)	or	Association	for	Electrical,	Electronic	and	Information	Technologies.	Compliance	with	national	or	international	standards	is	usually	laid	down	by	laws
passed	by	individual	nations.	Different	nations	can	require	compliance	with	different	standards.	In	European	law,	EU	directive	2014/30/EU	(previously	2004/108/EC)	on	EMC	defines	the	rules	for	the	placing	on	the	market/putting	into	service	of	electric/electronic	equipment	within	the	European	Union.	The	Directive	applies	to	a	vast	range	of
equipment	including	electrical	and	electronic	appliances,	systems	and	installations.	Manufacturers	of	electric	and	electronic	devices	are	advised	to	run	EMC	tests	in	order	to	comply	with	compulsory	CE-labeling.	More	are	given	in	the	list	of	EMC	directives.	Compliance	with	the	applicable	harmonised	standards	whose	reference	is	listed	in	the	OJEU
under	the	EMC	Directive	gives	presumption	of	conformity	with	the	corresponding	essential	requirements	of	the	EMC	Directive.	In	2019,	the	USA	adopted	a	program	for	the	protection	of	critical	infrastructure	against	an	electromagnetic	pulse,	whether	caused	by	a	geomagnetic	storm	or	a	high-altitude	nuclear	weapon.[8]	Conducted	electromagnetic
interference	Crosstalk	IEEE	Electromagnetic	Compatibility	Society	International	Commission	on	Non-Ionizing	Radiation	Protection	(ICNIRP)	List	of	common	EMC	test	standards	Television	interference	^	a	b	c	"Electromagnetic	compatibility	/	Basic	concepts".	IEC/	Electropedia:	The	World's	Online	Electrotechnical	Vocabulary.	Retrieved	2022-04-30.	^
DIN	EN	61000-2-2	VDE	0839-2-2:2003-02	-	Electromagnetic	compatibility	(EMC).	VDE.	2003.	^	a	b	Clayton,	Paul	(2008).	Introduction	to	electromagnetic	compatibility.	Wiley.	p.	10.	ISBN	978-81-265-2875-2.	^	"EMI/EMC	Testing".	discrete.co.in.	Retrieved	2024-07-24.	^	EMC	Testing	and	Standards	in	Transient	Immunity	Testing,	RF	Immunity.
Electronics-project-design.com.	Retrieved	on	2011-07-19.	^	ISO	7637-2:2004/Amd	1:2008.	Iso.org	(2011-03-01).	Retrieved	on	2011-07-19.	^	ISO	7637-3:2007	–	Road	vehicles	–	Electrical	disturbances	from	conduction	and	coupling	–	Part	3:	Electrical	transient	transmission	by	capacitive	and	inductive	coupling	via	lines	other	than	supply	lines.	Iso.org
(2010-09-06).	Retrieved	on	2011-07-19.	^		This	article	incorporates	public	domain	material	from	Executive	Order	on	Coordinating	National	Resilience	to	Electromagnetic	Pulses.	United	States	government.	The	Wikibook	Practical	Electronics	has	a	page	on	the	topic	of:	EMC	design	guidelines	EMC-Directive	European	Commission	–	Harmonised
standards	for	EMC	What	is	EMC?	YouTube	video.	Introduction	to	EMC	Basics	in	EMC/EMI	and	Powerquality	Analog,	RF	and	EMC	Considerations	in	Printed	Wiring	Board	(PWB)	Design	Application	Note:	Design	for	EMC	Compliance	Design	for	EMC	-	Effects	of	Via	Slots,	Split	Planes,	Gaps	and	Return	Paths	on	Clock	Signal	Archived	2015-09-07	at	the
Wayback	Machine	EMC	engineering	practices	for	panel	builders	EMC	Resources	(Clemson	University)	Retrieved	from	"	Today's	rapid	development	cycles	require	products	to	meet	their	EMC	requirements	the	first	time	they	come	into	the	lab	for	testing.	Board	layout	changes	and	other	EMC	"fixes"	can	significantly	add	to	the	cost	of	a	product	and/or
delay	its	development	schedule.	First-pass	compliance	with	EMC	requirements	starts	with	the	circuit	board	layout.	Printed	circuit	board	layout	is	often	the	single	most	important	factor	affecting	the	electromagnetic	compatibility	of	electronic	systems.	Boards	that	are	auto-routed	or	laid	out	according	to	a	list	of	“design	rules”	do	not	usually	meet
electromagnetic	compatibility	requirements	on	the	first	pass;	and	the	products	using	these	boards	are	more	likely	to	require	expensive	fixes	such	as	ferrites	on	cables	or	shielded	enclosures.	Taking	the	time	to	ensure	that	components	are	properly	placed,	transition	times	are	not	left	to	chance,	and	traces	are	optimally	routed	will	generally	result	in
products	that	meet	all	electromagnetic	compatibility	and	signal	integrity	requirements	on	time	and	on	budget.	Recognizing	poor	design	features	early	in	a	product’s	development	can	save	a	lot	of	time	and	expense	later	on.	This	course	stresses	the	fundamental	concepts	and	tools	that	board	designers	must	be	familiar	with	to	avoid	electromagnetic
compatibility	and	signal	integrity	problems.	Students	completing	the	course	will	be	able	to	make	good	decisions	regarding	component	selection,	component	placement,	and	trace	routing.	In	addition,	students	will	have	the	knowledge	and	tools	necessary	to	design	effective	power	distribution	and	grounding	strategies	for	both	digital	and	mixed-signal
boards.		Course	Outline	Power	Electronics	Design	for	Electromagnetic	Compatibility	This	course	covers	fundamental	and	advanced	design	concepts	related	to	the	design	of	power	electronic	circuits	for	meeting	electromagnetic	compatibility	requirements.	In	the	morning	session,	basic	power	electronic	circuit	topologies	and	applications	are	reviewed
with	a	focus	on	the	fundamental	properties	of	these	circuits	that	result	in	unwanted	conducted	and	radiated	emissions.	Noise	source	models	are	presented,	and	various	noise	mitigation	options	are	examined.	The	focus	of	the	afternoon	session	is	on	advanced	design	concepts	including	grounding	strategies,	component	selection	and	placement,	and
methods	for	maintaining	electrical	balance.	Active	noise	cancellation	techniques	applicable	in	various	situations	are	also	presented.	Finally,	examples	of	good	and	bad	power	circuit	designs	ranging	from	low-voltage	DC-to-DC	converters	to	700-volt	electric	vehicle	motor	drives	are	reviewed.	Course	Outline	The	Physics	of	Electromagnetic	Compatibility
Measurements	This	course	reviews	the	equipment,	test	set-ups	and	primary	coupling	mechanisms	associated	with	each	of	the	major	electromagnetic	compatibility	tests.	The	goal	of	the	course	is	to	provide	a	basic	understanding	of	the	physics	involved	in	order	to	make	better,	more	meaningful	and	more	repeatable	measurements.	The	primary	EMC
tests	covered	by	this	course	are	Conducted	and	Radiated	Emissions,	Radiated	Immunity,	Bulk	Current	Injection,	Electrical	Fast	Transient	testing	and	Electrostatic	Discharge	testing.	Other	EMC	tests	such	as	Lightning	Immunity,	Magnetic	Field	Emissions	and	Power	Disturbance	tests	will	also	be	discussed.	Commercial,	automotive	and	military	EMC
test	procedures	in	each	of	these	categories	will	be	reviewed.	While	the	course	will	refer	to	industry	standard	tests,	the	focus	is	on	the	general	physics,	not	the	specific	requirements	of	any	given	standard.	For	each	EMC	test,	the	course	reviews	the	test	equipment,	test	settings	and	set-up	parameters	that	affect	the	measurement	results.	Basic	models	of
the	measurements	are	presented	that	help	test	engineers	and	technicians	understand	exactly	what	is	being	measured.	These	models	illustrate	how	sometimes	seemingly	minor	decisions	related	to	the	test	set-up	can	significantly	affect	the	results	of	a	measurement.	Course	Outline	Computer	Modeling	Tools	for	Electromagnetic	Compatibility	Computer
modeling	has	become	an	important	part	of	the	design	process	for	electronic	systems.	This	course	reviews	the	latest	computer	modeling	tools	and	techniques	available	to	help	engineers	design	products	that	comply	with	electromagnetic	compatibility	requirements.	The	course	covers	electromagnetic	modeling	codes,	circuit	solvers,	rule	checkers,
analytical	modeling	tools,	web-based	calculators	and	apps.	Plenty	of	examples	demonstrating	the	application	of	various	modeling	tools	to	real-world	EMC	design	problems	are	provided.	Students	completing	the	course	will	be	aware	of	the	tools	available	to	them	and	able	to	make	good	decisions	regarding	the	tools	that	are	appropriate	for	their	needs.
Course	Outline	Explore	the	four	key	techniques	of	electromagnetic	compatibility:	Filtering,	Shielding,	Grounding,	and	Circuit	Design.	Ensure	your	device’s	optimal	performance.Understanding	Electromagnetic	Compatibility	TechniquesElectromagnetic	compatibility	(EMC)	is	a	crucial	aspect	of	electronic	and	electrical	system	design.	EMC	ensures	that
different	electronic	devices	can	operate	compatibly	in	the	same	electromagnetic	environment	without	interfering	with	each	other.	This	article	will	explore	four	common	electromagnetic	compatibility	techniques:	Filtering,	Shielding,	Grounding,	and	Circuit	Design.1.	FilteringFiltering	is	an	essential	technique	to	suppress	electromagnetic	interference
(EMI).	Filters	are	primarily	used	to	block	high-frequency	signals	while	permitting	low-frequency	signals	to	pass.	They’re	utilized	in	various	electronics	to	control	noise	and	prevent	unwanted	signals	from	entering	or	leaving	the	device.2.	ShieldingShielding	is	another	common	method	of	managing	EMI.	It	involves	the	use	of	conductive	materials	to
enclose	a	device	or	system,	thereby	preventing	unwanted	electromagnetic	fields	from	affecting	it.	Shielding	can	be	applied	to	an	entire	device,	individual	components,	or	cables,	reducing	the	impact	of	both	incoming	and	outgoing	interference.3.	GroundingGrounding,	or	Earthing,	is	a	fundamental	EMC	technique	where	a	direct	physical	connection	to
the	Earth	is	established.	It	serves	to	provide	a	common	reference	point	for	voltages,	helping	to	minimize	EMI.	Proper	grounding	can	prevent	electrical	shock	hazards	and	reduce	noise	levels	in	signal	and	power	lines.4.	Circuit	DesignCircuit	design	plays	a	significant	role	in	EMC.	Proper	layout	of	a	circuit,	including	component	placement,	routing	of
traces,	and	separation	of	digital	and	analog	sections,	can	help	minimize	EMI.	The	use	of	decoupling	capacitors,	minimizing	loop	areas,	and	considering	the	impedance	of	circuit	paths	are	all	aspects	of	EMC-conscious	circuit	design.In	conclusion,	the	application	of	these	four	techniques	ensures	that	a	device	or	system	can	function	without	causing	or
experiencing	interference	in	its	electromagnetic	environment.	Proper	electromagnetic	compatibility	is	essential	for	the	safe	and	reliable	operation	of	all	electronic	and	electrical	systems.	Ever	since	the	early	days	of	radio,	electrical	interference	from	the	wiring	harness	and	from	electrical	equipment	has	been	a	problem.	The	disturbances	can	propagate
through	the	air	as	radio	waves	or	travel	via	wires.	Electromagnetic	compatibility	(EMC)	is	about	the	ability	of	electrical	equipment	to	be	used	simultaneously	without	being	interfered	with	by	each	other.	EMC	is	therefore	also	a	quality	description,	in	line	with	reliability,	performance	or	other	requirements	that	are	placed	on	a	product.	In	short,
products	with	a	low	degree	of	EMC	will	mean	more	interference	than	it	will	for	products	with	a	high	degree	of	EMC.	Where	is	EMC	experienced?	Because	we	increasingly	surround	ourselves	with	equipment	that	contains	active	electronics,	the	problem	of	such	interference	can	increase	in	scope.	Modern	active	houses	can	be	exposed	to	disturbances
from	various	sources,	both	inside	and	outside	the	house.	Typical	interference	is	DAB	radios	that	drop	out	when	LED	lights	come	on,	or	lights	that	start	flashing	when	the	automatic	electricity	meter	sends	a	reading.	Electronics	in	infrastructure	and	larger	structures	may	also	be	at	risk.	For	example,	the	LED	lighting	system	at	Rockheim	in	Trondheim
has	disrupted	the	approach	systems	at	Værnes	Airport.	We	have	also	seen	examples	of	lighting	in	tunnels	that	have	disrupted	and	blocked	the	emergency	network.	Who	works	with	EMC?	Manufacturers	of	electrical	appliances	and	equipment	work	extensively	with	EMC	issues	and	are	incorporating	increasingly	better	protection	against	such
disturbances	in	their	products.	Those	who	design	and	carry	out	installations	in	buildings	and	other	places	must	therefore	also	pay	greater	attention	to	the	EMC	problem,	which	the	examples	mentioned	underline.	DSB	is	the	Norwegian	authority	for	EMC.	If	you	have	experienced	an	unwanted	or	dangerous	incident	related	to	EMC,	we	would	like	to
hear	from	you.	Fill	out	and	send	us	your	message	of	concern.	Your	feedback	is	important	to	us	in	our	preventive	work.	Electromagnetic	compatibility	(EMC)	is	the	ability	of	electronic	devices	and	systems	to	function	correctly	in	their	intended	electromagnetic	environment	without	causing	or	suffering	negative	effects	from	electromagnetic	interference
(EMI).	EMC	is	a	crucial	factor	in	the	design	and	performance	of	electronic	products,	as	it	ensures	their	safe	and	reliable	operation	in	diverse	and	often	adverse	electromagnetic	environments.	EMC	encompasses	various	aspects	of	electronic	design,	including	the	prevention	of	emissions	of	electromagnetic	radiation	from	devices	and	circuits,	the
immunity	of	devices	to	EMI	from	external	sources,	and	the	mitigation	of	interference	between	different	electronic	systems	sharing	the	same	environment.	EMC	standards	and	regulations	set	the	limits	and	requirements	for	these	aspects,	and	manufacturers	must	comply	with	them	to	ensure	their	products	meet	the	necessary	performance	and	safety
levels.	Common	EMC	Issues	and	Challenges	EMC	issues	and	challenges	arise	from	the	increasing	complexity	and	diversity	of	electronic	devices	and	systems,	which	generate	and	are	susceptible	to	more	electromagnetic	emissions	and	interference	than	ever	before.	Common	EMC	issues	include	electromagnetic	emissions	from	power	supplies,	motors,
and	digital	circuits,	as	well	as	susceptibility	to	EMI	from	sources	such	as	lightning,	radio	waves,	and	power	surges.	EMC	challenges	also	arise	from	the	need	to	design	and	test	products	to	comply	with	a	myriad	of	international	and	industry-specific	standards	and	regulations.	These	standards	cover	a	wide	range	of	EMC	aspects,	including	emission
limits,	immunity	requirements,	test	procedures,	and	documentation.	Meeting	these	standards	and	complying	with	regulations	requires	a	comprehensive	understanding	of	EMC	principles	and	testing	methods,	as	well	as	access	to	specialized	testing	facilities	and	equipment.	Examples	of	EMC	Testing	and	Standards	EMC	testing	and	standards	are
essential	for	ensuring	the	safety	and	reliability	of	electronic	products	and	systems	in	diverse	and	harsh	electromagnetic	environments.	Examples	of	EMC	testing	procedures	include	conducted	and	radiated	emissions	testing,	immunity	testing,	electrostatic	discharge	testing,	and	electromagnetic	field	testing.	EMC	standards	and	regulations	vary	by
country	and	industry,	but	some	of	the	most	important	ones	include	the	International	Electrotechnical	Commission	(IEC)	standards,	the	Federal	Communications	Commission	(FCC)	rules,	the	European	Union	(EU)	directives,	and	the	Institute	of	Electrical	and	Electronics	Engineers	(IEEE)	standards.	These	standards	cover	different	aspects	of	EMC,	such
as	emission	and	immunity	requirements	for	various	frequency	bands,	safety	and	performance	criteria	for	specific	products	and	applications,	and	test	methods	and	procedures.	Tips	for	Ensuring	EMC	in	Product	Design	Ensuring	EMC	in	product	design	requires	a	systematic	and	proactive	approach	that	addresses	all	aspects	of	EMC,	from	the	early
stages	of	concept	and	schematic	design	to	the	final	stages	of	testing	and	certification.	Some	tips	for	achieving	EMC	in	product	design	include:	Understanding	the	EMC	requirements	and	standards	that	apply	to	the	product	and	the	intended	market	and	environment.	Incorporating	EMC	design	principles,	such	as	grounding,	shielding,	filtering,	and
layout	optimization,	into	the	circuit	and	system	design.	Conducting	EMC	testing	and	analysis	throughout	the	development	cycle,	using	both	in-house	and	external	resources	and	facilities.	Documenting	the	EMC	design	and	testing	process,	including	the	test	results,	to	demonstrate	compliance	and	facilitate	future	modifications	and	upgrades.	By
following	these	tips	and	adopting	a	comprehensive	and	proactive	EMC	approach,	designers	and	manufacturers	can	ensure	their	products	meet	the	necessary	performance	and	safety	levels	and	avoid	costly	and	time-consuming	EMC	issues	and	recalls.	Explore	the	four	key	techniques	of	electromagnetic	compatibility:	Filtering,	Shielding,	Grounding,
and	Circuit	Design.	Ensure	your	device’s	optimal	performance.Understanding	Electromagnetic	Compatibility	TechniquesElectromagnetic	compatibility	(EMC)	is	a	crucial	aspect	of	electronic	and	electrical	system	design.	EMC	ensures	that	different	electronic	devices	can	operate	compatibly	in	the	same	electromagnetic	environment	without	interfering
with	each	other.	This	article	will	explore	four	common	electromagnetic	compatibility	techniques:	Filtering,	Shielding,	Grounding,	and	Circuit	Design.1.	FilteringFiltering	is	an	essential	technique	to	suppress	electromagnetic	interference	(EMI).	Filters	are	primarily	used	to	block	high-frequency	signals	while	permitting	low-frequency	signals	to	pass.
They’re	utilized	in	various	electronics	to	control	noise	and	prevent	unwanted	signals	from	entering	or	leaving	the	device.2.	ShieldingShielding	is	another	common	method	of	managing	EMI.	It	involves	the	use	of	conductive	materials	to	enclose	a	device	or	system,	thereby	preventing	unwanted	electromagnetic	fields	from	affecting	it.	Shielding	can	be
applied	to	an	entire	device,	individual	components,	or	cables,	reducing	the	impact	of	both	incoming	and	outgoing	interference.3.	GroundingGrounding,	or	Earthing,	is	a	fundamental	EMC	technique	where	a	direct	physical	connection	to	the	Earth	is	established.	It	serves	to	provide	a	common	reference	point	for	voltages,	helping	to	minimize	EMI.
Proper	grounding	can	prevent	electrical	shock	hazards	and	reduce	noise	levels	in	signal	and	power	lines.4.	Circuit	DesignCircuit	design	plays	a	significant	role	in	EMC.	Proper	layout	of	a	circuit,	including	component	placement,	routing	of	traces,	and	separation	of	digital	and	analog	sections,	can	help	minimize	EMI.	The	use	of	decoupling	capacitors,
minimizing	loop	areas,	and	considering	the	impedance	of	circuit	paths	are	all	aspects	of	EMC-conscious	circuit	design.In	conclusion,	the	application	of	these	four	techniques	ensures	that	a	device	or	system	can	function	without	causing	or	experiencing	interference	in	its	electromagnetic	environment.	Proper	electromagnetic	compatibility	is	essential
for	the	safe	and	reliable	operation	of	all	electronic	and	electrical	systems.	Remember	the	old	saying	"a	picture	is	worth	a	thousand	words?"	The	EMCT	contains	over	1,600	images	including	animations,	photographs,	and	block	diagrams.	You	will	learn	faster	because	you’ll	remember	the	images	you’ve	seen	–	they	will	help	cement	the	concepts	in	your
mind.	Authors:	Yang	Zhao	0,	Wei	Yan	1,	Jun	Sun	2,	Mengxia	Zhou	3,	…	Zhaojuan	Meng	4	Highlights	principles	and	applications	of	electromagnetic	compatibility	(EMC)	Presents	the	generation	mechanisms	and	suppression	principles	of	electromagnetic	interference-related	problems	Provides	case	studies	and	solved	examples	for	practical	problem-
solving	7899	Accesses	4	Citations	Licence	this	eBook	for	your	library	Institutional	subscriptions	This	book	highlights	principles	and	applications	of	electromagnetic	compatibility	(EMC).	After	introducing	the	basic	concepts,	research	progress,	standardizations	and	limitations	of	EMC,	the	book	puts	emphasis	on	presenting	the	generation	mechanisms
and	suppression	principles	of	conducted	electromagnetic	interference	(EMI)	noise,	radiated	EMI	noise,	and	electromagnetic	susceptibility	(EMS)	problems	such	as	electrostatic	discharge	(ESD),	electric	fast	transient	(EFT)	and	surge.	By	showing	EMC	case	studies	and	solved	examples,	the	book	provides	effective	solutions	to	practical	engineering
problems.	Students	and	researchers	will	be	able	to	use	the	book	as	practical	reference	for	EMC-related	measurements	and	problem-	solution.	Dr.	Yang	ZHAO	is	Professor	at	School	of	Electrical	&	Automation	Engineering,	Nanjing	Normal	University,	and	Director	of	Jiangsu	Engineering	Key	Laboratory	of	Electrical	Equipment	and	Electromagnetic
Compatibility.	He	is	mainly	engaged	in	research	and	applications	of	electromagnetic	compatibility,	electronical	engineering,	and	electric	science	and	technology.	Dr.	Wei	YAN	is	Associate	Professor	at	School	of	Electrical	&	Automation	Engineering,	Nanjing	Normal	University.Dr.	Zhaojuan	MENG	is	Associate	Dean	at	School	of	Electrical	&	Automation
Engineering,	Nanjing	Normal	University.		Accessibility	information	for	this	book	is	coming	soon.	We're	working	to	make	it	available	as	quickly	as	possible.	Thank	you	for	your	patience.	The	Risk	Disclosure	document	explains	the	features	of	the	Compliance	Gate	Platform,	and	their	limitations	and	risks.	Product	Database	Monthly:	200	Standard:	200
Annual:	200	Enterprise:	500	Usage	rights	Monthly:	Your	organisation	Standard:	Your	organisation	Annual:	Your	organisation	Enterprise:	Your	organisation	/	Third	parties	(Info)	What	is	the	purpose	of	the	Compliance	Gate	Platform?	The	purpose	of	the	Compliance	Gate	Platform	is	to	help	businesses	research	relevant	compliance	requirements	for	a
wide	range	of	products.	Here	are	the	steps	you	can	take	using	the	platform:	1.	Create	requirements	lists	to	research	relevant	requirements	2.	Create	certificates/documents	using	the	templates	3.	Create	product	and	packaging	labels	using	the	label	creator	4.	Book	lab	testing	and	other	third-party	services	5.	Ask	questions	about	compliance
requirements	via	the	AI	agents	6.	Request	assistance	from	our	team	What	are	some	benefits	of	the	Compliance	Gate	Platform?	Here	are	some	of	the	key	benefits	of	using	the	Compliance	Gate	Platform:	Launch	new	products:	Research	compliance	requirements	when	launching	a	new	product.	Discover	new	requirements:	You	can	also	use	the
Compliance	Gate	Platform	to	find	requirements	that	you	may	not	be	aware	of	already.	Save	time:	It	can	help	you	research	relevant	regulations,	directives,	and	other	compliance	requirements	in	minutes.	Wide	product	range:	You	can	combine	modules	to	research	requirements	for	a	wide	range	of	consumer	products.	Are	you	selling	battery-powered
electronic	toys?	Then	select	the	modules	for	electronics,	batteries,	and	toys.	Is	the	Compliance	Gate	Platform	easy	to	use?	The	Compliance	Gate	Platform	was	created	with	a	clean	UI	and	accessibility	in	mind.	Our	ambition	is	to	make	the	process	as	direct	and	streamlined	as	it	can	be.	That	being	said,	we	don’t	claim	to	make	the	product	compliance
process	simple	or	easy.	Ultimately,	you	must	follow	the	requirements	in	the	relevant	regulations	and	directives	–	and	these	can	be	complicated.	The	Compliance	Gate	Platform	can	be	a	helpful	tool,	but	it	does	not	make	any	of	the	requirements	go	away.	Why	are	there	so	many	risks	and	limitations?	There	is	no	established	standard	for	what	a	product
compliance	software	can	or	cannot	do.	It’s	therefore	essential	that	we	are	transparent	and	clearly	explain	how	the	platform	and	features	were	created.	This	also	means	that	we	must	be	transparent	and	carefully	disclose	the	risks	and	limitations	of	the	platform	and	its	features.	More	information	can	be	found	in	the	Risk	Disclosure	linked	above.
Ultimately,	it	is	up	to	you	to	determine	if	you	consider	the	Compliance	Gate	Platform	worth	the	cost	of	a	subscription,	despite	the	limitations.	Does	the	platform	cover	all	regulations	and	requirements	that	may	apply	to	a	certain	product?	No,	we	do	not	have	a	complete	database	of	all	existing	regulations,	directives,	standards,	rules,	or	other
compliance	requirements	that	may	apply	to	a	certain	product.	The	products	listed	on	this	page	indicate	that	we	cover	some	compliance	requirements	that	relate	to	these	products.	You	can	find	a	list	of	covered	items	here:	Do	you	guarantee	my	products	become	compliant	and	safe	if	we	use	the	platform?	The	software	is	not	capable	of	approving	or
confirming	if	a	product	is	fully	compliant.	The	platform	depends	entirely	on	user	inputs	to	create	requirements	lists	and	use	other	features.	Which	products	do	you	cover?	You	can	see	a	list	of	product	categories	on	this	page.	The	products	listed	on	this	page	indicate	that	we	cover	some	compliance	requirements	that	relate	to	these	products.	However,
we	cannot	know	with	certainty	if	the	database	covers	all	requirements	that	can	apply	to	a	listed	product.	Which	products	are	not	covered?	Here	are	some	examples	of	products	we	generally	do	not	cover:	Supplements	Drugs	Food	and	beverage	Chemicals/mixtures/liquids	Vehicles	The	list	above	is	non-exhaustive	and	only	meant	to	provide	examples	of
products	not	covered	by	the	Compliance	Gate	Platform.	Do	you	guarantee	that	the	information	in	the	Compliance	Gate	Platform	is	accurate,	complete,	and	free	of	error?	No,	we	do	not	guarantee	that	the	information	in	the	Compliance	Gate	Platform	is	accurate,	complete,	and	free	of	error.	1.	The	Compliance	Requirements	Lists	contain	summaries
based	on	the	source	version	available	at	the	time	of	publication.	Hence,	a	more	recent	source	version	may	be	available.	2.	The	summaries	in	the	Compliance	Requirements	Lists	are	based	on	information	we	deem	to	be	of	particular	relevance	to	importers	and	manufacturers.	However,	as	these	are	only	summaries,	they	do	not	contain	all	the
information	available	in	the	sources	(i.e.,	the	regulation	or	directive	the	summary	is	based	on).	3.	There	is	also	a	risk	of	human	error	when	we	write	summaries,	create	templates,	or	add	other	information	to	the	database.	4.	Sources	can	contain	outdated	or	even	incorrect	information.	Which	sources	do	you	use?	The	Compliance	Gate	Platform	database
is	based	on	publicly	available	information	from	official	sources	in	the	US,	EU,	and	UK.	Here	are	some	examples:	Source	versions	You	can	click	on	the	images	to	enlarge	them	Compliance	Requirements	Lists	Document	templates	Does	the	platform	provide	access	to	standards?	The	Compliance	Gate	Platform	does	not	cover	product	standards	that	are
not	publicly	available.	Hence,	it	does	not	cover	the	contents	of	EN	standards,	ISO	standards,	ASTM	standards,	ANSI	standards,	or	UL	standards.	Which	countries	or	markets	do	you	cover?	We	only	cover	compliance	requirements	in	the	following	countries	and	markets:	United	States	European	Union	United	Kingdom	Do	you	cover	US	state
requirements?	Here	are	some	examples	of	US	state-level	regulations	and	compliance	requirements	covered:	California	Proposition	65	Uniform	Law	Label	Bag	Suffocation	Warning	Resin	Identification	Codes	(RIC)	RoHS	Uniform	Packaging	and	Labeling	Regulation	(UPLR)	Model	Toxics	in	Packaging	Legislation	However,	we	do	not	cover	all	US	state-
level	regulations	that	concern	product	compliance.	Further,	some	of	the	entries	that	relate	to	US	state	regulations	only	serve	as	summaries	that	explain	the	broader	set	of	requirements	across	different	states.	Do	you	cover	European	national	requirements?	No,	we	only	cover	EU	regulations	and	directives,	not	national	regulations	or	standards.	Do	you
cover	customs	and	tax	regulations?	No,	the	Compliance	Gate	Platform	does	not	cover	regulations	that	relate	to	customs	procedures	or	taxes.	We	only	focus	on	requirements	relevant	to	the	product	and	its	packaging.	Compliance	Requirements	Lists	What	is	a	Compliance	Requirements	List?	1.	A	Compliance	Requirements	List	is	an	automatically
generated	document	containing	summaries	of	various	product	regulations	and	other	compliance	requirements.	The	list	is	generated	based	on	user	inputs.	2.	A	compliance	requirements	list	contains	short	summaries	about	various	compliance	requirements,	which	generally	cover	the	following:	Product	scope	Exemptions	General	requirements
Substance	restrictions	Documentation	(if	any)	Labelling	(if	any)	Lab	testing	Sources	3.	Each	summary	links	to	sources	for	further	reading.	4.	It	serves	as	a	first	step	towards	navigating	compliance	requirements	for	a	certain	product	–	but	this	does	not	mean	that	a	compliance	requirements	list	will	“certify”	or	“make”	your	product	compliant.	How	can
we	benefit	from	creating	a	Compliance	Requirements	List?	Creating	a	Compliance	Requirements	List	can	enable	you	to	research	relevant	compliance	requirements	in	a	matter	of	minutes,	rather	than	hours.	It	also	gathers	information	from	many	different	sources	that	are	otherwise	time-consuming	to	find.	As	such,	the	primary	benefit	of	this	feature	is
the	time	it	saves	you.	It	serves	as	a	first	step	towards	navigating	compliance	requirements	for	a	certain	product	–	but	this	does	not	mean	that	a	compliance	requirements	list	will	“certify”	or	“make”	your	product	compliant.	You	will	still	need	to	ensure	that	you	comply	with	the	relevant	regulations,	directives,	and	other	compliance	requirements.
Further,	you	may	need	to	use	other	resources	to	identify	requirements	not	covered	by	the	Compliance	Gate	Platform.	How	do	I	create	a	Compliance	Requirements	List?	It	is	generated	automatically	based	on	the	following	user	inputs:	1.	Country/market	(i.e.,	European	Union)	2.	Product	category	(i.e.,	Electronics)	3.	Product	specifications	(i.e.,	Input
voltage	range)	How	should	we	use	a	Compliance	Requirements	List?	Creating	a	compliance	requirements	list	serves	as	a	first	step	toward	researching	compliance	requirements	for	a	certain	product	and	its	parameters.	This	is	an	example	of	how	a	process	can	work:	1.	Create	a	compliance	requirements	list.	2.	Carefully	read	the	resources	provided
under	Sources	for	each	topic.	3.	Use	the	AI	agents	to	further	explore	requirements.	4.	Request	a	lab	test	quotation	(to	confirm	specific	tests/standards	and	other	requirements	not	covered	by	the	list)	5.	Contact	the	relevant	consumer	safety/market	surveillance/other	authorities	to	confirm	additional	requirements	(if	any).	6.	Create
certificates/documents	and	label	files.	Creating	a	compliance	requirements	list	for	the	initial	step	of	the	process	will	likely	save	you	many	hours.	Still,	we	strongly	emphasize	that	the	list	is	only	a	first	step	and	requires	that	you	take	further	action.	Do	I	need	to	create	one	Compliance	Requirements	List	for	each	product?	Yes,	you	must	create	a
Compliance	Requirements	List	for	each	product.	However,	this	is	normally	not	required	for	different	variations	of	the	same	product,	such	as	apparel	sizes	or	different	colors.	Does	a	Compliance	Requirements	List	cover	all	requirements	applicable	to	our	product?	Our	database	is	limited	to	the	items	listed	in	these	documents:	We	do	not	claim	to	cover
all	existing	regulations	that	may	apply	to	a	certain	product.	Does	an	entry/summary	contain	all	requirements?	A	Compliance	Requirements	List	only	contains	summaries	of	regulations,	directives,	and	other	compliance	requirements.	Each	summary	contains	information	that	we	consider	to	be	of	particular	importance	to	importers	and	manufacturers.
However,	a	summary	is	only	a	summary.	Removing	even	a	single	word	from	a	regulation	text	means	that	some	context	is	lost	–	and	even	more	so	when	it	comes	to	our	summaries	which	are	highly	condensed	compared	to	the	actual	source	text.	Most	summaries	only	contain	2	to	5%	as	much	information	as	the	full	source	text.	Furthermore,	the
summaries	are	based	on	the	source	version	available	at	the	time	of	publication.	As	such,	we	can	never	claim	that	a	summary	covers	all	requirements	that	are	present	in	the	original	source	text.	This	is	also	why	we	clearly	present	the	sources	and	provide	links	where	you	can	dig	deeper	into	the	requirements	that	may	apply	to	your	product.	Can	you
guarantee	that	all	entries/summaries	are	free	of	errors?	We	do	our	best	to	fact-check	the	summaries,	but	given	the	quantity	of	information,	and	that	the	sources	may	be	updated	after	publication,	we	cannot	guarantee	that	the	summaries	are	completely	free	of	error.	How	do	you	keep	the	Compliance	Requirements	List	up	to	date?	We	review	a	set	list
of	official	sources	in	the	EU	and	the	US	each	month.	You	can	find	more	information	about	which	sources	we	monitor	and	when	we	update	the	Compliance	Requirements	List	database	in	these	documents:	You	can	also	find	information	about	the	source	versions	and	update	logs	for	each	entry/summary	here:	US	CRL	Entry	Overview	EU	CRL	Entry
Overview	UK	CRL	Entry	Overview	Which	sources	did	you	use	to	create	each	entry/summary?	Each	summary	is	normally	written	based	on	the	primary	source	of	a	certain	regulation,	directive,	or	other	compliance	requirement.	We	primarily	use	the	following	sources:	eCFR	EUR-Lex	legislation.gov.uk	We	sometimes	also	include	information	from
guidance	pages	and	FAQs	in	the	summaries.	Do	you	link	to	sources?	1.	We	provide	source	links	under	Sources	for	each	entry.	We	also	provide	links	inside	information	boxes.	2.	We	normally	link	to	the	primary	source	of	the	summary	in	the	US	eCFR	or	the	EU	EUR-Lex.	eCFR	EUR-Lex	legislation.gov.uk	At	what	stage	should	I	create	a	compliance
requirements	list?	You	should	create	a	Compliance	Requirements	List	as	early	as	possible	in	the	product	development	process.	This	is	because	the	list	can	direct	you	to	relevant	product	regulations,	which	contain	information	about	safety,	labelling,	and	testing	requirements	that	have	a	direct	impact	on	the	design	and	functionality	of	the	product.	Do
the	Compliance	Requirements	Lists	include	standards?	Product	standards	are	sometimes	mentioned	if	these	are	referenced	in	a	regulation,	directive,	or	compliance	requirement.	For	example,	the	CPSIA	entry/summary	mentions	ASTM	F963.	That	said,	we	do	not	have	access	to	standards	and	their	contents	are	therefore	not	included	in	the
entries/summaries.	Document	Templates	What	is	a	Document	Template?	A	document	template	is	a	fillable	form	based	on	a	set	of	requirements	outlined	in	a	regulation,	directive,	or	other	compliance	requirement.	For	example,	the	General	Product	Safety	Regulation	lists	the	information	that	must	be	included	in	the	technical	documentation	under
Article	9.	As	such,	our	template	is	based	entirely	on	the	items	listed	in	this	article.	A	template	only	corresponds	to	the	specific	article,	annex,	part,	or	section	it	is	based	on.	Why	do	I	need	to	create	certificates	or	declarations?	Product	compliance	documents	of	various	kinds	are	mandatory	for	many	products	sold	in	the	EU	and	the	US.	For	example,
importers	and	US	domestic	manufacturers	selling	children’s	products	in	the	United	States	must	issue	a	Children’s	Product	Certificate	(CPC).	This	document	is,	in	turn,	based	on	the	lab	test	report.	In	the	EU	and	the	UK,	a	Declaration	of	Conformity	is	mandatory	for	products	that	require	CE	or	UKCA	marking.	How	should	we	use	the	Document
Templates?	You	must	still	fill	out	the	template	fields	and	download	the	PDF.	You	may	also,	depending	on	the	specific	type	of	document,	need	to	take	the	following	steps:	1.	Print	and	sign	2.	Submit	the	document	to	market	surveillance	authorities	or	Amazon	3.	Add	the	document	to	your	technical	documentation	Which	Document	Templates	can	we
access?	You	can	see	a	list	of	templates	here:	US	Templates	Overview	EU	Templates	Overview	UK	Templates	Overview	You	can	also	see	the	sources	and	information	the	templates	are	based	on	in	the	documents	linked	above.	Do	you	provide	templates	for	all	documentation	required	in	the	US,	EU	and	UK?	No,	we	only	provide	the	templates	listed	here:
US	Templates	Overview	EU	Templates	Overview	UK	Templates	Overview	We	do	not	claim	to	provide	templates	for	all	documentation/certification	requirements	in	existence	in	the	mentioned	markets.	Further,	we	do	not	have	templates	for	all	documents	listed	in	the	Compliance	Requirements	Lists.	Do	you	provide	templates	for	all	documents	that	may
be	required	for	a	certain	product?	No,	we	only	provide	the	templates	listed	here:	US	Templates	Overview	EU	Templates	Overview	UK	Templates	Overview	We	do	not	claim	to	provide	templates	for	all	documentation/certification	required	for	any	product,	including	those	listed	on	this	website.	Do	you	guarantee	that	the	certificate	or	label	file	templates
are	correct?	The	certificate	and	label	file	templates	are	based	on	official	sources,	which	we	link	to.	We	cannot	guarantee	that	the	templates	are	error-free	or	that	the	templates	are	sufficient	for	every	single	product	specification,	case,	or	scenario.	1.	The	template	is	only	based	on	the	mentioned	source/s.	2.	It	is	essential	that	you	compare	your
downloaded	document	to	the	information	in	the	source,	in	case	of	technical	error.	3.	A	new	version	of	the	source	may	exist.	Open	the	source	link	and	select	the	latest	version	to	ensure	that	your	file	matches	the	current	requirements.	How	do	you	keep	the	Document	Templates	up	to	date?	We	compare	the	template	items	to	the	specified	source.	You	can
find	more	information	here:	Keep	in	mind	that	a	newer	version	of	the	document/certificate	may	exist.	It	is	therefore	important	that	you	always	check	the	sources	before	you	fill	out	and	download	a	document.	At	what	stage	should	I	create	a	document	using	the	templates?	Generally	speaking,	products	must	be	documented	either	at	the	time	of	shipment
or	when	you	start	selling.	What	am	I	supposed	to	do	with	the	documents	I	create?	The	documents	can	be	requested	by	the	customs	authorities,	market	surveillance	authorities,	resellers	or	Amazon.	Individual	customers	may	sometimes	also	request	such	documents.	What	can	happen	if	I	don’t	have	the	mandatory	compliance	documents?	Lacking	the
mandatory	product	certificates	and	other	compliance	documents	can	result	in	a	recall,	or	that	your	products	are	removed	from	marketplaces	such	as	Amazon.	Which	sources	did	you	use	to	create	the	templates?	The	documents	are	based	on	publicly	available	information	from	official	sources	in	the	US,	EU,	and	UK.	We	primarily	use	the	following
sources:	eCFR	EUR-Lex	legislation.gov.uk	We	sometimes	also	create	templates	based	on	guidance	pages.	Label	Creator	What	is	the	Label	Creator?	The	label	creator	is	an	editor	where	you	can	insert	labelling	information.	You	can	then	download	a	label	as	a	.svg	file.	Where	can	we	find	labelling	requirements?	You	can	find	information	about	labelling
requirements	in	Compliance	Requirements	List	summaries	and	the	linked	sources.	How	should	we	use	the	Label	Creator?	Here	are	the	steps	you	need	to	take:	Step	1:	Create	a	Compliance	Requirements	List	and	check	the	latest	source	version.	Step	2:	Add	label	information	to	the	label	creator	Step	3:	Download	the	file	as	an	.svg	Do	you	provide
warning	texts	and	symbols?	The	labelling	requirements	sections	in	Compliance	Requirements	List	summaries	are	only	based	on	publicly	available	information	in	regulations	and	directives.	These	sometimes	contain	warnings.	However,	warning	texts	and	symbols	are	sometimes	part	of	product	standards,	which	we	do	not	have	access	to.	For	example,
we	cannot	include	warning	symbols	and	texts	from	ASTM	F963	or	EN	71.	Further,	many	regulations	set	warning	requirements	without	providing	the	exact	wording.	We	do	not	provide	interpretations	or	suggestions	for	how	to	write	specific	warnings	in	the	label	creator.	How	do	we	add	symbols	and	other	graphical	elements?	Currently,	the	label



creator	does	not	enable	the	inclusion	of	graphical	elements,	such	as	compliance	marks,	pictograms,	or	symbols.	If	you	need	to	include	graphical	elements,	then	you	must	use	an	image	editing	software,	such	as	GIMP	or	Adobe	Illustrator.	Why	do	I	need	to	create	label	files?	Product	and	packaging	labelling	is	mandatory	for	essentially	all	consumer
products	sold	in	the	US,	EU	and	UK.	Some	labelling	requirements	apply	to	all	products,	while	others	only	apply	to	certain	product	types	of	age	groups.	At	what	stage	should	I	create	label	files?	You	need	to	ensure	that	your	products	and	the	packaging	are	correctly	labelled	at	the	time	of	manufacturing.	Keep	in	mind	that	most	labels	must	be
permanently	affixed	–	not	attached	in	the	form	of	a	sticker	that	can	be	easily	removed.	You	must	therefore	create	all	relevant	label	files	before	your	products	enter	production.	How	do	I	know	if	my	label	is	correct?	You	can	request	a	label	review	from	several	third-parties	from	within	the	platform.	As	such,	you	can	have	your	label	files	reviewed	by	a
third-party	such	as	TUV	Rheinland	or	QIMA	before	printing	these.	This	can	help	you	reduce	the	risk	of	printing	incorrect	labels	on	your	product	and	packaging,	which	can	be	expensive	to	correct	afterwards.	Note	that	the	terms	of	service	of	your	selected	third-party	applies.	How	can	I	request	a	label	review?	You	can	request	a	label	review	and	upload
your	label	files	using	the	product	testing	form,	or	the	dedicated	label	review	form.	What	am	I	supposed	to	do	with	the	label	files	I	create?	You	must	submit	all	label	files	to	the	manufacturer	of	the	product.	Before	that,	we	recommend	that	you	request	a	label	review.	How	do	you	keep	the	label	creator	up	to	date?	The	label	creator	is	only	a	fillable	form.
It	does	not	contain	any	information	and	it	is	not	a	label	template.	You	need	to	insert	label	information	based	on	the	summaries	in	the	Compliance	Requirements	List,	and	the	linked	sources.	You	may	also	need	to	enter	label	information	from	other	resources	for	compliance	requirements	not	covered	by	the	Compliance	Gate	Platform.	What	can	happen	if
my	products	are	not	correctly	labeled?	Products	that	are	not	correctly	labeled	can	be	subject	to	recalls,	or	removed	from	marketplaces	such	as	Amazon.	As	such,	we	recommend	that	you	book	a	label	review	before	affixing	label	information	on	the	product,	packaging,	or	documentation	during	production.	Support	Tickets	What	is	a	support	ticket?	You
can	submit	a	list	of	questions	in	a	support	ticket	if	you	have	questions	related	to	compliance	requirements	covered	by	the	platform.	How	many	questions	can	we	ask	per	support	ticket?	1.	You	can	submit	a	support	ticket	listing	up	to	5	questions.	2.	Each	support	ticket	can	only	be	dedicated	to	a	single	product	and	market.	3.	You	can	ask	questions
related	to	information	in	a	Compliance	Requirements	List.	What	kind	of	questions	can	we	ask?	1.	You	can	ask	questions	about	information	in	generated	compliance	requirements	lists:	Product	regulations	and	directives	Certificates	and	documents	Labelling	requirements	Testing	requirements	2.	You	can	ask	questions	about	practical	areas	of	product
compliance,	such	as:	Label	file	formats	Lab	testing	costs	Supplier	vetting	3.	Request	help	with	lab	test	bookings	and	other	third-party	services	4.	Request	feedback	on	test	reports	and	documents	obtained	from	your	suppliers	How	many	tickets	are	included?	The	number	of	support	tickets	depends	on	your	plan:	Monthly:	None	Standard:	3	tickets
Annual:	15	tickets	Enterprise:	20	tickets	Can	we	buy	additional	support	tickets?	Yes,	you	can	buy	additional	support	tickets	on	this	page.	Are	there	any	limitations?	In	order	to	provide	support	tickets	as	part	of	a	flat	rate	subscription,	we	have	a	set	of	rules	and	defined	scope	for	the	support	we	provide	in	an	individual	ticket.	1.	We	can	only	relay
information	as	it	is	written	in	source	texts,	and	provide	general	guidance.	Note:	This	means	that	we	can	only	refer	to	what	is	written	in	a	certain	source	text.	If	your	question	is	not	answered	or	even	addressed	in	the	source	text,	then	we	can	generally	not	provide	an	answer	either.	2.	When	we	search	source	texts,	we	cannot	guarantee	that	we	have
found	everything	that	relates	to	the	question	or	objective.	3.	We	do	not	provide	legal	advice,	interpretations,	engineering/technical	advice,	or	confirm	applicable	regulations	or	standards	for	specific	products.	4.	We	cannot	“confirm”	or	“approve”	a	product	as	“fully	compliant”	or	compliant	with	a	certain	set	of	requirements.	5.	We	cannot	guarantee
that	any	answer	we	provide	via	support	covers	every	single	possible	scenario	or	outcome.	6.	We	do	not	‘approve’	or	‘confirm’	labels,	documents,	certificates,	test	reports,	or	other	files	–	including	those	created	using	the	templates	or	the	label	creator.	7.	We	do	not	provide	label	reviews.	8.	We	do	not	actively	manage	the	process	on	our	subscribers
behalf.	For	example,	we	do	not	create	label	files,	documents,	or	communicate	with	marketplaces	or	other	entities	on	their	behalf.	Can	you	review	test	reports?	Yes,	but	we	cannot	confirm	or	approve	test	reports	as	valid.	We	can	have	a	look	at	your	test	reports	and	provide	general	feedback	and	point	out	if	we	find	particular	issues.	As	we	are	not
involved	in	the	testing	process,	we	cannot	know	on	what	basis	a	test	report	was	issued.	Can	you	review	our	certificates	or	other	documents?	We	do	not	review	or	approve	individual	product	certificates	or	other	compliance	documents.	That	said,	you	can	ask	questions	related	to	product	certificates,	declarations,	and	other	compliance	documents.	Note
that	we	can	only	provide	feedback	to	the	extent	that	the	source	text	provides	relevant	information.	Can	you	review	label	files?	No,	we	do	not	provide	label	reviews.	However,	you	can	request	a	third-party	label	review	from	our	testing	partners	via	the	platform.	How	long	does	it	take	to	receive	a	response?	We	normally	respond	within	2	work	days
(Monday	to	Friday,	excluding	public	holidays	in	Hong	Kong).	However,	we	may	need	4	to	7	work	days	to	respond	to	questions	that	require	additional	research.	Lab	Testing	and	Other	Third-Party	Services	Why	is	lab	testing	necessary?	Lab	testing	is	often	necessary	to	verify	if	a	product	complies	with	a	certain	regulation,	directive,	or	standard.	For
example,	lab	testing	can	determine	if	a	product	complies	with	certain	substance	restrictions,	or	mechanical	safety	requirements	set	by	product	standards.	Once	the	lab	test	is	completed,	you	will	receive	a	lab	test	report	which	indicates	if	the	overall	result	is	pass	or	fail.	Why	do	I	need	a	lab	test	report?	Lab	test	reports,	if	the	result	is	passed,	serve	as
evidence	that	your	product	is	compliant	with	a	certain	regulation,	directive,	or	standard.	Lab	test	reports	can	also	be	requested	by	market	surveillance	authorities	or	Amazon.	In	addition,	mandatory	certificates,	declarations,	and	other	documents	can	only	be	issued	if	you	have	already	obtained	test	reports.	What	can	be	done	if	the	test	result	is	failed?
This	indicates	that	the	product	does	not	meet	the	requirements	under	relevant	regulations,	directives,	or	standards.	Here	are	some	examples	of	why	testing	can	fail:	1.	The	material	contains	excessive	amounts	of	restricted	substances,	such	as	heavy	metals	or	phthalates.	2.	The	product	failed	one	or	more	safety	tests.	3.	The	product	fails	the
flammability	requirements.	When	this	occurs,	the	course	of	action	depends	on	what	caused	the	product	to	fail	testing.	You	may	need	to	redesign	the	product	or	change	materials.	How	does	the	process	work?	1.	Request	a	lab	test	quotation.	2.	The	testing	company	normally	responds	within	a	few	days	with	a	quotation.	3.	If	you	accept	the	quotation,	you
will	be	instructed	to	send	a	certain	number	of	product	samples	to	a	designated	address.	4.	Samples	are	sent	to	the	testing	company.	5.	The	final	invoice	is	issued.	6.	Lab	testing	takes	place	(1	to	3	weeks).	7.	Lab	test	report	is	issued.	Do	you	offer	testing	in-house	or	through	partners?	We	do	not	operate	our	own	testing	facilities.	Instead,	we	work	with
lab	testing	companies	with	facilities	in	Asia,	Europe,	and	the	United	States.	Which	countries/regions	are	covered	by	your	testing	partners?	Our	testing	partners	offer	lab	testing	services	for	importers	and	manufacturers	selling	in	the	United	States,	the	European	Union,	and	the	United	Kingdom.	Which	testing	companies	do	you	work	with?	We	mainly
work	with	the	following	two	testing	companies:	We	also	have	a	wider	network	of	more	specialised	labs	in	Asia,	Europe,	and	the	United	States.	Where	are	the	testing	labs	located?	Our	lab	testing	partners	have	testing	facilities	in	Asia,	Europe,	and	the	United	States.	Most	of	our	customers	use	test	lab	facilities	in	the	country	or	region	where	their
products	are	manufactured.	When	should	I	book	lab	testing?	You	need	to	verify	that	your	product	is	fully	compliant	and	safe	before	you	start	importing	and	selling	a	product.	Further,	the	lab	test	can	either	take	place	before	or	after	mass	production	–	or	both.	Pre-production	testing:	Verify	if	the	product/components/construction	is	compliant.	This	can
be	necessary	to	avoid	an	inherently	non-compliant	product	entering	production.	Batch	testing	(post-production):	Verify	if	the	final	product	that	is	to	be	placed	on	the	market	is	compliant.	How	do	we	submit	samples	to	the	lab?	The	testing	company	will	provide	the	testing	lab	address	once	you	have	confirmed	the	quotation.	How	many	samples	do	I	need
to	send?	The	testing	company	will	confirm	the	number	of	samples	and/or	material	quantity	required.	How	do	I	know	what	to	test	for?	Lab	testing	companies	can	assess	applicable	substance	tests	and	standards	based	on	the	following:	Product	type	and	characteristics	Materials	Country/states/market	Age	group	Keep	in	mind	that	lab	testing	companies
provide	this	assessment	based	on	the	information	they	have.	Note:	If	you	intend	to	ensure	compliance	with	certain	US	state-level	or	European	national	regulations	or	standards,	then	this	must	be	clearly	stated	in	your	quotation	request.	Is	the	lab	testing	cost	included	in	the	subscription?	No,	the	Compliance	Gate	Platform	subscription	fee	does	not
include	lab	testing	costs.	Lab	testing	fees	are	charged	directly	by	our	lab	testing	partners.	How	much	does	lab	testing	cost?	There	is	no	standard	rate	for	lab	testing.	The	cost	depends	on	the	following	factors:	1.	The	applicable	standards	and	regulations	for	the	product.	2.	The	number	of	unique	materials/colors	and	components	that	must	be	tested.	3.
Product	risk	factors	(e.g.	sharp	points,	magnets,	batteries).	Can	you	estimate	testing	costs?	At	best,	we	can	share	cost	examples.	However,	there	are	many	parameters	that	impact	the	lab	test	cost,	which	makes	it	hard	to	compare	the	cost	of	testing	one	product	to	another.	What	can	happen	if	I	don’t	have	a	lab	test	report?	Without	lab	test	reports	you
may	end	up	selling	a	product	that	is	non-compliant	and	unsafe.	Furthermore,	market	surveillance	authorities	and	Amazon	can	also	request	a	test	report.	It	is	expected	that	you	can	demonstrate	compliance	upon	request,	or	you	may	face	recalls	and	fines.	What	other	third-party	service	providers	can	we	access?	We	will	share	more	information	on	this
soon.	Compliance	Assistant	(AI	Agents)	AI	White	Paper	PDF	Download	How	should	the	AI	agents	be	used?	1.	Each	AI	agent	is	connected	to	a	knowledge	base,	which	includes	a	set	of	source	texts.	You	can	ask	questions	to	explore	compliance	requirements	related	to	connected	source	texts.	2.	You	can	ask	questions	from	different	angles	to	better
understand	certain	aspects	of	the	requirements.	3.	The	AI	tool	does	not	verify	if	the	output	is	correct.	As	such,	you	must	never	rely	on	or	act	on	the	AI-generated	output	as	a	primary	source	of	information.	Carefully	read	the	latest	version	of	the	relevant	source	text	(i.e.,	regulatory	text	or	guidance	page)	before	taking	any	action.	4.	You	can	find	the
source	texts	for	all	AI	agents	here.	AI	agent	limitations	1.	The	AI	agents	do	not	think	or	understand	the	generated	output.	2.	The	AI	agents	cannot	fact-check,	interpret,	or	understand	the	generated	output.	3.	The	AI	agents	generate	a	response	by	predicting	the	next	word	based	on	mathematical	probability.	Think	of	it	as	an	advanced	autocomplete
software.	4.	The	AI	agents	can	only	generate	a	relevant	output	to	the	extent	that	the	knowledge	base	contains	information	sufficient	for	an	“answer”.	However,	regulations	and	guidance	documents	do	not	address	every	single	question,	situation,	or	scenario.	However,	it	may	still	generate	an	output	based	on	irrelevant	sources.	5.	There	is	a	limit	to	the
quantity	of	text	that	an	LLM	can	process.	Hence,	the	agent	may	not	be	able	to	include	every	single	piece	of	information	from	the	knowledge	base	that	would	be	required	for	sufficiently	accurate	output.	6.	The	AI	agents	can	make	mistakes	when	selecting	knowledge	base	sources,	and	source	items.	This	can	result	in	an	incorrect	output	being	generated.
Risks	1.	The	LLM	can	output	incomplete	information.	2.	The	LLM	can	hallucinate	and	output	false	information.	Recommended	process	Step	1:	Write	your	question/query	Step	2:	Reframe	your	question	a	few	times	–	Is	the	output	consistent?	Step	3:	Compare	the	output	to	the	source	text	–	Does	it	match	or	can	you	find	errors?	Data	1.	The	AI	tool	does
not	operate	as	an	archive	or	file	storage	service.	You	are	solely	responsible	for	the	backup	of	generated	outputs	and	other	safeguards	appropriate	for	your	needs.	2.	The	AI	tool	sends	the	user	prompt	to	an	external	data	processor.	Read	the	Privacy	Policy	for	more	details	3.	We	keep	a	copy	of	the	prompts	and	generated	answers	in	the	external	data
process	for	7	days.	This	is	only	done	for	debugging	reasons,	in	case	we	find	issues	with	the	AI	tool.	After	7	days,	this	data	is	deleted.	Monthly	Updates	Which	sources	do	you	monitor?	We	review	official	web	page	sources	each	month	to	determine	if	we	need	to	make	changes	to	the	compliance	requirements	list	entries	and/or	the	templates.	The	review
is	limited	to	the	items	listed	in	the	tables,	and	we	do	not	keep	track	of	news/updates	announced	elsewhere	(e.g.	not	announced	in	the	linked	pages).	Further,	we	only	cover	and	track	updates	related	to	the	listed	items	(see	tables).	Regulations,	directives,	or	standards	not	mentioned	in	this	document	are	not	covered	by	the	platform,	or	monitored.	How
often	do	you	review	the	sources?	We	review	sources	once	per	month.	Do	you	monitor	source	links?	Yes,	we	monitor	source	links	in	the	Compliance	Requirements	list	entries/summaries	and	Document	Templates.	Links	can	be	broken	due	to	page	removal	or	redirected.	You	can	find	more	information	in	the	Monthly	Review	Methodology	(EU	and	US).
How	do	you	decide	whether	the	Compliance	Gate	Platform	should	be	updated?	Compliance	Requirements	Lists	(summaries/entries):	Entries/summaries	are	only	updated	when	there	is	an	amendment	that	results	in	a	substantial	update	for	covered	requirements.	Hence,	many	amendments	do	not	result	in	an	update	of	the	entry/summary.	1.	Note	that
the	summaries	are	based	on	the	source	version	available	at	the	time	of	publication.	It	is	only	updated	when	there	is	an	amendment	that	results	in	a	substantial	update	affecting	covered	requirements.	2.	Not	all	updates	and	amendments	result	in	changes	to	the	summaries.	You	can	find	more	information	on	this	in	the	Monthly	Review	Methodology	(US,
EU,	and	UK).	Documents	Templates:	We	update	the	template	if	the	template	items	and/or	source	versions	have	changed	(this	is	checked	monthly).	AI	tool:	We	update	the	source	texts	in	the	knowledge	base	every	6	months.	Do	you	implement	changes	in	real-time	into	the	Compliance	Gate	Platform?	No,	changes	are	never	implemented	in	real-time.	We
review	the	sources	once	per	month.	Once	we	have	identified	a	change,	it	can	take	several	weeks	before	we	have	been	able	to	update	a	Compliance	Requirements	List	summary/entry	or	document	template.	Do	you	guarantee	that	the	Compliance	Gate	Platform	is	always	up	to	date?	No,	we	cannot	guarantee	that	the	Compliance	Gate	Platform	is	always
up	to	date	as	we	do	not	implement	changes	in	real-time.	It	is	therefore	critical	that	you	always	check	the	latest	version	of	the	relevant	sources.	How	are	we	made	aware	of	news	and	updates?	1.	We	normally	send	a	Monthly	Report	on	the	2nd	or	3rd	Tuesday	of	each	month.	2.	You	can	also	find	a	list	of	updates	in	the	Compliance	Gate	Platform	update
log.	What	is	the	purpose	of	the	Monthly	Report?	The	Monthly	Report	is	a	compilation	of	compliance	news	and	updates	from	monitored	sources	in	the	US,	EU,	and	UK.	It	also	helps	us	to	decide	internally	whether	we	need	to	update	the	Compliance	Gate	Platform.	How	does	the	report	benefit	us?	The	report	can	help	you	stay	up	to	date	with	new	and
updated	compliance	requirements,	including	those	that	do	not	result	in	an	update	of	the	Compliance	Gate	Platform.	How	many	reports	do	we	receive	each	year?	You	will	receive	a	report	each	month,	for	the	duration	of	your	subscription.	Data	Management	&	Security	Data	Management	The	following	topics	are	covered	in	the	Data	Management	&
Security	document.	Security	How	to	remove	your	product	data	Subscription	expiry	Terminate	account	Backups	Security	1.	You	can	find	information	about	security	standards,	protocols,	and	measures	in	the	Data	Management	&	Security	document.	2.	There	is	always	a	risk	that	a	website	or	application	is	hacked	or	for	other	reasons	experience	data
loss.	The	latter	can	happen	in	case	of	updates	or	coding	errors.	We	strongly	recommend	that	you	always	maintain	backups	of	all	files	generated	or	uploaded	to	the	Compliance	Gate	Platform.	The	Compliance	Gate	Platform	should	not	be	relied	upon	as	a	file	storage	system.	Usage	Rights	The	Compliance	Gate	Platform	can	either	be	used	for	your	own
organization,	or	on	behalf	of	the	customers	of	your	organisation.	Your	organisation	(Standard)	1.	This	means	that	you	can	only	use	the	Compliance	Gate	Platform	to	create	requirements	lists,	certificates,	label	files,	and	request	support	for	your	own	company.	2.	This	is	suitable	for	most	brands,	manufacturers,	importers,	and	e-commerce	companies
using	the	platform	for	their	own	products.	Third-parties	(Expanded)	1.	You	can	use	the	Compliance	Gate	Platform	to	create	the	following	on	behalf	of	your	customers:	Requirements	lists	Certificates	Labels	2.	You	can	use	the	Compliance	Gate	Platform	to	support	paid	consulting	work	or	support	requests	from	your	customers.	Examples	include:	a.
Freight	forwarders	that	need	to	identify	requirements	for	their	customers	b.	Consultants	that	need	to	create	requirements	lists,	certificates,	and/or	label	files	as	part	of	a	project	3.	However,	the	following	usage	is	prohibited:	Selling	individual	requirements	lists	Selling	individual	certificates	or	certificate	templates	Selling	individual	label	files	or	label
templates	Selling	account	access	to	individual	users	4.	It	is	important	that	you	inform	your	customers	that	our	requirements	list	doesn’t	necessarily	cover	all	applicable	regulations/directives/rules	for	a	certain	product.	Further,	your	customers	should	carefully	read	the	important	information	section	in	the	PDF	version	of	the	requirements	list	to	better
understand	its	limitations.	Payments	&	Subscription	Can	I	pay	with	my	Visa	or	MasterCard?	Yes,	we	offer	credit	card	payments	through	PayPal	or	Stripe.	Customers	based	in	certain	countries	may	be	required	to	create	a	PayPal	account	in	order	to	make	a	Credit	Card	transaction.	This	is	free	and	only	takes	a	moment.	You	just	need	to	add	your	email
address	and	agree	with	the	PayPal	Terms	of	Service.	With	Stripe,	you	don’t	need	to	create	an	account.	Can	I	pay	with	PayPal?	Yes,	you	can	pay	with	your	balance,	bank	account,	or	credit	card	through	PayPal.	Do	you	offer	a	safe	payment	method?	Yes,	all	payments	on	this	website	are	processed	by	PayPal	or	Stripe,	which	use	an	SSL	certificate	to
encrypt	your	data.	Will	my	subscription	get	automatically	renewed?	If	you	subscribed	on	or	after	2025-05-08,	your	card	will	be	billed	automatically	on	the	date	of	expiration.	However,	you	can	cancel	your	subscription	at	any	time	and,	in	this	case,	your	card	will	not	be	billed	again.	Do	you	have	a	refund	policy?	The	subscriber	has	the	right	to	cancel	the
purchase	up	to,	but	no	later	than,	14	days	from	the	order	date.	However,	this	only	applies	if	the	subscriber	has	not	yet	logged	into	the	platform	and/or	used	the	platform	to	create	compliance	requirements	lists	or	templates.	Can	I	get	a	partial	refund	if	I	cancel	my	subscription	before	the	expiration	date?	No,	we	don’t	offer	partial	refunds.	Will	I	receive
an	invoice	for	my	company?	Yes,	it’s	delivered	together	with	the	payment	confirmation	email.	Can	I	pay	via	bank	transfer?	Yes,	you	can	contact	us	to	request	an	invoice	if	you	prefer	to	pay	via	bank	transfer.	In	this	case,	we	will	only	activate	the	account	once	we	have	received	the	payment.	Terms	of	Service	and	Privacy	Policy	Where	can	I	find	your
Terms	of	Service?	Follow	this	link	to	read	our	Terms	of	Service.	Where	can	I	find	your	Privacy	Policy?	Follow	this	link	to	read	our	Privacy	Policy.	Compare	Pricing	PlansBook	Free	Demo	A	passenger	jet	explodes	in	mid-air	killing	all	230	people	on	board.	A	hospital	syringe	pump	spontaneously	ceases	its	delivery	of	life-preserving	medication	without
triggering	any	alarms.	A	nuclear	power	plant	goes	on	alert	status	when	turbine	control	valves	spontaneously	close.	Each	of	these	actual	events	was	a	symptom	of	an	electromagnetic	compatibility	problem.	Electromagnetic	compatibility	(EMC)	is	broadly	defined	as	a	state	that	exists	when	all	devices	in	a	system	are	able	to	function	without	error	in
their	intended	electromagnetic	environment.	In	1996,	TWA	Flight	800	bound	from	New	York	to	Paris	exploded	over	the	ocean	shortly	after	take-off.	After	a	lengthy	investigation	that	involved	salvaging	and	reconstructing	major	portions	of	the	aircraft,	it	was	concluded	that	the	most	probable	cause	of	the	explosion	was	a	spark	in	the	center	wing	fuel
tank	that	ignited	the	air/fuel	mixture.	This	spark	was	likely	the	direct	result	of	a	large	voltage	transient,	possibly	a	power	line	transient	or	electrostatic	discharge.	In	2007,	the	results	of	a	study	conducted	by	researchers	at	the	University	of	Amsterdam	documented	nearly	50	incidents	of	electromagnetic	interference	from	cell	phone	use	in	hospitals,
and	classified	75	percent	of	them	as	significant	or	hazardous.	Another	study,	published	in	2008	by	researchers	from	Amsterdam,	showed	that	electromagnetic	interference	from	RFID	devices	also	had	the	potential	to	cause	critical	care	medical	equipment	to	malfunction.	Spontaneous	valve	closures	at	the	Niagara	Mohawk	Nine	Mile	Point	#2	nuclear
power	plant	were	due	to	interference	generated	by	workers'	wireless	handsets.	Despite	the	tremendous	emphasis	on	safety	and	security	that	is	placed	on	the	design	and	construction	of	all	nuclear	power	plants,	the	relatively	weak	emissions	from	common	wireless	handsets	resulted	in	a	major	malfunction.	Unfortunately,	these	are	not	rare	isolated
occurrences.	Electromagnetic	compatibility	problems	result	in	many	deaths	and	billions	of	dollars	in	lost	revenue	every	year.	The	past	decade	has	seen	an	explosive	increase	in	the	number	and	severity	of	EMC	problems	primarily	due	to	the	proliferation	of	microprocessor	controlled	devices,	high‑frequency	circuits	and	low‑power	transmitters.
Elements	of	an	EMC	Problem	There	are	three	essential	elements	to	an	EMC	problem	as	illustrated	in	Figure	1.	There	must	be	a	source	of	electromagnetic	energy,	a	receptor	(or	victim)	that	cannot	function	properly	due	to	the	electromagnetic	energy,	and	a	path	between	them	that	couples	the	energy	from	the	source	to	the	receptor.	Each	of	these
three	elements	must	be	present,	although	they	may	not	be	readily	identified	in	every	situation.	Electromagnetic	compatibility	problems	are	generally	solved	by	identifying	at	least	two	of	these	elements	and	eliminating	(or	attenuating)	one	of	them.	Figure	1.	The	three	essential	elements	of	an	EMC	problem.	For	example,	in	the	case	of	the	nuclear
power	plant,	the	receptor	was	readily	identified.	The	turbine	control	valves	were	malfunctioning.	The	source	and	the	coupling	path	were	originally	unknown;	however	an	investigation	revealed	that	wireless	handsets	used	by	the	plant	employees	were	the	source.	Although	at	this	point	the	coupling	path	was	not	known,	the	problem	was	solved	by
eliminating	the	source	(e.g.	restricting	the	use	of	low‑power	radio	transmitters	in	certain	areas).	A	more	thorough	and	perhaps	more	secure	approach	would	be	to	identify	the	coupling	path	and	take	steps	to	eliminate	it.	For	example,	suppose	it	was	determined	that	radiated	emissions	from	a	wireless	handset	were	inducing	currents	on	a	cable	that	was
connected	to	a	printed	circuit	card	that	contained	a	circuit	that	controlled	the	turbine	valves.	If	the	operation	of	the	circuit	was	found	to	be	adversely	affected	by	these	induced	currents,	a	possible	coupling	path	would	be	identified.	Shielding,	filtering,	or	rerouting	the	cable,	and	filtering	or	redesigning	the	circuit	would	then	be	possible	methods	of
attenuating	the	coupling	path	to	the	point	where	the	problem	is	non‑existent.	When	a	Roosevelt	Island	Tramway	car	suddenly	sped	up	at	the	end	of	the	line	and	crashed	into	a	concrete	barrier,	the	problem	was	thought	to	be	transients	on	the	tramway's	power.	The	coupling	path	was	presumably	through	the	power	supply	to	the	speed	control	circuit,
although	investigators	were	unable	to	reproduce	the	failure	so	the	source	and	coupling	path	were	never	identified	conclusively.	The	receptor,	on	the	other	hand,	was	clearly	shown	to	be	the	speed	control	circuit	and	this	circuit	was	modified	to	keep	it	from	becoming	confused	by	unintentional	random	inputs.	In	other	words,	the	solution	was	to
eliminate	the	receptor	by	making	the	speed	control	circuit	immune	to	the	electromagnetic	phenomenon	produced	by	the	source.	Potential	sources	of	electromagnetic	compatibility	problems	include	radio	transmitters,	power	lines,	electronic	circuits,	lightning,	lamp	dimmers,	electric	motors,	arc	welders,	solar	flares	and	just	about	anything	that	utilizes
or	creates	electromagnetic	energy.	Potential	receptors	include	radio	receivers,	electronic	circuits,	appliances,	people,	and	just	about	anything	that	utilizes	or	can	detect	electromagnetic	energy.	Methods	of	coupling	electromagnetic	energy	from	a	source	to	a	receptor	fall	into	one	of	four	categories.	Conducted	(electric	current)	Inductively	coupled
(magnetic	field)	Capacitively	coupled	(electric	field)	Radiated	(electromagnetic	field)	Coupling	paths	often	utilize	a	complex	combination	of	these	methods	making	the	path	difficult	to	identify	even	when	the	source	and	receptor	are	known.	There	may	be	multiple	coupling	paths,	and	steps	taken	to	attenuate	one	path	may	enhance	another.	A	Brief
History	of	EMC	In	the	late	1880's,	the	German	physicist	Heinrich	Hertz	performed	experiments	that	demonstrated	the	phenomenon	of	radio	wave	propagation,	thus	confirming	the	theory	published	by	James	Clerk	Maxwell	two	decades	earlier.	Hertz	developed	a	spark	in	a	small	gap	between	two	metal	rods	that	were	connected	at	the	other	end	to
metal	plates,	as	shown	in	Figure	2.	The	spark	excitation	created	an	oscillating	current	on	the	rods	resulting	in	electromagnetic	radiation	near	the	resonant	frequency	of	the	antenna.	The	receiving	antenna	was	a	loop	of	wire	with	a	very	thin	gap.	A	spark	in	the	gap	indicated	the	presence	of	a	time‑varying	field	and	the	maximum	spark	gap	length
provided	a	measurement	of	the	received	field's	strength.	Figure	2.	Early	antennas	constructed	by	Heinrich	Hertz.	Guglielmo	Marconi	learned	of	Hertz's	experiments	and	improved	upon	them.	In	1895,	he	developed	the	wireless	telegraph,	the	first	communications	device	to	convey	information	using	radio	waves.	Although	the	significance	of	his
invention	was	not	initially	appreciated,	the	U.S.	Navy	took	an	interest	due	to	the	potential	of	this	device	to	enhance	communication	with	ships	at	sea.	In	1899,	the	Navy	initiated	the	first	shipboard	tests	of	the	wireless	telegraph.	While	the	tests	were	successful	in	many	ways,	the	Navy	was	unable	to	operate	two	transmitters	simultaneously.	The	reason
for	this	problem	was	that	the	operating	frequency	and	bandwidth	of	the	early	wireless	telegraph	was	primarily	determined	by	the	size,	shape	and	construction	of	the	antenna.	Receiving	antennas	were	always	"tuned"	(experimentally)	to	the	same	operating	frequency	as	the	transmitting	antenna,	however	the	bandwidth	was	difficult	to	control.
Therefore	when	two	transmitters	were	operating	simultaneously,	receivers	detected	the	fields	from	both	of	them	to	some	extent	and	the	received	signal	was	generally	unintelligible.	This	early	electromagnetic	compatibility	problem	came	to	be	referred	to	as	Radio	Frequency	Interference	(RFI).	As	the	popularity	of	the	wireless	telegraph	grew,	so	did
the	concern	about	RFI.	In	1904,	Theodore	Roosevelt	signed	an	executive	order	empowering	the	Department	of	Commerce	to	regulate	all	private	radio	stations	and	the	Navy	to	regulate	all	government	stations	(and	all	radio	stations	in	times	of	war).	Different	types	of	radio	transmitters	were	assigned	different	frequency	allocations	and	often	were	only
allowed	to	operate	at	certain	times	in	order	to	reduce	the	potential	for	RFI.	By	1906,	various	spark‑quenching	schemes	and	tuning	circuits	were	being	employed	to	reduce	the	bandwidth	of	wireless	transmitters	and	receivers	significantly.	However,	it	was	the	invention	of	the	vacuum	tube	oscillator	in	1912	and	the	super	heterodyne	receiver	in	1918
that	made	truly	narrow	band	transmission	and	reception	possible.	These	developments	also	made	it	possible	to	transmit	reasonably	clear	human	speech,	which	paved	the	way	for	commercial	radio	broadcasts.	The	period	from	about	1925	to	1950	is	known	as	the	golden	age	of	broadcasting.	During	this	period	the	popularity	of	radio	soared.	As	the
number	of	radios	proliferated,	so	did	the	electromagnetic	compatibility	problems.	RFI	was	a	common	problem	because	the	regulations	governing	intentional	or	unintentional	interference	with	a	commercial	radio	broadcast	were	lax	and	more	people	had	access	to	radio	equipment.	In	order	to	alleviate	this	problem,	the	Federal	Communications
Commission	(FCC)	was	established	in	1934	as	an	independent	agency	of	the	U.S.	Government.	It	was	empowered	to	regulate	U.S.	interstate	and	foreign	communication	by	radio,	wire,	and	cable.	FCC	regulations	and	licensing	requirements	significantly	reduced	the	number	of	radio	frequency	interference	problems.	However,	due	to	the	increasing
number	of	radio	receivers	being	located	in	homes,	the	general	public	was	introduced	to	a	variety	of	new	EMC	problems.	Unintentional	electromagnetic	radiation	sources	such	as	thunderstorms,	gasoline	engines,	and	electric	appliances	often	created	bigger	interference	problems	than	intentional	radio	transmitters.	Intrasystem	interference	was	also	a
growing	concern.	Super	heterodyne	receivers	contain	their	own	local	oscillator,	which	had	to	be	isolated	from	other	parts	of	the	radio's	own	circuit.	Radios	and	phonographs	were	lumped	together	in	home	entertainment	systems.	Radios	were	installed	in	automobiles,	elevators,	tractors,	and	airplanes.	The	developers	and	manufacturers	of	these
systems	found	it	necessary	to	develop	better	grounding,	shielding,	and	filtering	techniques	in	order	to	make	their	products	function.	In	the	1940's	many	new	types	of	radio	transmitters	and	receivers	were	developed	for	use	during	World	War	II.	Radio	signals	were	not	only	used	for	communication,	but	also	to	locate	ships	and	planes	(RADAR)	and	to
jam	enemy	radio	communications.	Because	of	the	immediate	need,	this	equipment	was	hurriedly	installed	on	ships	and	planes	resulting	in	severe	EMC	problems.	Experiences	with	electromagnetic	compatibility	problems	during	the	war	prompted	the	development	of	the	first	joint	Army‑Navy	RFI	standard,	JAN‑I‑225,	"Radio	Interference	Measurement,"
published	in	1945.	Much	more	attention	was	devoted	to	RFI	problems	in	general,	and	techniques	for	grounding,	shielding	and	filtering	in	particular.	Electromagnetic	compatibility	became	an	engineering	specialization	in	a	manner	similar	to	antenna	design	or	communications	theory.	In	1954,	the	first	Armour	Research	Foundation	Conference	on	Radio
Frequency	Interference	was	held.	This	annual	conference	was	sponsored	by	both	government	and	industry.	Three	years	later,	the	Professional	Group	on	Radio	Frequency	Interference	was	established	as	the	newest	of	several	professional	groups	of	the	Institute	of	Radio	Engineers.	Today,	this	group	is	known	as	the	Electromagnetic	Compatibility
Society	of	the	Institute	of	Electrical	and	Electronics	Engineers	(IEEE).	During	the	1960's,	electronic	devices	and	systems	became	an	increasingly	important	part	of	our	society	and	were	crucial	to	our	national	defense.	A	typical	aircraft	carrier,	for	example,	employed	35	radio	transmitters,	56	radio	receivers,	5	radars,	7	navigational	aid	systems,	and
well	over	100	antennas	[1].	During	the	Vietnam	War,	Navy	ships	were	often	forced	to	shut	down	critical	systems	in	order	to	allow	other	systems	to	function.	This	alarming	situation	focused	even	more	attention	on	the	issue	of	electromagnetic	compatibility.	Outside	the	military,	an	increasing	dependence	on	computers,	satellites,	telephones,	radio	and
television	made	potential	susceptibility	to	electromagnetic	phenomena	a	very	serious	concern.	The	1970's	witnessed	the	development	of	the	microprocessor	and	the	proliferation	of	small,	low‑cost,	low‑power	semiconductor	devices.	Circuits	utilizing	these	devices	were	much	more	sensitive	to	weak	electromagnetic	fields	than	the	older	vacuum	tube
circuits.	As	a	result,	more	attention	was	directed	toward	solving	an	increasing	number	of	electromagnetic	susceptibility	problems	that	occurred	with	these	circuits.	In	addition	to	traditional	radiated	electromagnetic	susceptibility	(RES)	problems	due	to	intentional	and	unintentional	radio	frequency	transmitters,	three	classes	of	electromagnetic
susceptibility	problems	gained	prominence	in	the	'70s.	Perhaps	the	most	familiar	of	these	is	electrostatic	discharge	(ESD).	An	electrostatic	discharge	occurs	whenever	two	objects	with	a	significantly	different	electric	potential	come	together.	The	"shock"	that	is	felt	when	a	person	reaches	for	a	door	knob	after	walking	across	a	carpet	on	a	dry	day	is	a
common	example.	Even	discharges	too	weak	to	be	felt	however,	are	capable	of	destroying	semiconductor	devices.	Another	electromagnetic	susceptibility	problem	that	gained	notoriety	during	the	'70s	was	referred	to	as	EMP	or	ElectroMagnetic	Pulse.	The	military	realized	that	a	high‑altitude	detonation	of	a	nuclear	warhead	would	generate	an
extremely	intense	pulse	of	electromagnetic	energy	over	a	very	wide	area.	This	pulse	could	easily	damage	or	disable	critical	electronic	systems.	To	address	this	concern,	a	significant	effort	was	initiated	to	develop	shielding	and	surge	protection	techniques	that	would	protect	critical	systems	in	this	very	severe	environment.	The	emergence	of	a	third
electromagnetic	susceptibility	problem,	power	line	transient	susceptibility	(PLT),	was	also	a	direct	consequence	of	the	increased	use	of	semiconductor	devices.	Vacuum	tube	circuits	generally	required	huge	power	supplies	that	tended	to	isolate	the	electronics	from	noise	on	the	power	line.	High‑speed,	low‑power	semiconductor	devices	on	the	other
hand	were	much	more	sensitive	to	transients	and	their	modest	power	requirements	often	resulted	in	the	use	of	relatively	small	low‑cost	supplies	that	did	not	provide	much	isolation	from	the	power	line.	In	addition,	the	low	cost	of	these	devices	meant	that	more	of	them	were	being	located	in	homes	and	offices	where	the	power	distribution	is	generally
not	well	regulated	and	is	relatively	noisy.	The	emphasis	on	electromagnetic	susceptibility	during	the	1970's	is	exemplified	by	the	number	of	task	groups,	test	procedures,	and	product	standards	dealing	with	susceptibility	that	emerged	during	this	decade.	One	organization	established	in	the	late	70's	known	as	the	EOS/ESD	Association	(EOS	is	an
acronym	for	electrical	overstress)	deals	exclusively	with	the	susceptibility	problems	mentioned	above.	Another	change	that	occurred	during	the	60's	and	70's	was	the	gradual	displacement	of	the	term	RFI	by	the	more	general	term	EMI	or	Electromagnetic	Interference.	Since	not	all	interference	problems	occurred	at	radio	frequencies,	this	was
considered	to	be	a	more	descriptive	nomenclature.	EMI	is	often	categorized	as	radiated	EMI	or	conducted	EMI	depending	on	the	coupling	path.	Two	events	in	the	1980's	had	significant,	wide‑ranging	effects	on	the	field	of	electromagnetic	compatibility.	The	introduction	and	proliferation	of	low	priced	personal	computers	and	workstations.	Revisions	to
Part	15	of	the	FCC	Rules	and	Regulations	that	placed	limits	on	the	electromagnetic	emissions	from	computing	devices.	The	proliferation	of	low	priced	computers	was	important	for	two	reasons.	First,	a	large	number	of	consumers	and	manufacturers	were	introduced	to	a	product	that	was	both	a	significant	source	and	receptor	of	electromagnetic
compatibility	problems.	Secondly,	the	availability	of	low	cost,	high	speed	computation	spurred	the	development	of	a	variety	of	numerical	analysis	techniques	that	have	had	an	overwhelming	influence	on	the	ability	of	engineers	to	analyze	and	solve	EMC	problems.	The	FCC	regulations	governing	EMI	from	computing	devices	were	phased	in	between
1980	and	1982.	They	required	all	electronic	devices	operating	at	frequencies	of	9	kHz	or	greater	and	employing	"digital	techniques"	to	meet	stringent	limits	regulating	the	electromagnetic	emissions	radiated	by	the	device	or	coupled	to	the	power	lines.	Virtually	all	computers	and	computer	peripherals	sold	or	advertised	for	sale	in	the	U.S.	must	meet
these	requirements.	Many	other	countries	established	similar	requirements.	In	the	1990's,	the	European	Union	adopted	EMC	regulations	that	went	well	beyond	the	FCC	requirements.	The	European	regulations	limited	unintentional	emissions	from	appliances,	medical	equipment	and	a	wide	variety	of	electronic	devices	that	were	exempt	from	the	FCC
requirements.	In	addition,	the	European	Union	established	requirements	for	the	electromagnetic	immunity	of	these	devices	and	defined	procedures	for	testing	the	susceptibility	of	electronic	systems	to	radiated	electromagnetic	fields,	conducted	power	and	signal	line	noise,	and	electrostatic	discharge.	The	impact	of	these	regulations	was
overwhelming.	At	a	time	when	the	market	for	computers	was	growing	exponentially,	many	of	the	latest,	most	advanced	designs	were	being	held	back	because	they	were	unable	to	meet	government	EMC	requirements.	Companies	formed	EMC	departments	and	advertised	for	EMC	engineers.	An	entire	industry	emerged	to	supply	shielding	materials,
ferrites,	and	filters	to	computer	companies.	EMC	short	courses,	test	labs,	magazines,	and	consultants	began	appearing	throughout	the	world.	The	international	attention	focused	on	EMC	encouraged	additional	research,	and	significant	progress	was	made	toward	the	development	of	more	comprehensive	test	procedures	and	meaningful	standards.	In
the	past	20	years,	several	technology	trends	have	had	a	profound	impact	on	the	relevance	of	EMC	and	the	tools	available	to	ensure	it.	The	emergence	of	the	Internet	of	Things	has	resulted	in	exponential	growth	in	the	number	of	electronic	systems	that	need	to	function	reliably	in	increasingly	complex	electromagnetic	environments.	The	introduction	of
autonomous	vehicles	and	society’s	greater	dependence	on	computers	to	ensure	public	safety	has	resulted	in	a	greater	emphasis	on	the	reliability	of	electronic	systems.	There	is	less	room	for	error	when	it	comes	to	specifying	meaningful	EMC	requirements	and	designing	products	that	are	guaranteed	to	meet	those	requirements.	Fortunately,	the	past
20	years	have	also	resulted	in	significant	breakthroughs	to	aid	engineers	in	their	efforts	to	anticipate	and	correct	potential	EMC	problems.	Aided	by	increasingly	sophisticated	electromagnetic	modeling	tools,	researchers	have	developed	a	much	greater	understanding	of	the	coupling	mechanisms	responsible	for	EMC	issues.	Models	have	been
developed	that	can	anticipate	worst-case	scenarios	and	assist	with	the	development	of	products	that	are	guaranteed	to	meet	their	EMC	requirements.	There	have	also	been	significant	technology	advancements	related	to	the	components	and	materials	available	to	reduce	or	eliminate	unwanted	electromagnetic	coupling.	Examples	include	new
lightweight	and	low-cost	shielding	materials	employing	nanostructures,	thinner	and	more	effective	absorbing	materials,	smaller	passive	filter	components,	more	effective	transient	suppression	components	and	more	sophisticated	digital	devices	capable	of	reduced	emissions	and	greater	electromagnetic	immunity.	The	Future	of	Electromagnetic
Compatibility	Today,	the	trends	of	the	past	20	years	are	continuing.	Computing	devices	are	getting	denser,	faster,	more	complex	and	more	pervasive,	creating	new	challenges	for	the	EMC	engineer.	At	the	same	time,	advances	in	electromagnetic	analysis	and	available	design	options	are	revolutionizing	the	methods	used	to	ensure	compliance	with
EMC	requirements.	Government	and	industry	regulations	and	test	procedures	related	to	electromagnetic	compatibility	continue	to	be	introduced	and	updated	on	a	regular	basis.	Nevertheless,	the	rapid	pace	of	technical	innovation	basically	ensures	that	regulations	alone	will	never	be	sufficient	to	guarantee	the	safety	and	compatibility	of	electronic
systems.	This	makes	it	more	important	than	ever	to	address	electromagnetic	compatibility	issues	early	in	the	design,	rather	than	“fixing”	a	product	after	it	fails	to	meet	a	given	requirement.	Virtually	every	country	in	the	world	regulates	the	electromagnetic	compatibility	of	electronic	products	marketed	or	sold	within	its	borders.	United	States	In	the
United	States,	the	Federal	Communications	Commission	(FCC)	regulates	all	commercial	(i.e.	non-military)	sources	of	electromagnetic	radiation.	The	FCC	Rules	and	Regulations,	Title	47,	Part	15,	specifies	limits	on	the	radiation	from	both	intentional	and	unintentional	radiation	sources.	Sources	of	unintentional	radiation	regulated	by	the	FCC	include
any	unintentional	radiator	(device	or	system)	that	generates	and	uses	timing	pulses	at	a	rate	in	excess	of	9000	pulses	(cycles)	per	second	and	uses	digital	techniques.	This	includes	virtually	every	product	that	employs	a	microprocessor	including	computers,	computer	peripherals,	electronic	games,	office	equipment,	and	point-of-sale	terminals.	Some
categories	of	electronic	equipment	are	specifically	exempt	from	meeting	Part	15	requirements	including	automobiles,	appliances,	and	industrial,	scientific	or	medical	equipment.	It	is	illegal	to	sell	or	advertise	for	sale	any	products	regulated	under	Part	15	until	their	radiated	and	conducted	emissions	have	been	measured	and	found	to	be	in	compliance.
Most	products	regulated	by	Part	15,	Subpart	B	fall	into	one	of	two	categories.	Class	A	devices	are	those	that	are	marketed	for	use	in	a	commercial,	industrial	or	business	environment.	Class	B	devices	are	those	that	are	marketed	for	use	in	the	home.	Class	B	limits	are	more	stringent	than	Class	A	limits	as	indicated	in	the	tables	below.	The	radiated	and
conducted	EMI	test	procedures	are	defined	in	the	ANSI	Standard	C63.4.	The	FCC	Rules	and	Regulations,	Part	15,	only	regulate	electromagnetic	emissions.	Currently	there	are	no	FCC	regulations	pertaining	to	product	immunity	to	electromagnetic	fields.	FCC	Class	A	Conducted	EMI	Limit	Frequency	of	Emission	(MHz)	Quasi-peak	Limit	(dBμV)
Average	Limit	(dBμV)	FCC	Class	B	Conducted	EMI	Limit	Frequency	of	Emission	(MHz)	Quasi-peak	Limit	(dBμV)	Average	Limit	(dBμV)	*	Decreases	with	the	logarithm	of	the	frequency.	FCC	Class	A	10-Meter	Radiated	EMI	Limit	Frequency	of	Emission	(MHz)	Field	Strength	Limit	(dBμV/m)	FCC	Class	B	3-Meter	Radiated	EMI	Limit	Frequency	of
Emission	(MHz)	Field	Strength	Limit	(dBμV/m)	EMC	requirements	for	products	used	by	the	US	military	are	contained	in	a	document	titled	MIL-STD-461	.	This	standard	can	be	applied	to	a	wide	range	of	systems	including	everything	from	power	tools	to	workstations.	Unlike	the	FCC	Regulations,	MIL-STD-461	includes	limits	for	radiated	and	conducted
immunity	as	well	as	radiated	and	conducted	emissions.	European	Union	Countries	in	the	European	Union	(EU)	regulate	both	the	electromagnetic	emissions	and	the	immunity	of	electronic	devices.	The	Electromagnetic	Compatibility	Directive	(EU	Directive	2014/30/EU)	basically	states	that	equipment	must	comply	with	harmonized	standards	on	EMC
and	be	tested	and	labeled	accordingly.	There	are	a	large	number	of	EMC	standards	pertaining	to	various	types	of	equipment.	The	IEC	61000	family	of	standards	cover	immunity	requirements	for	most	commercial	products	while	the	CISPR	32	standard	specifies	limits	on	conducted	and	radiated	emissions.	Other	Countries	Many	other	countries	either
specify	compliance	with	the	FCC	or	EU	EMC	requirements,	or	they	have	their	own	requirements.	Regulations	in	countries	outside	of	the	U.S.	and	Europe	often	resemble	the	FCC	and/or	EU	requirements.	Governmental	bodies	(other	than	those	specified	above)	that	regulate	EMC	in	various	countries	are	listed	below:	Electrical	engineering	concept
Anechoic	RF	chamber	used	for	EMC	testing	(radiated	emissions	and	immunity).	The	furniture	has	to	be	made	of	wood	or	plastic,	not	metal.	Log-periodic	antenna	measurement	for	outdoors	Electromagnetic	compatibility	(EMC)	is	the	ability	of	electrical	equipment	and	systems	to	function	acceptably	in	their	electromagnetic	environment,	by	limiting	the
unintentional	generation,	propagation	and	reception	of	electromagnetic	energy	which	may	cause	unwanted	effects	such	as	electromagnetic	interference	(EMI)	or	even	physical	damage	to	operational	equipment.[1][2]	The	goal	of	EMC	is	the	correct	operation	of	different	equipment	in	a	common	electromagnetic	environment.	It	is	also	the	name	given	to
the	associated	branch	of	electrical	engineering.	EMC	pursues	three	main	classes	of	issue.	Emission	is	the	generation	of	electromagnetic	energy,	whether	deliberate	or	accidental,	by	some	source	and	its	release	into	the	environment.	EMC	studies	the	unwanted	emissions	and	the	countermeasures	which	may	be	taken	in	order	to	reduce	unwanted
emissions.	The	second	class,	susceptibility,	is	the	tendency	of	electrical	equipment,	referred	to	as	the	victim,	to	malfunction	or	break	down	in	the	presence	of	unwanted	emissions,	which	are	known	as	Radio	frequency	interference	(RFI).	Immunity	is	the	opposite	of	susceptibility,	being	the	ability	of	equipment	to	function	correctly	in	the	presence	of
RFI,	with	the	discipline	of	"hardening"	equipment	being	known	equally	as	susceptibility	or	immunity.	A	third	class	studied	is	coupling,	which	is	the	mechanism	by	which	emitted	interference	reaches	the	victim.	Interference	mitigation	and	hence	electromagnetic	compatibility	may	be	achieved	by	addressing	any	or	all	of	these	issues,	i.e.,	quieting	the
sources	of	interference,	inhibiting	coupling	paths	and/or	hardening	the	potential	victims.	In	practice,	many	of	the	engineering	techniques	used,	such	as	grounding	and	shielding,	apply	to	all	three	issues.	The	earliest	EMC	issue	was	lightning	strike	(lightning	electromagnetic	pulse,	or	LEMP)	on	ships	and	buildings.	Lightning	rods	or	lightning
conductors	began	to	appear	in	the	mid-18th	century.	With	the	advent	of	widespread	electricity	generation	and	power	supply	lines	from	the	late	19th	century	on,	problems	also	arose	with	equipment	short-circuit	failure	affecting	the	power	supply,	and	with	local	fire	and	shock	hazard	when	the	power	line	was	struck	by	lightning.	Power	stations	were
provided	with	output	circuit	breakers.	Buildings	and	appliances	would	soon	be	provided	with	input	fuses,	and	later	in	the	20th	century	miniature	circuit	breakers	(MCB)	would	come	into	use.	It	may	be	said	that	radio	interference	and	its	correction	arose	with	the	first	spark-gap	experiment	of	Marconi	in	the	late	1800s.[3]	As	radio	communications
developed	in	the	first	half	of	the	20th	century,	interference	between	broadcast	radio	signals	began	to	occur	and	an	international	regulatory	framework	was	set	up	to	ensure	interference-free	communications.	Switching	devices	became	commonplace	through	the	middle	of	the	20th	century,	typically	in	petrol	powered	cars	and	motorcycles	but	also	in
domestic	appliances	such	as	thermostats	and	refrigerators.	This	caused	transient	interference	with	domestic	radio	and	(after	World	War	II)	TV	reception,	and	in	due	course	laws	were	passed	requiring	the	suppression	of	such	interference	sources.	ESD	problems	first	arose	with	accidental	electric	spark	discharges	in	hazardous	environments	such	as
coal	mines	and	when	refuelling	aircraft	or	motor	cars.	Safe	working	practices	had	to	be	developed.	After	World	War	II	the	military	became	increasingly	concerned	with	the	effects	of	nuclear	electromagnetic	pulse	(NEMP),	lightning	strike,	and	even	high-powered	radar	beams,	on	vehicle	and	mobile	equipment	of	all	kinds,	and	especially	aircraft
electrical	systems.	When	high	RF	emission	levels	from	other	sources	became	a	potential	problem	(such	as	with	the	advent	of	microwave	ovens),	certain	frequency	bands	were	designated	for	Industrial,	Scientific	and	Medical	(ISM)	use,	allowing	emission	levels	limited	only	by	thermal	safety	standards.	Later,	the	International	Telecommunication	Union
adopted	a	Recommendation	providing	limits	of	radiation	from	ISM	devices	in	order	to	protect	radiocommunications.	A	variety	of	issues	such	as	sideband	and	harmonic	emissions,	broadband	sources,	and	the	ever-increasing	popularity	of	electrical	switching	devices	and	their	victims,	resulted	in	a	steady	development	of	standards	and	laws.	From	the
late	1970s,	the	popularity	of	modern	digital	circuitry	rapidly	grew.	As	the	technology	developed,	with	ever-faster	switching	speeds	(increasing	emissions)	and	lower	circuit	voltages	(increasing	susceptibility),	EMC	increasingly	became	a	source	of	concern.	Many	more	nations	became	aware	of	EMC	as	a	growing	problem	and	issued	directives	to	the
manufacturers	of	digital	electronic	equipment,	which	set	out	the	essential	manufacturer	requirements	before	their	equipment	could	be	marketed	or	sold.	Organizations	in	individual	nations,	across	Europe	and	worldwide,	were	set	up	to	maintain	these	directives	and	associated	standards.	In	1979,	the	American	FCC	published	a	regulation	that	required
the	electromagnetic	emissions	of	all	"digital	devices"	to	be	below	certain	limits.[3]	This	regulatory	environment	led	to	a	sharp	growth	in	the	EMC	industry	supplying	specialist	devices	and	equipment,	analysis	and	design	software,	and	testing	and	certification	services.	Low-voltage	digital	circuits,	especially	CMOS	transistors,	became	more	susceptible
to	ESD	damage	as	they	were	miniaturised	and,	despite	the	development	of	on-chip	hardening	techniques,	a	new	ESD	regulatory	regime	had	to	be	developed.	From	the	1980s	on	the	explosive	growth	in	mobile	communications	and	broadcast	media	channels	put	huge	pressure	on	the	available	airspace.	Regulatory	authorities	began	squeezing	band
allocations	closer	and	closer	together,	relying	on	increasingly	sophisticated	EMC	control	methods,	especially	in	the	digital	communications	domain,	to	keep	cross-channel	interference	to	acceptable	levels.	Digital	systems	are	inherently	less	susceptible	than	analogue	systems,	and	also	offer	far	easier	ways	(such	as	software)	to	implement	highly
sophisticated	protection	and	error-correction	measures.	In	1985,	the	USA	released	the	ISM	bands	for	low-power	mobile	digital	communications,	leading	to	the	development	of	Wi-Fi	and	remotely-operated	car	door	keys.	This	approach	relies	on	the	intermittent	nature	of	ISM	interference	and	use	of	sophisticated	error-correction	methods	to	ensure
lossless	reception	during	the	quiet	gaps	between	any	bursts	of	interference.	"Electromagnetic	interference"	(EMI)	is	defined	as	the	"degradation	in	the	performance	of	equipment	or	transmission	channel	or	a	system	caused	by	an	electromagnetic	disturbance"	(IEV	161-01-06)	while	"electromagnetic	disturbance"	is	defined	as	"an	electromagnetic
phenomenon	that	can	degrade	the	performance	of	a	device,	equipment	or	system,	or	adversely	affect	living	or	inert	matter	(IEV	161-01-05).	The	terms	"electromagnetic	disturbance"	and	"electromagnetic	interference"	designate	respectively	the	cause	and	the	effect,[1]	Electromagnetic	compatibility	(EMC)	is	an	equipment	characteristic	or	property
and	is	defined	as	"	the	ability	of	equipment	or	a	system	to	function	satisfactorily	in	its	electromagnetic	environment	without	introducing	intolerable	electromagnetic	disturbances	to	anything	in	that	environment	"	(IEV	161-01-07).[1]	EMC	ensures	the	correct	operation,	in	the	same	electromagnetic	environment,	of	different	equipment	items	which	use
or	respond	to	electromagnetic	phenomena,	and	the	avoidance	of	any	interference.	Another	way	of	saying	this	is	that	EMC	is	the	control	of	EMI	so	that	unwanted	effects	are	prevented.	Besides	understanding	the	phenomena	in	themselves,	EMC	also	addresses	the	countermeasures,	such	as	control	regimes,	design	and	measurement,	which	should	be
taken	in	order	to	prevent	emissions	from	causing	any	adverse	effect.	Main	article:	Electromagnetic	interference	EMC	is	often	understood	as	the	control	of	electromagnetic	interference	(EMI).	Electromagnetic	interference	divides	into	several	categories	according	to	the	source	and	signal	characteristics.	The	origin	of	interference,	often	called	"noise"
in	this	context,	can	be	man-made	(artificial)	or	natural.	Continuous,	or	continuous	wave	(CW),	interference	comprises	a	given	range	of	frequencies.	This	type	is	naturally	divided	into	sub-categories	according	to	frequency	range,	and	as	a	whole	is	sometimes	referred	to	as	"DC	to	daylight".	One	common	classification	is	into	narrowband	and	broadband,
according	to	the	spread	of	the	frequency	range.	An	electromagnetic	pulse	(EMP),	sometimes	called	a	transient	disturbance,	is	a	short-duration	pulse	of	energy.	This	energy	is	usually	broadband	by	nature,	although	it	often	excites	a	relatively	narrow-band	damped	sine	wave	response	in	the	victim.	Pulse	signals	divide	broadly	into	isolated	and	repetitive
events.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	The	four	EMI	coupling	modes	When	a	source	emits	interference,	it	follows	a	route	to	the	victim	known	as	the	coupling
path.	There	are	four	basic	coupling	mechanisms:	conductive,	capacitive,	magnetic	or	inductive,	and	radiative.	Any	coupling	path	can	be	broken	down	into	one	or	more	of	these	coupling	mechanisms	working	together.	Conductive	coupling	occurs	when	the	coupling	path	between	the	source	and	victim	is	formed	by	direct	electrical	contact	with	a
conducting	body.	Capacitive	coupling	occurs	when	a	varying	electrical	field	exists	between	two	adjacent	conductors,	inducing	a	change	in	voltage	on	the	receiving	conductor.	Inductive	coupling	or	magnetic	coupling	occurs	when	a	varying	magnetic	field	exists	between	two	parallel	conductors,	inducing	a	change	in	voltage	along	the	receiving
conductor.	Radiative	coupling	or	electromagnetic	coupling	occurs	when	source	and	victim	are	separated	by	a	large	distance.	Source	and	victim	act	as	radio	antennas:	the	source	emits	or	radiates	an	electromagnetic	wave	which	propagates	across	the	space	in	between	and	is	picked	up	or	received	by	the	victim.	This	section	does	not	cite	any	sources.
Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	The	damaging	effects	of	electromagnetic	interference	pose	unacceptable	risks	in	many	areas	of	technology,	and	it	is	necessary	to	control	such	interference	and
reduce	the	risks	to	acceptable	levels.	The	control	of	electromagnetic	interference	(EMI)	and	assurance	of	EMC	comprises	a	series	of	related	disciplines:	Characterising	the	threat.	Setting	standards	for	emission	and	susceptibility	levels.	Design	for	standards	compliance.	Testing	for	standards	compliance.	The	risk	posed	by	the	threat	is	usually
statistical	in	nature,	so	much	of	the	work	in	threat	characterisation	and	standards	setting	is	based	on	reducing	the	probability	of	disruptive	EMI	to	an	acceptable	level,	rather	than	its	assured	elimination.	For	a	complex	or	novel	piece	of	equipment,	this	may	require	the	production	of	a	dedicated	EMC	control	plan	summarizing	the	application	of	the
above	and	specifying	additional	documents	required.	Characterisation	of	the	problem	requires	understanding	of:	The	interference	source	and	signal.	The	coupling	path	to	the	victim.	The	nature	of	the	victim	both	electrically	and	in	terms	of	the	significance	of	malfunction.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by
adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	A	TV	tuner	card	showing	many	small	bypass	capacitors	and	three	metal	shields:	the	PCI	bracket,	the	metal	box	with	two	coax	inputs,	and	the	shield	for	the	S-Video	connector	Breaking	a	coupling	path	is
equally	effective	at	either	the	start	or	the	end	of	the	path,	therefore	many	aspects	of	good	EMC	design	practice	apply	equally	to	potential	sources	and	to	potential	victims.	A	design	which	easily	couples	energy	to	the	outside	world	will	equally	easily	couple	energy	in	and	will	be	susceptible.	A	single	improvement	will	often	reduce	both	emissions	and
susceptibility.	Grounding	and	shielding	aim	to	reduce	emissions	or	divert	EMI	away	from	the	victim	by	providing	an	alternative,	low-impedance	path.	Techniques	include:	Grounding	or	earthing	schemes	such	as	star	earthing	for	audio	equipment	or	ground	planes	for	RF.	The	scheme	must	also	satisfy	safety	regulations.	Shielded	cables,	where	the
signal	wires	are	surrounded	by	an	outer	conductive	layer	that	is	grounded	at	one	or	both	ends.	Shielded	housings.	A	conductive	metal	housing	will	act	as	an	interference	shield.	In	order	to	access	the	interior,	such	a	housing	is	typically	made	in	sections	(such	as	a	box	and	lid);	an	RF	gasket	may	be	used	at	the	joints	to	reduce	the	amount	of	interference
that	leaks	through.	RF	gaskets	come	in	various	types.	A	plain	metal	gasket	may	be	either	braided	wire	or	a	flat	strip	slotted	to	create	many	springy	"fingers".	Where	a	waterproof	seal	is	required,	a	flexible	elastomeric	base	may	be	impregnated	with	chopped	metal	fibers	dispersed	into	the	interior	or	long	metal	fibers	covering	the	surface	or	both.	Other
general	measures	include:	Decoupling	or	filtering	at	critical	points	such	as	cable	entries	and	high-speed	switches,	using	RF	chokes	and/or	RC	elements.	A	line	filter	implements	these	measures	between	a	device	and	a	line.	Transmission	line	techniques	for	cables	and	wiring,	such	as	balanced	differential	signal	and	return	paths,	and	impedance
matching.	Avoidance	of	antenna	structures	such	as	loops	of	circulating	current,	resonant	mechanical	structures,	unbalanced	cable	impedances	or	poorly	grounded	shielding.	Eliminating	spurious	rectifying	junctions	that	can	form	between	metal	structures	around	and	near	transmitter	installations.	Such	junctions	in	combination	with	unintentional
antenna	structures	can	radiate	harmonics	of	the	transmitter	frequency.	Spread	spectrum	method	reduces	EMC	peaks.	Frequency	spectrum	of	the	heating	up	period	of	a	switching	power	supply	which	uses	the	spread	spectrum	method	incl.	waterfall	diagram	over	a	few	minutes	Additional	measures	to	reduce	emissions	include:	Avoid	unnecessary
switching	operations.	Necessary	switching	should	be	done	as	slowly	as	is	technically	possible.	Noisy	circuits	(e.	g.	with	a	lot	of	switching	activity)	should	be	physically	separated	from	the	rest	of	the	design.	High	peaks	at	single	frequencies	can	be	avoided	by	using	the	spread	spectrum	method,	in	which	different	parts	of	the	circuit	emit	at	different
frequencies.	Harmonic	wave	filters.	Design	for	operation	at	lower	signal	levels,	reducing	the	energy	available	for	emission.	Additional	measures	to	reduce	susceptibility	include:	Fuses,	trip	switches	and	circuit	breakers.	Transient	absorbers.	Design	for	operation	at	higher	signal	levels,	reducing	the	relative	noise	level	in	comparison.	Error-correction
techniques	in	digital	circuitry.	These	may	be	implemented	in	hardware,	software	or	a	combination	of	both.	Differential	signaling	or	other	common-mode	noise	techniques	for	signal	routing	Testing	is	required	to	confirm	that	a	particular	device	meets	the	required	standards.	It	is	divided	broadly	into	emissions	testing	and	susceptibility	testing.	Open-
area	test	sites,	or	OATS,[4]	are	the	reference	sites	in	most	standards.	They	are	especially	useful	for	emissions	testing	of	large	equipment	systems.	However,	RF	testing	of	a	physical	prototype	is	most	often	carried	out	indoors,	in	a	specialized	EMC	test	chamber.	Types	of	the	chamber	include	anechoic,	reverberation	and	the	gigahertz	transverse
electromagnetic	cell	(GTEM	cell).	Sometimes	computational	electromagnetics	simulations	are	used	to	test	virtual	models.	Like	all	compliance	testing,	it	is	important	that	the	test	equipment,	including	the	test	chamber	or	site	and	any	software	used,	be	properly	calibrated	and	maintained.	Typically,	a	given	run	of	tests	for	a	particular	piece	of	equipment
will	require	an	EMC	test	plan	and	a	follow-up	test	report.	The	full	test	program	may	require	the	production	of	several	such	documents.	Emissions	are	typically	measured	for	radiated	field	strength	and	where	appropriate	for	conducted	emissions	along	cables	and	wiring.	Inductive	(magnetic)	and	capacitive	(electric)	field	strengths	are	near-field	effects
and	are	only	important	if	the	device	under	test	(DUT)	is	designed	for	a	location	close	to	other	electrical	equipment.	For	conducted	emissions,	typical	transducers	include	the	LISN	(line	impedance	stabilization	network)	or	AMN	(artificial	mains	network)	and	the	RF	current	clamp.	For	radiated	emission	measurement,	antennas	are	used	as	transducers.
Typical	antennas	specified	include	dipole,	biconical,	log-periodic,	double	ridged	guide	and	conical	log-spiral	designs.	Radiated	emissions	must	be	measured	in	all	directions	around	the	DUT.	Specialized	EMI	test	receivers	or	EMI	analyzers	are	used	for	EMC	compliance	testing.	These	incorporate	bandwidths	and	detectors	as	specified	by	international
EMC	standards.	An	EMI	receiver	may	be	based	on	a	spectrum	analyser	to	measure	the	emission	levels	of	the	DUT	across	a	wide	band	of	frequencies	(frequency	domain),	or	on	a	tunable	narrower-band	device	which	is	swept	through	the	desired	frequency	range.	EMI	receivers	along	with	specified	transducers	can	often	be	used	for	both	conducted	and
radiated	emissions.	Pre-selector	filters	may	also	be	used	to	reduce	the	effect	of	strong	out-of-band	signals	on	the	front-end	of	the	receiver.	Some	pulse	emissions	are	more	usefully	characterized	using	an	oscilloscope	to	capture	the	pulse	waveform	in	the	time	domain.	Radiated	field	susceptibility	testing	typically	involves	a	high-powered	source	of	RF	or
EM	energy	and	a	radiating	antenna	to	direct	the	energy	at	the	potential	victim	or	device	under	test	(DUT).	Conducted	voltage	and	current	susceptibility	testing	typically	involves	a	high-powered	signal	generator,	and	a	current	clamp	or	other	type	of	transformer	to	inject	the	test	signal.	Transient	or	EMP	signals	are	used	to	test	the	immunity	of	the	DUT
against	powerline	disturbances	including	surges,	lightning	strikes	and	switching	noise.[5]	In	motor	vehicles,	similar	tests	are	performed	on	battery	and	signal	lines.[6][7]	The	transient	pulse	may	be	generated	digitally	and	passed	through	a	broadband	pulse	amplifier,	or	applied	directly	to	the	transducer	from	a	specialized	pulse	generator.	Electrostatic
discharge	testing	is	typically	performed	with	a	piezo	spark	generator	called	an	"ESD	pistol".	Higher	energy	pulses,	such	as	lightning	or	nuclear	EMP	simulations,	can	require	a	large	current	clamp	or	a	large	antenna	which	completely	surrounds	the	DUT.	Some	antennas	are	so	large	that	they	are	located	outdoors,	and	care	must	be	taken	not	to	cause
an	EMP	hazard	to	the	surrounding	environment.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	Several	organizations,	both	national	and	international,	work	to	promote
international	co-operation	on	standardization	(harmonization),	including	publishing	various	EMC	standards.	Where	possible,	a	standard	developed	by	one	organization	may	be	adopted	with	little	or	no	change	by	others.	This	helps	for	example	to	harmonize	national	standards	across	Europe.	International	standards	organizations	include:	International
Electrotechnical	Commission	(IEC),	which	has	several	committees	working	full-time	on	EMC	issues.	These	are:	Technical	Committee	77	(TC77),	working	on	electromagnetic	compatibility	between	equipment	including	networks.	Comité	International	Spécial	des	Perturbations	Radioélectriques	(CISPR),	or	International	Special	Committee	on	Radio
Interference.	The	Advisory	Committee	on	Electromagnetic	Compatibility	(ACEC)	co-ordinates	the	IEC's	work	on	EMC	between	these	committees.	International	Organization	for	Standardization	(ISO),	which	publishes	standards	for	the	automotive	industry.	Among	the	main	national	organizations	are:	Europe:	Comité	Européen	de	Normalisation	(CEN)
or	European	Committee	for	Standardization).	Comité	Européen	de	Normalisation	Electrotechniques	(CENELEC)	or	European	Committee	for	Electrotechnical	Standardisation.	European	Telecommunications	Standards	Institute	(ETSI).	United	States:	The	Federal	Communications	Commission	(FCC).	The	Society	of	Automotive	Engineers	(SAE).	The
Radio	Technical	Commission	for	Aeronautics	(RTCA);	see	DO-160	Britain:	The	British	Standards	Institution	(BSI).	Germany:	The	Verband	der	Elektrotechnik,	Elektronik	und	Informationstechnik	(VDE)	or	Association	for	Electrical,	Electronic	and	Information	Technologies.	Compliance	with	national	or	international	standards	is	usually	laid	down	by	laws
passed	by	individual	nations.	Different	nations	can	require	compliance	with	different	standards.	In	European	law,	EU	directive	2014/30/EU	(previously	2004/108/EC)	on	EMC	defines	the	rules	for	the	placing	on	the	market/putting	into	service	of	electric/electronic	equipment	within	the	European	Union.	The	Directive	applies	to	a	vast	range	of
equipment	including	electrical	and	electronic	appliances,	systems	and	installations.	Manufacturers	of	electric	and	electronic	devices	are	advised	to	run	EMC	tests	in	order	to	comply	with	compulsory	CE-labeling.	More	are	given	in	the	list	of	EMC	directives.	Compliance	with	the	applicable	harmonised	standards	whose	reference	is	listed	in	the	OJEU
under	the	EMC	Directive	gives	presumption	of	conformity	with	the	corresponding	essential	requirements	of	the	EMC	Directive.	In	2019,	the	USA	adopted	a	program	for	the	protection	of	critical	infrastructure	against	an	electromagnetic	pulse,	whether	caused	by	a	geomagnetic	storm	or	a	high-altitude	nuclear	weapon.[8]	Conducted	electromagnetic
interference	Crosstalk	IEEE	Electromagnetic	Compatibility	Society	International	Commission	on	Non-Ionizing	Radiation	Protection	(ICNIRP)	List	of	common	EMC	test	standards	Television	interference	^	a	b	c	"Electromagnetic	compatibility	/	Basic	concepts".	IEC/	Electropedia:	The	World's	Online	Electrotechnical	Vocabulary.	Retrieved	2022-04-30.	^
DIN	EN	61000-2-2	VDE	0839-2-2:2003-02	-	Electromagnetic	compatibility	(EMC).	VDE.	2003.	^	a	b	Clayton,	Paul	(2008).	Introduction	to	electromagnetic	compatibility.	Wiley.	p.	10.	ISBN	978-81-265-2875-2.	^	"EMI/EMC	Testing".	discrete.co.in.	Retrieved	2024-07-24.	^	EMC	Testing	and	Standards	in	Transient	Immunity	Testing,	RF	Immunity.
Electronics-project-design.com.	Retrieved	on	2011-07-19.	^	ISO	7637-2:2004/Amd	1:2008.	Iso.org	(2011-03-01).	Retrieved	on	2011-07-19.	^	ISO	7637-3:2007	–	Road	vehicles	–	Electrical	disturbances	from	conduction	and	coupling	–	Part	3:	Electrical	transient	transmission	by	capacitive	and	inductive	coupling	via	lines	other	than	supply	lines.	Iso.org
(2010-09-06).	Retrieved	on	2011-07-19.	^		This	article	incorporates	public	domain	material	from	Executive	Order	on	Coordinating	National	Resilience	to	Electromagnetic	Pulses.	United	States	government.	The	Wikibook	Practical	Electronics	has	a	page	on	the	topic	of:	EMC	design	guidelines	EMC-Directive	European	Commission	–	Harmonised
standards	for	EMC	What	is	EMC?	YouTube	video.	Introduction	to	EMC	Basics	in	EMC/EMI	and	Powerquality	Analog,	RF	and	EMC	Considerations	in	Printed	Wiring	Board	(PWB)	Design	Application	Note:	Design	for	EMC	Compliance	Design	for	EMC	-	Effects	of	Via	Slots,	Split	Planes,	Gaps	and	Return	Paths	on	Clock	Signal	Archived	2015-09-07	at	the
Wayback	Machine	EMC	engineering	practices	for	panel	builders	EMC	Resources	(Clemson	University)	Retrieved	from	"	Electromagnetic	Compatibility	(EMC)	refers	to	the	ability	of	electronic	devices	and	systems	to	function	without	causing	interference	or	being	affected	by	the	electromagnetic	emissions	from	other	nearby	devices.	It	ensures	that
devices	coexist	and	operate	efficiently	in	their	intended	environment	without	causing	disruptions.	EMC	compliance	is	often	required	by	regulations	and	industry	standards	to	ensure	safety,	reliability,	and	proper	functionality.	Phonetic	The	phonetic	pronunciation	of	“Electromagnetic	Compatibility”	is:ih-lek-tro-mag-net-ik	kuhm-pat-uh-bil-i-tee	Key
Takeaways	Electromagnetic	Compatibility	(EMC)	ensures	that	electronic	devices	operate	optimally	without	causing	any	harmful	interference	or	disturbance	to	other	devices	within	their	proximity.	EMC	can	be	divided	into	two	main	categories:	emissions,	which	focuses	on	controlling	the	release	of	electromagnetic	energy	by	devices,	and	immunity,
which	ensures	devices	can	function	optimally	in	the	presence	of	electromagnetic	disturbances.	EMC	is	a	critical	aspect	of	product	design	and	testing,	as	it	helps	comply	with	regulatory	standards,	reduces	malfunction	risks,	ensures	safe	operation,	and	improves	product	reliability	and	quality.	Importance	of	Electromagnetic	Compatibility
Electromagnetic	Compatibility	(EMC)	is	a	crucial	aspect	of	technology	as	it	ensures	the	seamless	operation	of	electronic	devices	within	a	shared	environment	without	causing	any	interference	or	disturbance	to	each	other.	It	involves	the	design	and	implementation	of	equipment,	systems,	and	processes	in	such	a	way	that	they	can	function	efficiently,
alongside	other	devices,	without	generating	unacceptable	levels	of	electromagnetic	disruption.	EMC	consequently	plays	a	vital	role	in	maintaining	the	reliability,	safety,	and	performance	of	electronic	systems,	thus	contributing	to	the	overall	quality	of	products	and	user	experiences	in	our	increasingly	interconnected	and	technology-dependent	world.
Explanation	Electromagnetic	Compatibility	(EMC)	is	a	critical	aspect	of	modern	electronic	device	design,	ensuring	that	electronic	systems	can	coexist	with	one	another	while	sharing	the	same	environment	without	causing	interference	or	disruptions.	The	purpose	of	EMC	is	to	control	the	unintended	generation,	propagation,	and	reception	of
electromagnetic	energy	that	can	cause	a	broad	range	of	issues,	such	as	poor	signal	quality,	malfunctions,	or	even	equipment	damage.	It	encompasses	both	the	ability	of	a	device	to	operate	effectively	without	impacting	nearby	electronic	systems	negatively	and	its	ability	to	withstand	interference	from	other	sources.	As	our	society	grows	increasingly
reliant	on	electronic	devices	across	various	industries,	including	telecommunications,	aerospace,	automotive,	and	healthcare,	achieving	and	maintaining	EMC	has	become	vital.	To	address	EMC	concerns,	manufacturers	follow	specific	testing	procedures	and	adhere	to	internationally	accepted	standards	and	guidelines.	This	process	includes
determining	the	acceptable	level	of	electromagnetic	emissions	produced	by	the	device	(immunity)	and	its	ability	to	tolerate	electromagnetic	interference	from	external	sources	(susceptibility).	There	are	two	types	of	compatibility	issues	that	need	to	be	considered:	radiated	and	conducted	emissions.	Radiated	emissions	are	those	that	travel	through	the
air,	while	conducted	emissions	occur	through	electrical	conductors	like	power	cables	and	data	lines.	Ensuring	that	devices	meet	a	minimum	EMC	threshold	ensures	that	they	can	function	safely	and	effectively	within	a	shared	electromagnetic	environment,	thus	reducing	the	risk	of	damaging	or	crippling	multiple	systems.	The	development	and
implementation	of	EMC	best	practices	contribute	to	the	seamless	operation	of	the	sophisticated	electronic	networks	that	underpin	everyday	life	and	the	global	economy.	Examples	of	Electromagnetic	Compatibility	Electromagnetic	Compatibility	(EMC)	ensures	that	electronic	devices	can	operate	efficiently	and	safely,	without	causing	performance
issues	or	interference	to	other	devices.	Here	are	three	real-world	examples	of	how	EMC	is	applied	in	various	industries	and	situations:	Healthcare:	In	hospitals,	it	is	critical	to	ensure	that	medical	devices	such	as	MRI	machines,	patient	monitors,	and	heart	pacemakers	do	not	interfere	with	each	other.	Electromagnetic	Compatibility	ensures	that
medical	equipment	operates	safely	and	without	disruptions,	which	is	essential	for	providing	accurate	medical	diagnoses	and	effective	treatments	for	patients.	Consumer	Electronics:	Many	households	have	multiple	electronic	devices,	including	smartphones,	televisions,	computers,	and	Wi-Fi	routers,	all	operating	simultaneously	without	causing
interference.	EMC	standards	help	ensure	that	these	devices	can	coexist	and	work	efficiently,	improving	user	experience	and	preventing	any	potential	disruptions	or	damage	to	these	devices	due	to	electromagnetic	interference.	Automotive	Industry:	In	modern	cars,	advanced	driver	assistance	systems	(ADAS)	and	electronic	components	are	used	for



various	functions,	ranging	from	navigation	to	braking	and	lane	assistance.	EMC	ensures	that	these	systems	function	seamlessly	and	do	not	interfere	with	one	another	or	other	devices	nearby,	contributing	to	safer	and	more	reliable	transportation	for	drivers	and	passengers.	Electromagnetic	Compatibility	FAQ	What	is	Electromagnetic	Compatibility
(EMC)?	Electromagnetic	Compatibility	(EMC)	is	the	ability	of	electrical	and	electronic	systems	or	devices	to	operate	without	causing	unacceptable	interference	to	other	systems	or	devices	and	to	be	immune	to	external	interference.	Why	is	Electromagnetic	Compatibility	important?	EMC	is	important	as	it	ensures	the	reliable	and	safe	operation	of
electronic	devices.	It	ensures	that	electronic	systems	can	operate	in	their	intended	environment	without	causing	distortions	or	disruptions	to	other	nearby	devices,	and	also	provides	protection	from	external	electromagnetic	interference	that	might	affect	their	performance.	What	are	the	types	of	Electromagnetic	Interference	(EMI)?	Types	of	EMI
include	conducted	interference,	radiated	interference,	continuous	EMI,	and	intermittent	EMI.	Conducted	EMI	occurs	through	electrical	conductors,	while	radiated	EMI	is	transmitted	through	the	air.	Continuous	EMI	is	a	constant	source	of	disturbance,	while	intermittent	EMI	occurs	in	irregular	intervals	or	bursts.	What	are	the	key	components	of
EMC	testing?	Key	components	include	Emissions	testing	and	Immunity	testing.	Emissions	testing	measures	the	amount	of	electromagnetic	energy	radiated	or	conducted	by	a	device,	ensuring	it	does	not	exceed	the	defined	limits.	Immunity	testing	ensures	a	device	can	function	properly	in	the	presence	of	EMI,	by	verifying	its	resistance	to	external
disturbances	like	electromagnetic	fields	and	voltage	surges.	How	can	I	ensure	my	electronic	device	meets	EMC	requirements?	Ensuring	EMC	compliance	involves	several	steps	like:	understanding	the	relevant	standards,	designing	the	device	with	EMC	principles	in	mind,	testing	during	the	development	stages,	and	using	a	certified	laboratory	for	final
evaluation.	Following	these	steps	and	adhering	to	best	practices	can	help	your	device	achieve	compliance	with	EMC	requirements.	Related	Technology	Terms	EMI	(Electromagnetic	Interference)	EMC	Testing	(Electromagnetic	Compatibility	Testing)	EMC	Standards	(Electromagnetic	Compatibility	Standards)	EMC	Design	(Electromagnetic
Compatibility	Design)	RF	Shielding	(Radio	Frequency	Shielding)	Sources	for	More	Information	Published:	09.08.2023	|	Reading	Time:	6	minutes	This	text	is	machine	translated.			In	order	to	better	understand	electromagnetic	compatibility,	let's	revisit	the	example	mentioned	at	the	beginning	with	the	racetrack	and	the	television.	The	flying	sparks
during	current	transmission	at	the	sliding	contacts	generate	very	high	voltage	peaks.	These	can	spread	back	into	the	power	grid	via	the	conductors	in	the	rails	and	the	transformer.	At	the	same	time,	the	current	conductors	in	the	rails	and	the	connecting	cables	of	the	transformer	act	like	antennas,	so	that	the	high-frequency	components	of	the	voltage
peaks	are	emitted	as	electromagnetic	radio	waves.	As	a	result,	the	interference	with	the	television	was	mostly	via	the	power	grid	and	partly	via	direct	radio	radiation.		Thanks	to	the	minimal	interference	emission	and	maximum	interference	immunity,	the	simultaneous	interference-free	operation	of	many	devices	and	systems	is	possible	without	any
problems.	Even	in	the	smallest	of	spaces	and	in	the	same	electromagnetic	environment.	The	various	requirements	of	the	DIN	VDE	regulations	on	EMC	have	since	been	incorporated	into	the	European	standards	(EN	standards)	and	international	standards	(IEC).		The	three	letters	EMI	are	often	used	in	connection	with	EMC.	The	abbreviation	EMI
stands	for	Electromagnetic	Interference,	among	other	things.	Interference	is	the	superposition	of	waves,	whereby	the	waves	can	amplify	or	cancel	each	other	out	depending	on	their	phase	position.	Electromagnetic	interference	describes	an	operational	disturbance	caused	by	the	electromagnetic	field	of	an	external	source	in	an	electronic	device.
Natural	sources	of	interference	include,	for	example,	solar	radiation	or	electrostatic	discharges	(lightning).	Man-made	sources	include	power	lines,	electrical	devices	and	radio	transmitters.	In	order	for	two	systems	to	interact	with	each	other,	there	must	be	a	connection	or	transmission.	Experts	then	speak	of	a	coupling	that	exists	between	the
interference	source	(transmitter)	and	the	interference	sink	(receiver).	Depending	on	how	the	systems	are	mechanically	constructed,	the	coupling	can	take	place	in	different	ways:	The	reduction	or	suppression	of	EMI	and	RFI	interference	is	a	very	complex	issue	that	must	be	taken	into	account	during	the	development	of	a	product.	Otherwise,	there	is	a
risk	that	the	product	will	fail	the	final	EMC	test	and	a	cost-intensive	redesign	of	the	finished	device	will	be	necessary.	In	this	case,	it	is	then	necessary	to	check	exactly	which	interference	faults	occur	at	which	points	and	how	this	can	be	prevented.	For	appliances	that	have	a	mains	connection	cable,	so-called	interference	suppression	filters	are	used.
These	mains	filters	are	located	directly	at	the	input	of	the	power	line	and	contain	specially	tuned	coils	and	capacitors.	This	prevents	the	interference	generated	in	the	appliance	from	reaching	the	outside	via	the	power	cable.	At	the	same	time,	the	mains	filters	ensure	that	any	interference	can	enter	the	appliance	via	the	mains	connection	cable.	In
accordance	with	the	standards	EN	IEC	61000-6-1:2019	and	EN	IEC	61000-6-2:2019,	a	distinction	is	made	between	two	classes	for	high-frequency	devices	that	unintentionally	emit	high-frequency	fields:	EMC	class	A	for	use	in	industrial	environments	EMC	class	B	for	use	in	or	in	the	immediate	vicinity	of	residential,	commercial	and	industrial	areas	The
EMC	Machinery	Directive	(2003/42/EC)	applies	to	machines	with	electrical	or	electronic	components	that	cause	electromagnetic	emissions	or	are	exposed	to	interference	radiation	in	the	form	of	electromagnetic	fields.	The	measurement	methods	and	test	setups	used	are	always	tailored	to	the	device	to	be	tested	and	can	vary	greatly.	Irrespective	of
this,	a	passed	EMC	test	can	serve	as	the	basis	for	CE	marking	if	required.	As	the	EU	Directive	2014/30/EU	(EMC	Directive)	on	compliance	with	EMC	requirements	does	not	have	the	character	of	a	law,	the	EU	member	states	had	to	convert	the	EMC	Directive	into	a	national	law.	In	Germany,	the	Electromagnetic	Compatibility	Act	(EMVG)	was	therefore
passed	in	2016.	This	law	is	binding	for	manufacturers,	distributors	and	dealers.	Like	the	EMC	Directive,	the	EMC	Act	does	not	contain	any	technical	specifications	regarding	the	permissible	limit	values.	These	are	laid	down	in	the	various	standards	that	must	be	applied.	Even	if	it	is	not	currently	mandatory,	EMC	tests	should	definitely	be	carried	out
prior	to	market	launch.	This	is	because	if	a	non-EMC-compliant	or	EMC-compliant	product	emits	an	excessively	strong	electromagnetic	interference	signal,	the	authorities	will	demand	that	the	defect	be	rectified	quickly.	This	then	affects	the	devices	on	the	market	as	well	as	the	entire	stock.	If	the	request	is	not	complied	with	immediately,	there	is	a
risk	of	high	fines,	product	recalls	and	sales	bans.	If	there	is	an	immediate	danger	to	life	and	limb,	the	affected	appliances	will	even	be	destroyed.	The	Electromagnetic	Compatibility	(EMC)	Directive	2014/30/EU	is	one	of	the	key	pieces	of	legislation	that	governs	the	placement	of	electrical	and	electronic	equipment	on	the	European	market.	Its	purpose
is	to	ensure	that	equipment	does	not	generate	electromagnetic	disturbances	or	is	not	adversely	affected	by	them.	It’s	also	one	of	several	directives	that	fall	under	the	umbrella	of	the	CE	marking	requirements.		For	most	electrical	and	electronic	products	sold	within	the	European	Economic	Area	(EEA),	demonstrating	compliance	with	the	EMC
Directive	is	a	mandatory	part	of	the	CE	marking	process.	This	guide	explains	what	the	EMC	Directive	covers,	who	it	applies	to,	what	testing	and	documentation	are	required,	and	how	to	demonstrate	full	compliance	to	support	CE	marking.	You	can	download	the	full	version	of	the	EMC	Directive	here.	What	is	the	EMC	Directive,	and	which	equipment
does	it	apply	to?	The	EMC	Directive	is	a	European	regulation	that	ensures	the	electromagnetic	compatibility	of	electrical	and	electronic	equipment.		It	applies	to	both	apparatus	(finished,	market-ready	products)	and	fixed	installations	(permanently	installed	equipment	within	a	defined	site).	The	directive	has	two	core	objectives:	To	prevent	electrical
and	electronic	equipment	from	generating	electromagnetic	disturbances	that	interfere	with	telecommunications,	radio,	and	other	equipment.	To	ensure	that	equipment	is	immune	to	electromagnetic	interference,	so	it	can	operate	reliably	in	its	intended	environment.	The	EMC	Directive	applies	to	the	majority	of	mains-	or	battery-powered	products.
However,	it	does	not	apply	to	subassemblies	or	components	that	do	not	have	an	intrinsic	function	(e.g.	they	are	only	functional	when	part	of	a	larger	system).		Some	categories	are	also	regulated	by	separate	directives,	including:	Medical	devices	Communication	equipment	Road	and	agricultural	vehicles	Military	equipment	Who’s	responsible	for	EMC
compliance?	Manufacturers	are	primarily	responsible	for	ensuring	products	meet	the	EMC	requirements.	However,	importers	and	distributors	also	have	legal	obligations.	Importers	must	ensure	products	carry	the	CE	mark	and	are	accompanied	by	appropriate	documentation.	Distributors	must	verify	that	products	are	correctly	labelled	and	compliant
before	placing	them	on	the	market.	All	economic	operators	must	cooperate	with	national	authorities	to	provide	access	to	conformity	documentation	and	assist	in	corrective	actions	if	needed.	Who	enforces	EMC,	and	what	are	the	penalties	for	non-compliance?	In	the	UK,	the	EMC	Directive	is	implemented	through	the	Electromagnetic	Compatibility
Regulations	2016.	Enforcement	authorities,	such	as	Trading	Standards	and	Ofcom,	oversee	compliance.	Penalties	for	non-compliance	can	include:	A	fine	of	up	to	£5,000	Imprisonment	for	up	to	three	months	Mandatory	recall	or	withdrawal	of	non-compliant	products	from	the	market	Find	out	more	in	the	UK	Government’s	statutory	guidance	here.	How
do	you	carry	out	testing	against	the	EMC	Directive?	To	demonstrate	EMC	Directive	conformity,	manufacturers	must	test	their	equipment	for	both	electromagnetic	emissions	and	immunity.		There	are	five	key	assessment	classes,	each	targeting	specific	risks:	Radiated	emissions:	Ensures	the	equipment	does	not	emit	disruptive	radio	signals.	Conducted
emissions:	Ensures	signals	are	not	unintentionally	transmitted	via	supply	or	connection	lines.	Radiated	susceptibility:	Checks	the	equipment’s	ability	to	function	in	a	standard	electromagnetic	environment.	Conducted	susceptibility:	Verifies	that	equipment	remains	functional	when	subjected	to	interference	through	power	or	signal	connections.
Electrostatic	discharge:	Tests	the	product’s	resistance	to	static	discharge	during	normal	handling	or	operation.	Before	testing	begins,	manufacturers	must	ensure	the	equipment	is:	Fully	assembled	and	functional	Connected	to	its	usual	operating	systems	Running	in	normal	production	mode	Energised	with	any	required	DC	or	RF	power	sources	In
some	cases,	where	product	design	or	performance	requires	it,	manufacturers	may	voluntarily	engage	a	Notified	Body	to	carry	out	EMC	assessments.	While	this	is	not	mandatory	under	the	EMC	Directive,	it	can	help	de-risk	compliance	for	more	complex	or	high-stakes	products.	What	documentation	do	you	need?	Under	the	EMC	Directive,
manufacturers	are	required	to	establish	technical	documentation	that	demonstrates	the	conformity	of	their	equipment	with	the	directive's	essential	requirements.		This	documentation	must	be	sufficiently	detailed	to	allow	for	the	assessment	of	the	product's	compliance	and	should	encompass	all	relevant	aspects	of	design,	manufacture,	and	operation.
The	technical	documentation	should	include:	A	general	description	of	the	equipment	Design	and	manufacturing	drawings,	along	with	schemes	of	components,	sub-assemblies,	and	circuits	Explanations	are	necessary	for	understanding	the	drawings	and	the	operation	of	the	equipment	A	list	of	harmonised	standards	applied	in	full	or	in	part,	and	where
these	standards	have	not	been	applied,	descriptions	of	the	solutions	adopted	to	meet	the	essential	requirements	Results	of	design	calculations,	examinations	carried	out,	etc	The	manufacturer	must	keep	this	documentation	for	10	years	after	the	equipment	is	placed	on	the	market	and	should	make	it	available	to	the	competent	national	authorities	upon
request.	It's	important	to	note	that	while	the	EMC	Directive	allows	manufacturers	to	self-assess	their	products,	involving	a	Notified	Body	can	be	beneficial,	especially	for	complex	products	or	when	harmonised	standards	are	not	fully	applied.		A	Notified	Body	can	provide	an	independent	assessment	of	the	technical	documentation	and	the	conformity	of
the	product.	How	does	EMC	fit	into	CE	marking	regulations?	Many	electrical	and	electronic	products	placed	on	the	European	market	fall	under	more	than	one	EU	directive.		While	the	EMC	Directive	ensures	electromagnetic	compatibility,	it	doesn’t	cover	all	safety	or	performance	aspects	of	a	product.	For	example,	equipment	may	also	fall	under	the
Low	Voltage	Directive	or	the	Machinery	Directive,	as	well	as	EMC.	In	these	cases,	the	manufacturer	must:	Identify	all	applicable	directives	based	on	the	product	type,	intended	use,	and	environment	Ensure	the	product	meets	the	essential	requirements	of	each	directive,	which	may	include	safety,	energy	efficiency,	or	hazardous	substance	restrictions
Compile	a	single	technical	file	that	covers	the	conformity	assessment	evidence	for	all	applicable	directives	Draft	a	single	Declaration	of	Conformity	(DoC)	that	references	each	relevant	directive	and	harmonised	standard	Affix	the	CE	mark,	which	symbolises	compliance	with	all	relevant	EU	legislation,	not	just	one	Note	that,	the	CE	mark	does	not
indicate	conformity	with	a	single	directive.	It	represents	compliance	with	all	EU	legislation	applicable	to	the	product.	Download	our	free	guide	here	for	more	information	on	complying	with	CE	regulations.	Comply	with	the	EMC	Directive	with	total	confidence	Our	start-to-finish	EMC	testing	service	for	large	and	medium-sized	capital	equipment	covers
every	step	of	the	process,	from	testing	against	relevant	measures	to	compiling	your	technical	documentation	and	addressing	remedial	actions.	See	our	EMC	testing	service	page	here	to	learn	more.	Electrical	engineering	concept	Anechoic	RF	chamber	used	for	EMC	testing	(radiated	emissions	and	immunity).	The	furniture	has	to	be	made	of	wood	or
plastic,	not	metal.	Log-periodic	antenna	measurement	for	outdoors	Electromagnetic	compatibility	(EMC)	is	the	ability	of	electrical	equipment	and	systems	to	function	acceptably	in	their	electromagnetic	environment,	by	limiting	the	unintentional	generation,	propagation	and	reception	of	electromagnetic	energy	which	may	cause	unwanted	effects	such
as	electromagnetic	interference	(EMI)	or	even	physical	damage	to	operational	equipment.[1][2]	The	goal	of	EMC	is	the	correct	operation	of	different	equipment	in	a	common	electromagnetic	environment.	It	is	also	the	name	given	to	the	associated	branch	of	electrical	engineering.	EMC	pursues	three	main	classes	of	issue.	Emission	is	the	generation	of
electromagnetic	energy,	whether	deliberate	or	accidental,	by	some	source	and	its	release	into	the	environment.	EMC	studies	the	unwanted	emissions	and	the	countermeasures	which	may	be	taken	in	order	to	reduce	unwanted	emissions.	The	second	class,	susceptibility,	is	the	tendency	of	electrical	equipment,	referred	to	as	the	victim,	to	malfunction
or	break	down	in	the	presence	of	unwanted	emissions,	which	are	known	as	Radio	frequency	interference	(RFI).	Immunity	is	the	opposite	of	susceptibility,	being	the	ability	of	equipment	to	function	correctly	in	the	presence	of	RFI,	with	the	discipline	of	"hardening"	equipment	being	known	equally	as	susceptibility	or	immunity.	A	third	class	studied	is
coupling,	which	is	the	mechanism	by	which	emitted	interference	reaches	the	victim.	Interference	mitigation	and	hence	electromagnetic	compatibility	may	be	achieved	by	addressing	any	or	all	of	these	issues,	i.e.,	quieting	the	sources	of	interference,	inhibiting	coupling	paths	and/or	hardening	the	potential	victims.	In	practice,	many	of	the	engineering
techniques	used,	such	as	grounding	and	shielding,	apply	to	all	three	issues.	The	earliest	EMC	issue	was	lightning	strike	(lightning	electromagnetic	pulse,	or	LEMP)	on	ships	and	buildings.	Lightning	rods	or	lightning	conductors	began	to	appear	in	the	mid-18th	century.	With	the	advent	of	widespread	electricity	generation	and	power	supply	lines	from
the	late	19th	century	on,	problems	also	arose	with	equipment	short-circuit	failure	affecting	the	power	supply,	and	with	local	fire	and	shock	hazard	when	the	power	line	was	struck	by	lightning.	Power	stations	were	provided	with	output	circuit	breakers.	Buildings	and	appliances	would	soon	be	provided	with	input	fuses,	and	later	in	the	20th	century
miniature	circuit	breakers	(MCB)	would	come	into	use.	It	may	be	said	that	radio	interference	and	its	correction	arose	with	the	first	spark-gap	experiment	of	Marconi	in	the	late	1800s.[3]	As	radio	communications	developed	in	the	first	half	of	the	20th	century,	interference	between	broadcast	radio	signals	began	to	occur	and	an	international	regulatory
framework	was	set	up	to	ensure	interference-free	communications.	Switching	devices	became	commonplace	through	the	middle	of	the	20th	century,	typically	in	petrol	powered	cars	and	motorcycles	but	also	in	domestic	appliances	such	as	thermostats	and	refrigerators.	This	caused	transient	interference	with	domestic	radio	and	(after	World	War	II)	TV
reception,	and	in	due	course	laws	were	passed	requiring	the	suppression	of	such	interference	sources.	ESD	problems	first	arose	with	accidental	electric	spark	discharges	in	hazardous	environments	such	as	coal	mines	and	when	refuelling	aircraft	or	motor	cars.	Safe	working	practices	had	to	be	developed.	After	World	War	II	the	military	became
increasingly	concerned	with	the	effects	of	nuclear	electromagnetic	pulse	(NEMP),	lightning	strike,	and	even	high-powered	radar	beams,	on	vehicle	and	mobile	equipment	of	all	kinds,	and	especially	aircraft	electrical	systems.	When	high	RF	emission	levels	from	other	sources	became	a	potential	problem	(such	as	with	the	advent	of	microwave	ovens),
certain	frequency	bands	were	designated	for	Industrial,	Scientific	and	Medical	(ISM)	use,	allowing	emission	levels	limited	only	by	thermal	safety	standards.	Later,	the	International	Telecommunication	Union	adopted	a	Recommendation	providing	limits	of	radiation	from	ISM	devices	in	order	to	protect	radiocommunications.	A	variety	of	issues	such	as
sideband	and	harmonic	emissions,	broadband	sources,	and	the	ever-increasing	popularity	of	electrical	switching	devices	and	their	victims,	resulted	in	a	steady	development	of	standards	and	laws.	From	the	late	1970s,	the	popularity	of	modern	digital	circuitry	rapidly	grew.	As	the	technology	developed,	with	ever-faster	switching	speeds	(increasing
emissions)	and	lower	circuit	voltages	(increasing	susceptibility),	EMC	increasingly	became	a	source	of	concern.	Many	more	nations	became	aware	of	EMC	as	a	growing	problem	and	issued	directives	to	the	manufacturers	of	digital	electronic	equipment,	which	set	out	the	essential	manufacturer	requirements	before	their	equipment	could	be	marketed
or	sold.	Organizations	in	individual	nations,	across	Europe	and	worldwide,	were	set	up	to	maintain	these	directives	and	associated	standards.	In	1979,	the	American	FCC	published	a	regulation	that	required	the	electromagnetic	emissions	of	all	"digital	devices"	to	be	below	certain	limits.[3]	This	regulatory	environment	led	to	a	sharp	growth	in	the	EMC
industry	supplying	specialist	devices	and	equipment,	analysis	and	design	software,	and	testing	and	certification	services.	Low-voltage	digital	circuits,	especially	CMOS	transistors,	became	more	susceptible	to	ESD	damage	as	they	were	miniaturised	and,	despite	the	development	of	on-chip	hardening	techniques,	a	new	ESD	regulatory	regime	had	to	be
developed.	From	the	1980s	on	the	explosive	growth	in	mobile	communications	and	broadcast	media	channels	put	huge	pressure	on	the	available	airspace.	Regulatory	authorities	began	squeezing	band	allocations	closer	and	closer	together,	relying	on	increasingly	sophisticated	EMC	control	methods,	especially	in	the	digital	communications	domain,	to
keep	cross-channel	interference	to	acceptable	levels.	Digital	systems	are	inherently	less	susceptible	than	analogue	systems,	and	also	offer	far	easier	ways	(such	as	software)	to	implement	highly	sophisticated	protection	and	error-correction	measures.	In	1985,	the	USA	released	the	ISM	bands	for	low-power	mobile	digital	communications,	leading	to
the	development	of	Wi-Fi	and	remotely-operated	car	door	keys.	This	approach	relies	on	the	intermittent	nature	of	ISM	interference	and	use	of	sophisticated	error-correction	methods	to	ensure	lossless	reception	during	the	quiet	gaps	between	any	bursts	of	interference.	"Electromagnetic	interference"	(EMI)	is	defined	as	the	"degradation	in	the
performance	of	equipment	or	transmission	channel	or	a	system	caused	by	an	electromagnetic	disturbance"	(IEV	161-01-06)	while	"electromagnetic	disturbance"	is	defined	as	"an	electromagnetic	phenomenon	that	can	degrade	the	performance	of	a	device,	equipment	or	system,	or	adversely	affect	living	or	inert	matter	(IEV	161-01-05).	The	terms
"electromagnetic	disturbance"	and	"electromagnetic	interference"	designate	respectively	the	cause	and	the	effect,[1]	Electromagnetic	compatibility	(EMC)	is	an	equipment	characteristic	or	property	and	is	defined	as	"	the	ability	of	equipment	or	a	system	to	function	satisfactorily	in	its	electromagnetic	environment	without	introducing	intolerable
electromagnetic	disturbances	to	anything	in	that	environment	"	(IEV	161-01-07).[1]	EMC	ensures	the	correct	operation,	in	the	same	electromagnetic	environment,	of	different	equipment	items	which	use	or	respond	to	electromagnetic	phenomena,	and	the	avoidance	of	any	interference.	Another	way	of	saying	this	is	that	EMC	is	the	control	of	EMI	so
that	unwanted	effects	are	prevented.	Besides	understanding	the	phenomena	in	themselves,	EMC	also	addresses	the	countermeasures,	such	as	control	regimes,	design	and	measurement,	which	should	be	taken	in	order	to	prevent	emissions	from	causing	any	adverse	effect.	Main	article:	Electromagnetic	interference	EMC	is	often	understood	as	the
control	of	electromagnetic	interference	(EMI).	Electromagnetic	interference	divides	into	several	categories	according	to	the	source	and	signal	characteristics.	The	origin	of	interference,	often	called	"noise"	in	this	context,	can	be	man-made	(artificial)	or	natural.	Continuous,	or	continuous	wave	(CW),	interference	comprises	a	given	range	of
frequencies.	This	type	is	naturally	divided	into	sub-categories	according	to	frequency	range,	and	as	a	whole	is	sometimes	referred	to	as	"DC	to	daylight".	One	common	classification	is	into	narrowband	and	broadband,	according	to	the	spread	of	the	frequency	range.	An	electromagnetic	pulse	(EMP),	sometimes	called	a	transient	disturbance,	is	a	short-
duration	pulse	of	energy.	This	energy	is	usually	broadband	by	nature,	although	it	often	excites	a	relatively	narrow-band	damped	sine	wave	response	in	the	victim.	Pulse	signals	divide	broadly	into	isolated	and	repetitive	events.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced
material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	The	four	EMI	coupling	modes	When	a	source	emits	interference,	it	follows	a	route	to	the	victim	known	as	the	coupling	path.	There	are	four	basic	coupling	mechanisms:	conductive,	capacitive,	magnetic	or	inductive,	and	radiative.	Any	coupling	path
can	be	broken	down	into	one	or	more	of	these	coupling	mechanisms	working	together.	Conductive	coupling	occurs	when	the	coupling	path	between	the	source	and	victim	is	formed	by	direct	electrical	contact	with	a	conducting	body.	Capacitive	coupling	occurs	when	a	varying	electrical	field	exists	between	two	adjacent	conductors,	inducing	a	change
in	voltage	on	the	receiving	conductor.	Inductive	coupling	or	magnetic	coupling	occurs	when	a	varying	magnetic	field	exists	between	two	parallel	conductors,	inducing	a	change	in	voltage	along	the	receiving	conductor.	Radiative	coupling	or	electromagnetic	coupling	occurs	when	source	and	victim	are	separated	by	a	large	distance.	Source	and	victim
act	as	radio	antennas:	the	source	emits	or	radiates	an	electromagnetic	wave	which	propagates	across	the	space	in	between	and	is	picked	up	or	received	by	the	victim.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn
how	and	when	to	remove	this	message)	The	damaging	effects	of	electromagnetic	interference	pose	unacceptable	risks	in	many	areas	of	technology,	and	it	is	necessary	to	control	such	interference	and	reduce	the	risks	to	acceptable	levels.	The	control	of	electromagnetic	interference	(EMI)	and	assurance	of	EMC	comprises	a	series	of	related	disciplines:
Characterising	the	threat.	Setting	standards	for	emission	and	susceptibility	levels.	Design	for	standards	compliance.	Testing	for	standards	compliance.	The	risk	posed	by	the	threat	is	usually	statistical	in	nature,	so	much	of	the	work	in	threat	characterisation	and	standards	setting	is	based	on	reducing	the	probability	of	disruptive	EMI	to	an	acceptable
level,	rather	than	its	assured	elimination.	For	a	complex	or	novel	piece	of	equipment,	this	may	require	the	production	of	a	dedicated	EMC	control	plan	summarizing	the	application	of	the	above	and	specifying	additional	documents	required.	Characterisation	of	the	problem	requires	understanding	of:	The	interference	source	and	signal.	The	coupling
path	to	the	victim.	The	nature	of	the	victim	both	electrically	and	in	terms	of	the	significance	of	malfunction.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	A	TV	tuner	card
showing	many	small	bypass	capacitors	and	three	metal	shields:	the	PCI	bracket,	the	metal	box	with	two	coax	inputs,	and	the	shield	for	the	S-Video	connector	Breaking	a	coupling	path	is	equally	effective	at	either	the	start	or	the	end	of	the	path,	therefore	many	aspects	of	good	EMC	design	practice	apply	equally	to	potential	sources	and	to	potential
victims.	A	design	which	easily	couples	energy	to	the	outside	world	will	equally	easily	couple	energy	in	and	will	be	susceptible.	A	single	improvement	will	often	reduce	both	emissions	and	susceptibility.	Grounding	and	shielding	aim	to	reduce	emissions	or	divert	EMI	away	from	the	victim	by	providing	an	alternative,	low-impedance	path.	Techniques
include:	Grounding	or	earthing	schemes	such	as	star	earthing	for	audio	equipment	or	ground	planes	for	RF.	The	scheme	must	also	satisfy	safety	regulations.	Shielded	cables,	where	the	signal	wires	are	surrounded	by	an	outer	conductive	layer	that	is	grounded	at	one	or	both	ends.	Shielded	housings.	A	conductive	metal	housing	will	act	as	an
interference	shield.	In	order	to	access	the	interior,	such	a	housing	is	typically	made	in	sections	(such	as	a	box	and	lid);	an	RF	gasket	may	be	used	at	the	joints	to	reduce	the	amount	of	interference	that	leaks	through.	RF	gaskets	come	in	various	types.	A	plain	metal	gasket	may	be	either	braided	wire	or	a	flat	strip	slotted	to	create	many	springy
"fingers".	Where	a	waterproof	seal	is	required,	a	flexible	elastomeric	base	may	be	impregnated	with	chopped	metal	fibers	dispersed	into	the	interior	or	long	metal	fibers	covering	the	surface	or	both.	Other	general	measures	include:	Decoupling	or	filtering	at	critical	points	such	as	cable	entries	and	high-speed	switches,	using	RF	chokes	and/or	RC
elements.	A	line	filter	implements	these	measures	between	a	device	and	a	line.	Transmission	line	techniques	for	cables	and	wiring,	such	as	balanced	differential	signal	and	return	paths,	and	impedance	matching.	Avoidance	of	antenna	structures	such	as	loops	of	circulating	current,	resonant	mechanical	structures,	unbalanced	cable	impedances	or
poorly	grounded	shielding.	Eliminating	spurious	rectifying	junctions	that	can	form	between	metal	structures	around	and	near	transmitter	installations.	Such	junctions	in	combination	with	unintentional	antenna	structures	can	radiate	harmonics	of	the	transmitter	frequency.	Spread	spectrum	method	reduces	EMC	peaks.	Frequency	spectrum	of	the
heating	up	period	of	a	switching	power	supply	which	uses	the	spread	spectrum	method	incl.	waterfall	diagram	over	a	few	minutes	Additional	measures	to	reduce	emissions	include:	Avoid	unnecessary	switching	operations.	Necessary	switching	should	be	done	as	slowly	as	is	technically	possible.	Noisy	circuits	(e.	g.	with	a	lot	of	switching	activity)
should	be	physically	separated	from	the	rest	of	the	design.	High	peaks	at	single	frequencies	can	be	avoided	by	using	the	spread	spectrum	method,	in	which	different	parts	of	the	circuit	emit	at	different	frequencies.	Harmonic	wave	filters.	Design	for	operation	at	lower	signal	levels,	reducing	the	energy	available	for	emission.	Additional	measures	to
reduce	susceptibility	include:	Fuses,	trip	switches	and	circuit	breakers.	Transient	absorbers.	Design	for	operation	at	higher	signal	levels,	reducing	the	relative	noise	level	in	comparison.	Error-correction	techniques	in	digital	circuitry.	These	may	be	implemented	in	hardware,	software	or	a	combination	of	both.	Differential	signaling	or	other	common-
mode	noise	techniques	for	signal	routing	Testing	is	required	to	confirm	that	a	particular	device	meets	the	required	standards.	It	is	divided	broadly	into	emissions	testing	and	susceptibility	testing.	Open-area	test	sites,	or	OATS,[4]	are	the	reference	sites	in	most	standards.	They	are	especially	useful	for	emissions	testing	of	large	equipment	systems.
However,	RF	testing	of	a	physical	prototype	is	most	often	carried	out	indoors,	in	a	specialized	EMC	test	chamber.	Types	of	the	chamber	include	anechoic,	reverberation	and	the	gigahertz	transverse	electromagnetic	cell	(GTEM	cell).	Sometimes	computational	electromagnetics	simulations	are	used	to	test	virtual	models.	Like	all	compliance	testing,	it	is
important	that	the	test	equipment,	including	the	test	chamber	or	site	and	any	software	used,	be	properly	calibrated	and	maintained.	Typically,	a	given	run	of	tests	for	a	particular	piece	of	equipment	will	require	an	EMC	test	plan	and	a	follow-up	test	report.	The	full	test	program	may	require	the	production	of	several	such	documents.	Emissions	are
typically	measured	for	radiated	field	strength	and	where	appropriate	for	conducted	emissions	along	cables	and	wiring.	Inductive	(magnetic)	and	capacitive	(electric)	field	strengths	are	near-field	effects	and	are	only	important	if	the	device	under	test	(DUT)	is	designed	for	a	location	close	to	other	electrical	equipment.	For	conducted	emissions,	typical
transducers	include	the	LISN	(line	impedance	stabilization	network)	or	AMN	(artificial	mains	network)	and	the	RF	current	clamp.	For	radiated	emission	measurement,	antennas	are	used	as	transducers.	Typical	antennas	specified	include	dipole,	biconical,	log-periodic,	double	ridged	guide	and	conical	log-spiral	designs.	Radiated	emissions	must	be
measured	in	all	directions	around	the	DUT.	Specialized	EMI	test	receivers	or	EMI	analyzers	are	used	for	EMC	compliance	testing.	These	incorporate	bandwidths	and	detectors	as	specified	by	international	EMC	standards.	An	EMI	receiver	may	be	based	on	a	spectrum	analyser	to	measure	the	emission	levels	of	the	DUT	across	a	wide	band	of
frequencies	(frequency	domain),	or	on	a	tunable	narrower-band	device	which	is	swept	through	the	desired	frequency	range.	EMI	receivers	along	with	specified	transducers	can	often	be	used	for	both	conducted	and	radiated	emissions.	Pre-selector	filters	may	also	be	used	to	reduce	the	effect	of	strong	out-of-band	signals	on	the	front-end	of	the
receiver.	Some	pulse	emissions	are	more	usefully	characterized	using	an	oscilloscope	to	capture	the	pulse	waveform	in	the	time	domain.	Radiated	field	susceptibility	testing	typically	involves	a	high-powered	source	of	RF	or	EM	energy	and	a	radiating	antenna	to	direct	the	energy	at	the	potential	victim	or	device	under	test	(DUT).	Conducted	voltage
and	current	susceptibility	testing	typically	involves	a	high-powered	signal	generator,	and	a	current	clamp	or	other	type	of	transformer	to	inject	the	test	signal.	Transient	or	EMP	signals	are	used	to	test	the	immunity	of	the	DUT	against	powerline	disturbances	including	surges,	lightning	strikes	and	switching	noise.[5]	In	motor	vehicles,	similar	tests	are
performed	on	battery	and	signal	lines.[6][7]	The	transient	pulse	may	be	generated	digitally	and	passed	through	a	broadband	pulse	amplifier,	or	applied	directly	to	the	transducer	from	a	specialized	pulse	generator.	Electrostatic	discharge	testing	is	typically	performed	with	a	piezo	spark	generator	called	an	"ESD	pistol".	Higher	energy	pulses,	such	as
lightning	or	nuclear	EMP	simulations,	can	require	a	large	current	clamp	or	a	large	antenna	which	completely	surrounds	the	DUT.	Some	antennas	are	so	large	that	they	are	located	outdoors,	and	care	must	be	taken	not	to	cause	an	EMP	hazard	to	the	surrounding	environment.	This	section	does	not	cite	any	sources.	Please	help	improve	this	section	by
adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.	(June	2023)	(Learn	how	and	when	to	remove	this	message)	Several	organizations,	both	national	and	international,	work	to	promote	international	co-operation	on	standardization	(harmonization),	including	publishing	various	EMC	standards.	Where	possible,	a
standard	developed	by	one	organization	may	be	adopted	with	little	or	no	change	by	others.	This	helps	for	example	to	harmonize	national	standards	across	Europe.	International	standards	organizations	include:	International	Electrotechnical	Commission	(IEC),	which	has	several	committees	working	full-time	on	EMC	issues.	These	are:	Technical
Committee	77	(TC77),	working	on	electromagnetic	compatibility	between	equipment	including	networks.	Comité	International	Spécial	des	Perturbations	Radioélectriques	(CISPR),	or	International	Special	Committee	on	Radio	Interference.	The	Advisory	Committee	on	Electromagnetic	Compatibility	(ACEC)	co-ordinates	the	IEC's	work	on	EMC	between
these	committees.	International	Organization	for	Standardization	(ISO),	which	publishes	standards	for	the	automotive	industry.	Among	the	main	national	organizations	are:	Europe:	Comité	Européen	de	Normalisation	(CEN)	or	European	Committee	for	Standardization).	Comité	Européen	de	Normalisation	Electrotechniques	(CENELEC)	or	European
Committee	for	Electrotechnical	Standardisation.	European	Telecommunications	Standards	Institute	(ETSI).	United	States:	The	Federal	Communications	Commission	(FCC).	The	Society	of	Automotive	Engineers	(SAE).	The	Radio	Technical	Commission	for	Aeronautics	(RTCA);	see	DO-160	Britain:	The	British	Standards	Institution	(BSI).	Germany:	The
Verband	der	Elektrotechnik,	Elektronik	und	Informationstechnik	(VDE)	or	Association	for	Electrical,	Electronic	and	Information	Technologies.	Compliance	with	national	or	international	standards	is	usually	laid	down	by	laws	passed	by	individual	nations.	Different	nations	can	require	compliance	with	different	standards.	In	European	law,	EU	directive
2014/30/EU	(previously	2004/108/EC)	on	EMC	defines	the	rules	for	the	placing	on	the	market/putting	into	service	of	electric/electronic	equipment	within	the	European	Union.	The	Directive	applies	to	a	vast	range	of	equipment	including	electrical	and	electronic	appliances,	systems	and	installations.	Manufacturers	of	electric	and	electronic	devices	are
advised	to	run	EMC	tests	in	order	to	comply	with	compulsory	CE-labeling.	More	are	given	in	the	list	of	EMC	directives.	Compliance	with	the	applicable	harmonised	standards	whose	reference	is	listed	in	the	OJEU	under	the	EMC	Directive	gives	presumption	of	conformity	with	the	corresponding	essential	requirements	of	the	EMC	Directive.	In	2019,
the	USA	adopted	a	program	for	the	protection	of	critical	infrastructure	against	an	electromagnetic	pulse,	whether	caused	by	a	geomagnetic	storm	or	a	high-altitude	nuclear	weapon.[8]	Conducted	electromagnetic	interference	Crosstalk	IEEE	Electromagnetic	Compatibility	Society	International	Commission	on	Non-Ionizing	Radiation	Protection
(ICNIRP)	List	of	common	EMC	test	standards	Television	interference	^	a	b	c	"Electromagnetic	compatibility	/	Basic	concepts".	IEC/	Electropedia:	The	World's	Online	Electrotechnical	Vocabulary.	Retrieved	2022-04-30.	^	DIN	EN	61000-2-2	VDE	0839-2-2:2003-02	-	Electromagnetic	compatibility	(EMC).	VDE.	2003.	^	a	b	Clayton,	Paul	(2008).
Introduction	to	electromagnetic	compatibility.	Wiley.	p.	10.	ISBN	978-81-265-2875-2.	^	"EMI/EMC	Testing".	discrete.co.in.	Retrieved	2024-07-24.	^	EMC	Testing	and	Standards	in	Transient	Immunity	Testing,	RF	Immunity.	Electronics-project-design.com.	Retrieved	on	2011-07-19.	^	ISO	7637-2:2004/Amd	1:2008.	Iso.org	(2011-03-01).	Retrieved	on
2011-07-19.	^	ISO	7637-3:2007	–	Road	vehicles	–	Electrical	disturbances	from	conduction	and	coupling	–	Part	3:	Electrical	transient	transmission	by	capacitive	and	inductive	coupling	via	lines	other	than	supply	lines.	Iso.org	(2010-09-06).	Retrieved	on	2011-07-19.	^		This	article	incorporates	public	domain	material	from	Executive	Order	on
Coordinating	National	Resilience	to	Electromagnetic	Pulses.	United	States	government.	The	Wikibook	Practical	Electronics	has	a	page	on	the	topic	of:	EMC	design	guidelines	EMC-Directive	European	Commission	–	Harmonised	standards	for	EMC	What	is	EMC?	YouTube	video.	Introduction	to	EMC	Basics	in	EMC/EMI	and	Powerquality	Analog,	RF	and
EMC	Considerations	in	Printed	Wiring	Board	(PWB)	Design	Application	Note:	Design	for	EMC	Compliance	Design	for	EMC	-	Effects	of	Via	Slots,	Split	Planes,	Gaps	and	Return	Paths	on	Clock	Signal	Archived	2015-09-07	at	the	Wayback	Machine	EMC	engineering	practices	for	panel	builders	EMC	Resources	(Clemson	University)	Retrieved	from	"	The
Electromagnetic	Compatibility	(EMC)	Directive	covers	most	electronic	products	sold	in	the	European	Union,	with	some	exemptions.	In	this	guide,	we	list	LED	displays,	kitchen	appliances,	machines,	and	other	products	within	the	scope	of	the	EMC	Directive.	We	also	list	some	products	classified	as	inherently	benign,	meaning	that	the	EMC	Directive	is
not	applicable.	FREE	CONSULTATION	CALL	(30	MIN)	Ask	questions	about	compliance	requirements	Countries/markets:	Learn	how	we	can	help	your	business	REQUEST	A	CALL	You	will	speak	with:Ivan	Malloci	or	John	Vinod	Khiatani	What	is	the	EMC	Directive?	The	EMC	Directive	limits	electromagnetic	interference	from	electronic	devices.	The
purpose	of	the	EMC	directive	is	to	prevent	electronic	products	from	interfering	with	other	electronic	equipment.	For	example,	LED	displays	and	other	electronic	devices	can	interfere	with	radio	communication	in	its	vicinity.	Further,	CE	marking	is	mandatory	for	all	products	covered	by	the	EMC	Directive.	Lighting	Products	Lighting	products	are	often
required	to	be	tested	with	the	EMC	Directive.	The	EMC	Directive	mainly	concerns	the	electromagnetic	compatibility	of	electrical	and	electronic	products,	including	lighting	products.	For	instance,	lighting	products	that	cause	influence	when	placed	close	to	each	other,	are	covered	by	the	EMC	Directive.	Lighting	products	can	also	cause	interference
with	other	electric	devices	and	installations,	such	as	TV	sets,	washing	machines,	and	other	electrical	products.	As	such,	it	is	also	covered	under	the	scope	of	the	EMC	Directives.	In	addition,	there	are	some	standards	that	served	as	a	great	reference	point	for	lighting	products’	electromagnetic	compatibility,	such	as	EN	55015,	EN	61000	and	EN	61547.
EN	standards	EN	55015	–	Methods	of	measurement	of	electrical	lighting’s	radio	disturbance	EN	61000	–	Electromagnetic	compatibility	emission	standards	EN	61547	–	Electromagnetic	immunity	requirements	for	lighting	equipment	Examples	LED	lighting	Stage	lighting	High	bay	lighting	Low	bay	lighting	High-intensity	discharge	lighting	LED
Displays	LED	displays	are	commonly	used	in	TVs,	computer	monitors,	and	mobile	devices’	screens	–	and	large	LED	advertising	displays.	The	electromagnetic	interference	(EMI)	sources	can	be	identified	in	the	part	of	the	printed	circuit	board	(PCB)	and,	as	such,	these	products	are	covered	by	the	EMC	Directive.	LED	displays	shall	not	exceed	the
required	EMI	level	and	disturb	other	equipment	when	placed	and	used	as	intended.	Further,	the	application	of	good	engineering	practice	(e.g.	shielding)	is	required	for	fixed	installations	including	LED	displays	under	the	EMC	Directive.	–	EN	standards	EN	55022	–	Information	technology	equipment	–	Radio	disturbance	characteristics	EN	61000	–
Electromagnetic	compatibility	emission	standards	Examples	LED	Advertising	Displays	LED	TVs	LED	Computer	Monitor	Kitchen	Appliances	The	EMC	Directive	applies	to	some	kitchen	appliances	containing	motors,	switches	or	thermostats	that	cause	disturbances	(e.g	EMI)	to	other	electrical	devices.	Therefore,	the	electromagnetic	compatibility	of
such	kitchen	appliances	must	be	assessed	under	the	EMC	Directive.	For	instance,	microwave	ovens	and	refrigerators	can	interfere	with	radio	navigation	and	TV	broadcasting,	hence	affect	the	performance	of	equipment	placed	nearby.	In	addition,	EN	standards	such	as	EN	55014,	55013,	61000	provides	guidance	for	emissions	of	kitchen	appliances.
EN	standards	EN	1116	–	Coordinating	sizes	for	kitchen	appliances	EN	60335	–	Specification	for	safety	of	the	household	kitchen	appliances	Examples	Blenders	Coffee	makers	Dishwashers	Electric	knives	Fans	Microwave	ovens	Refrigerators	E-Bikes	Most	of	the	E-bikes’	requirements	are	covered	by	EN	15194,	and	it	has	been	harmonized	under	the
EMC	Directive.	With	that	said,	the	EMC	Directive	also	regulates	the	EMI	of	E-bikes	that	placed	in	the	EU	market.	E-bikes	are	required	to	keep	all	electromagnetic	side	effects	under	reasonable	control	and	ensure	that	it	does	not	disturb	radio	and	telecommunication	such	as	a	cellphone.	In	addition,	the	EMC	Directive	also	requires	an	identification
label	for	E-bikes,	with	information	such	as	type,	batch,	and	serial	number.	EN	standards	EN	15194	–	E-bike	safety	standard	requirements	Examples	Pedal-assisted	electric	bike	Speed	pedelec	electric	bike	Throttle	electric	bike	Lithium	Batteries	Lithium	batteries	are	designed	with	high-frequency	impedance	and	electromagnetic	interference,	due	to	the
rapidly	changing	current	and	voltage.	Therefore,	lithium	batteries	must	comply	with	the	EMC	Directive	as	it	could	cause	significant	disturbance	to	other	electrical	devices.	EN	standards	EN	60086-4	–	Safety	of	lithium	batteries	EN	62133	–	Safety	requirements	for	portable	sealed	secondary	cells	Examples	Lithium-ion	battery	product	Lithium-ion
polymer	battery	product	Lithium	metal	battery	product	AC	Adapters	The	main	source	of	EMI	missions	in	power	converters	comes	from	the	high	switching	frequency	of	voltages.	Therefore,	AC	adapters	are	also	regulated	by	the	EMC	Directive,	in	order	to	reduce	the	harm	for	the	electrical	system	and	the	electromagnetic	compatibility.	Further,	AC
adapters	are	almost	connected	to	electrical	devices,	hence,	non-EMC-compliant	AC	adapters	might	cause	significant	electromagnetic	disturbances	and	affect	other	devices’	performance.	EN	standards	EN	62684	–	Interoperability	specifications	of	common	external	power	supply	for	use	with	data-enabled	mobile	telephones	EN	63002	–	Identification
and	communication	interoperability	method	for	external	power	supplies	used	with	portable	computing	devices	Examples	AC	adapter	for	laptops	AC	adapter	for	mobiles	AC	adapter	for	home	appliances	AC	adapter	for	printers	Electrical	Motors	The	EMC	Directive	also	concerns	the	electromagnetic	compatibility	of	electrical	motors,	as	it	can	produce
EMI	to	other	electrical	devices	placed	nearby,	due	to	its	changing	currents	and	voltages.	AC/DC	motors	are	commonly	used	in	many	products	from	toys	to	electric	tools,	which	cause	a	certain	level	of	EMI	to	other	devices.	EN	standards	EN	50632	–	General	requirements	for	electric	motor	EN	45510	–	Guide	for	the	procurement	of	electrical	equipment
motors	Examples	AC	brushless	motors	DC	brushed	motors	Servo	motors	Stepper	motors	Linear	motors	Reluctance	motors	Universal	motors	Products	Exempted	from	the	EMC	Directive	Meanwhile,	the	EMC	Directive	does	not	apply	to	certain	kinds	of	electrical	products	classified	as	“inherently	benign”,	assuming	they	don’t	include	any	active
electronic	components.	Here	are	some	examples:	Quartz	watches	Cables	Passive	antennas	Corded	speakers	or	headphones	Additional	Resources	1.	Electromagnetic	Compatibility	(EMC)	Directive	2.	List	of	EMC	Directive	Testing	Companies	3.	Electronic	Product	Regulations	in	the	European	Union
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