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Type	of	memory	storage	for	portable	devices	"SDHC"	redirects	here.	For	the	gene,	see	SDHC	(gene).	See	also:	Comparison	of	memory	cards	For	the	earlier	form,	see	MultiMediaCard.	Secure	Digital	(SD)From	top	to	bottom:	SD,	miniSD,	microSDMedia	typeMemory	cardCapacitySD:	Up	to	2	GBSDHC:	Up	to	32	GBSDXC:	Up	to	2	TBSDUC:	Up	to	128
TBBlock	sizeVariableRead	mechanismDefault:	12.5	MB/sHigh-speed:	25	MB/sUHS-I:	52	MB/s	(SDR50,	DDR50)	or	104	MB/s	(SDR104)UHS-II:	156	MB/s	full-duplex	or	312	MB/s	half-duplexUHS-III:	312	MB/s	full-duplex	or	624	MB/s	half-duplexExpress:	Up	to	3,940	MB/sDeveloped	bySD	AssociationDimensionsStandard:32×24×2.1	mm
(1.260×0.945×0.083	in)1,612.8	mm3	(0.09842	cu	in)Mini:21.5×20×1.4	mm	(0.846×0.787×0.055	in)602	mm3	(0.0367	cu	in)Micro:15×11×1	mm	(0.591×0.433×0.039	in)165	mm3	(0.0101	cu	in)WeightStandard:	~2	gMini:	~0.8	gMicro:	~0.25	gExtended	fromMultiMediaCardReleasedAugust	1999	Secure	Digital	(SD)	is	a	proprietary,	non-volatile,	flash
memory	card	format	developed	by	the	SD	Association	(SDA).	Owing	to	their	compact	size,	SD	cards	have	been	widely	adopted	in	a	variety	of	portable	consumer	electronics,	including	digital	cameras,	camcorders,	video	game	consoles,	mobile	phones,	action	cameras,	and	camera	drones.[1][2]	The	SD	format	was	introduced	in	August	1999	by	SanDisk,
Panasonic	(then	known	as	Matsushita),	and	Kioxia	(then	part	of	Toshiba).	It	was	designed	as	a	successor	to	the	MultiMediaCard	(MMC)	format,	introducing	several	improvements	aimed	at	enhancing	usability,	durability,	and	performance,	which	contributed	to	its	rapid	emergence	as	an	industry	standard.	To	manage	the	licensing	and	intellectual
property	rights	related	to	the	format,	the	three	companies	established	SD-3C,	LLC.	In	January	2000,	they	also	founded	the	SDA,	a	non-profit	organization	dedicated	to	developing	and	promoting	SD	card	standards.[3]	As	of	2023,	the	SDA	includes	approximately	1,000	member	companies.	The	SDA	uses	a	suite	of	SD-3C-owned	trademarked	logos	to
enforce	compliance	with	official	specifications	and	to	indicate	product	compatibility.[4]	In	1999,	SanDisk,	Panasonic	(then	known	as	Matsushita),	and	Kioxia	(then	part	of	Toshiba)	agreed	to	develop	and	market	the	Secure	Digital	(SD)	memory	card.[5][6]	The	card	was	created	as	a	second-generation	successor	to	the	MultiMediaCard	(MMC)[7]	and
provided	digital	rights	management	(DRM)	based	on	the	Secure	Digital	Music	Initiative	(SDMI)	standard	and	a	high	memory	density	("data/bits	per	physical	space"),	i.e.	a	large	quantity	of	data	could	be	stored	in	a	small	physical	space.[citation	needed]	SD	was	designed	to	compete	with	the	Memory	Stick,	a	flash	storage	format	with	DRM	Sony	had
released	the	year	before.	Toshiba	hoped	the	SD	card's	DRM	would	encourage	music	suppliers	concerned	about	piracy	to	use	SD	cards.[8]	The	trademarked	SD	logo	was	originally	developed	for	the	Super	Density	Disc,	which	was	the	unsuccessful	Toshiba	entry	in	the	DVD	format	war.	For	this	reason,	the	letter	"D"	is	styled	to	resemble	an	optical	disc.
[9]	At	the	2000	Consumer	Electronics	Show	(CES),	the	three	companies	announced	the	creation	of	the	SD	Association	(SDA)	to	promote	SD	cards.	The	SD	Association,	which	was	headquartered	in	San	Ramon,	California,	United	States,	then	had	30	member	companies	and	product	manufacturers	that	made	interoperable	memory	cards	and	devices.
Early	samples	of	the	SD	card[10]	became	available	in	the	first	quarter	of	2000,	and	production	quantities	of	32	and	64	megabyte	(MB)[a]	cards	became	available	three	months	later.[citation	needed]	The	first	64	MB	cards	were	offered	for	sale	for	US$200.[11]	SD	was	envisioned	as	a	single	memory	card	format	for	several	kinds	of	electronic	devices
that	could	also	function	as	an	expansion	slot	for	adding	new	capabilities	for	a	device.[12]	The	first	256	MB	and	512	MB	SD	cards	were	announced	in	2001.[13]	MiniSD	memory	card	including	adapter	At	March	2003	CeBIT,	SanDisk	Corporation	introduced,	announced	and	demonstrated	the	miniSD	form	factor.[14]	The	SDA	adopted	the	miniSD	card	in
2003	as	a	small-form-factor	extension	to	the	SD	card	standard.	While	the	new	cards	were	designed	for	mobile	phones,	they	were	usually	packaged	with	a	miniSD	adapter	that	provided	compatibility	with	a	standard	SD	memory	card	slot.[citation	needed]	microSD	card	inserted	on	a	smartphone	MicroSD	form-factor	memory	cards	were	introduced	in
2004	by	SanDisk	at	CeBIT[15]	and	originally	called	T-Flash,[16]	and	later	TransFlash,[17]	commonly	abbreviated	to	"TF".	T-Flash	was	renamed	microSD	in	2005	when	it	was	adopted	by	the	SDA.[18]	TransFlash	and	microSD	cards	are	functionally	identical,	allowing	either	to	operate	in	devices	made	for	the	other.[19]	A	passive	adapter	allows	the	use
of	microSD	and	TransFlash	cards	in	SD	card	slots.[19][20]	This	microSDHC	card	holds	8	billion	bytes.	Beneath	it	is	a	section	of	a	magnetic-core	memory	(used	until	the	1970s)	that	holds	eight	bytes	using	64	cores.	The	card	covers	approximately	20	bits	(2+1⁄2	bytes).	In	September	2006,	SanDisk	announced	the	4	GB	miniSDHC.[21]	Like	the	SD	and
SDHC,	the	miniSDHC	card	has	the	same	form	factor	as	the	older	miniSD	card	but	the	HC	card	requires	HC	support	built	into	the	host	device.[citation	needed]	Devices	that	support	miniSDHC	work	with	miniSD	and	miniSDHC,	but	devices	without	specific	support	for	miniSDHC	work	only	with	the	older	miniSD	card.	Since	2008,	miniSD	cards	are	no
longer	produced,	due	to	market	domination	of	the	even	smaller	microSD	cards.[citation	needed]	Macro	shot	of	a	microSDXC	memory	card	with	eight	gold	plated	electrical	contacts	The	storage	density	of	memory	cards	increased	significantly[quantify]	throughout	the	2010s,	allowing	the	earliest	devices	to	offer	support	for	the	SD:XC	standard,	such	as
the	Samsung	Galaxy	S	III	and	Samsung	Galaxy	Note	II	mobile	phones,	to	expand	their	available	storage	to	several	hundreds	of	gigabytes.	In	January	2009,	the	SDA	announced	the	SDXC	family,	which	supports	cards	up	to	2	TB[b]	and	speeds	up	to	300	MB/s.[22]	SDXC	cards	are	formatted	with	the	exFAT	file	system	by	default.[23]	SDXC	was	announced
at	the	Consumer	Electronics	Show	(CES)	2009	(January	7–10).	At	the	same	show,	SanDisk	and	Sony	also	announced	a	comparable	Memory	Stick	XC	variant	with	the	same	2	TB[b]	maximum	as	SDXC,[24]	and	Panasonic	announced	plans	to	produce	64	GB	SDXC	cards.[25]	On	March	6,	Pretec	introduced	the	first	SDXC	card,[26]	a	32	GB	card	with	a
read/write	speed	of	400	Mbit/s.	But	only	early	in	2010	did	compatible	host	devices	come	onto	the	market,	including	Sony's	Handycam	HDR-CX55V	camcorder,	Canon's	EOS	550D	(also	known	as	Rebel	T2i)	Digital	SLR	camera,[27]	a	USB	card	reader	from	Panasonic,	and	an	integrated	SDXC	card	reader	from	JMicron.[28]	The	earliest	laptops	to
integrate	SDXC	card	readers	relied	on	a	USB	2.0	bus,	which	does	not	have	the	bandwidth	to	support	SDXC	at	full	speed.[29]	In	early	2010,	commercial	SDXC	cards	appeared	from	Toshiba	(64	GB),[30][31]	Panasonic	(64	GB	and	48	GB),[32]	and	SanDisk	(64	GB).[33]	In	early	2011,	Centon	Electronics,	Inc.	(64	GB	and	128	GB)	and	Lexar	(128	GB)	began
shipping	SDXC	cards	rated	at	Speed	Class	10.[34]	Pretec	offered	cards	from	8	GB	to	128	GB	rated	at	Speed	Class	16.[35]	In	September	2011,	SanDisk	released	a	64	GB	microSDXC	card.[36]	Kingmax	released	a	comparable	product	in	2011.[37]	In	April	2012,	Panasonic	introduced	MicroP2	card	format	for	professional	video	applications.	The	cards	are
essentially	full-size	SDHC	or	SDXC	UHS-II	cards,	rated	at	UHS	Speed	Class	U1.[38][39]	An	adapter	allows	MicroP2	cards	to	work	in	current	P2	card	equipment.[40]	Panasonic	MicroP2	cards	shipped	in	March	2013	and	were	the	first	UHS-II	compliant	products	on	market;	initial	offer	includes	a	32	GB	SDHC	card	and	a	64	GB	SDXC	card.[38][41]	Later
that	year,	Lexar	released	the	first	256	GB	SDXC	card,	based	on	20	nm	NAND	flash	technology.[42]	In	February	2014,	SanDisk	introduced	the	first	128	GB	microSDXC	card,[43]	which	was	followed	by	a	200	GB	microSDXC	card	in	March	2015.[44]	September	2014	saw	SanDisk	announce	the	first	512	GB	SDXC	card.[45]	Samsung	announced	the
world's	first	EVO	Plus	256	GB	microSDXC	card	in	May	2016,[46]	and	in	September	2016	Western	Digital	(SanDisk)	announced	that	a	prototype	of	the	first	1	TB[c]	SDXC	card	would	be	demonstrated	at	Photokina.[47]	In	August	2017,	SanDisk	launched	a	400	GB	microSDXC	card.[48]	In	January	2018,	Integral	Memory	unveiled	its	512	GB	microSDXC
card.[49]	In	May	2018,	PNY	launched	a	512	GB	microSDXC	card.	In	June	2018	Kingston	announced	its	Canvas	series	of	microSD	cards	which	were	capable	of	capacities	up	to	512	GB,[d]	in	three	variations,	Select,	Go!	and	React.[50]	In	February	2019,	Micron	and	SanDisk	unveiled	their	microSDXC	cards	of	1	TB	capacity.[51]	In	September	2022,
Kioxia	unveiled	a	microSDXC	card	of	2	TB	capacity.[52]	The	Secure	Digital	Ultra	Capacity	(SDUC)	format	supports	cards	up	to	128	TB[b]	and	offers	speeds	up	to	985	MB/s.	In	April	2024,	Western	Digital	(SanDisk)	revealed	the	world's	first	4	TB	SD	card	at	NAB	2024,	which	will	make	use	of	the	SDUC	format.	It	is	set	to	release	in	2025.[53]	Secure
Digital	includes	five	card	families	available	in	three	form	factors.	The	five	families	are	the	original	standard	capacity	(SDSC),	high	capacity	(SDHC),	extended	capacity	(SDXC),	ultra	capacity	(SDUC)	and	SDIO,	which	combines	input/output	functions	with	data	storage.[54][55][56]	Comparison	of	capacity	standards[57]	SD	SDHC	SDXC	SDUC	Mark	Max
capacity	2	GB	32	GB	2	TB	128	TB	File	system	FAT12,	FAT16	FAT32	exFAT	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September
2023)	(Learn	how	and	when	to	remove	this	message)	The	original	Secure	Digital	card,	also	known	as	Secure	Digital	Standard	Capacity	(SDSC),	was	developed	as	a	second-generation	successor	to	the	MultiMediaCard	(MMC)	standard.	While	both	formats	continued	to	evolve,	they	diverged	significantly	in	design	and	functionality.	Secure	Digital
introduced	several	key	changes	to	improve	usability,	durability,	and	performance:	Asymmetrical	shape	of	the	sides	of	the	SD	card	prevents	inserting	it	upside	down	(whereas	an	MMC	goes	in	most	of	the	way	but	makes	no	contact	if	inverted).[citation	needed]	Most	standard	size	SD	cards	are	2.1	mm	(0.083	inches)[58]	thick,	with	microSD	versions
being	1.0	mm	(0.039	inches)[58]	thick,	compared	to	1.4	mm	(0.055	inches)	for	MMCs.	The	SD	specification	defines	a	card	called	Thin	SD	with	a	thickness	of	1.4	mm,[59]	however	it	was	rarely	used,	as	the	SDA	went	on	to	define	even	smaller	form	factors.	The	card's	electrical	contacts	are	recessed	beneath	the	surface	of	the	card,	protecting	them	from
contact	with	a	user's	fingers.	The	SD	specification	envisioned	capacities	and	transfer	rates	exceeding	those	of	MMC,	and	both	of	these	functionalities	have	grown	over	time.[citation	needed]	For	a	comparison	table,	see	below.	While	MMC	uses	a	single	pin	for	data	transfers,	the	SD	card	added	a	four-wire	bus	mode	for	higher	data	rates.[citation
needed]	The	SD	card	added	Content	Protection	for	Recordable	Media	(CPRM)	security	circuitry	for	digital	rights	management	(DRM)	content-protection,	although	it	is	rarely	used	and	most	devices	don't	support	it.[60][61]	Addition	of	a	write-protect	notch[citation	needed]	The	official	SDSC	specification	supports	card	sizes	up	to	2	GB	and	uses	a	logo
to	distinguish	it	from	later	SD	formats.	Due	to	physical	differences,	full-size	SD	cards	are	incompatible	with	slimmer	MMC	slots,	and	other	electrical	and	protocol-level	differences	further	limit	interoperability	between	the	two	formats.[citation	needed]	The	Secure	Digital	High	Capacity	(SDHC)	format,	announced	in	January	2006	and	defined	in	version
2.0	of	the	SD	specification,	supports	cards	with	capacities	up	to	32	GB.[d][54]	The	SDHC	trademark	is	licensed	to	ensure	compatibility.[62]	SDHC	cards	are	physically	and	electrically	identical	to	standard-capacity	SD	cards	(SDSC).	The	major	compatibility	issues	between	SDHC	and	SDSC	cards	are	the	redefinition	of	the	Card-Specific	Data	(CSD)
register	in	version	2.0	(see	below),	and	the	fact	that	SDHC	cards	are	shipped	preformatted	with	the	FAT32	file	system.	Version	2.0	also	introduces	a	high-speed	bus	mode	for	both	SDSC	and	SDHC	cards,	which	doubles	the	original	Standard	Speed	clock	to	produce	25	MB/s.[63]	SDHC	host	devices	are	required	to	accept	older	SD	cards.[64]	However,
older	host	devices	do	not	recognize	SDHC	or	SDXC	memory	cards,	although	some	devices	can	do	so	through	a	firmware	upgrade.[65][better	source	needed]	Older	Windows	operating	systems	released	before	Windows	7	require	patches	or	service	packs	to	support	access	to	SDHC	cards.[66][67][68]	The	Secure	Digital	eXtended	Capacity	(SDXC)
format,	announced	in	January	2009	and	defined	in	version	3.01	of	the	SD	specification,	supports	cards	up	to	2	TB,[b]	compared	to	a	limit	of	32	GB[d]	for	SDHC	cards	in	the	SD	2.0	specification.	SDXC	adopts	Microsoft's	exFAT	file	system	as	a	mandatory	feature.[69]	Version	3.01	also	introduced	the	Ultra	High	Speed	(UHS)	bus	for	both	SDHC	and
SDXC	cards,	with	interface	speeds	from	50	MB/s	to	104	MB/s	for	four-bit	UHS-I	bus.[70]	(this	number	has	since	been	exceeded	with	SanDisk	proprietary	technology	for	170	MB/s	read,	which	is	not	proprietary	anymore,	as	Lexar	has	the	1066x	running	at	160	MB/s	read	and	120	MB/s	write	via	UHS	1,	and	Kingston	also	has	their	Canvas	Go!	Plus,	also
running	at	170	MB/s).[71][72][73][74]	Version	4.0,	introduced	in	June	2011,	allows	speeds	of	156	MB/s	to	312	MB/s	over	the	four-lane	(two	differential	lanes)	UHS-II	bus,	which	requires	an	additional	row	of	physical	pins.[70]	Version	5.0	was	announced	in	February	2016	at	CP+	2016,	and	added	"Video	Speed	Class"	ratings	for	UHS	cards	to	handle
higher	resolution	video	formats	like	8K.[75][76]	The	new	ratings	define	a	minimal	write	speed	of	90	MB/s.[77][78]	SDXC	cards	are	required	to	be	formatted	using	exFAT,[58]	but	many	operating	systems	will	support	others.[citation	needed]	Windows	Vista	(SP1)	and	later[79]	and	OS	X	(10.6.5	and	later)	have	native	support	for	exFAT.[80][81]	(Windows
XP	and	Server	2003	can	support	exFAT	via	an	optional	update	from	Microsoft.)[82]	Most	BSD	and	Linux	distributions	did	not	have	exFAT	support	for	legal	reasons,	though	in	Linux	kernel	5.4	Microsoft	open-sourced	the	spec	and	allowed	the	inclusion	of	an	exFAT	driver.[83]	Users	of	older	kernels	or	BSD	can	manually	install	third-party
implementations	of	exFAT	(as	a	FUSE	module)	in	order	to	be	able	to	mount	exFAT-formatted	volumes.[84]	However,	SDXC	cards	can	be	reformatted	to	use	any	file	system	(such	as	ext4,	UFS,	VFAT	or	NTFS),	alleviating	the	restrictions	associated	with	exFAT	availability.	The	SD	Association	provides	a	formatting	utility	for	Windows	and	Mac	OS	X	that
checks	and	formats	SD,	SDHC,	SDXC	and	SDUC	cards.[85]	Except	for	the	change	of	file	system,	SDXC	cards	are	mostly	backward	compatible	with	SDHC	readers,	and	many	SDHC	host	devices	can	use	SDXC	cards	if	they	are	first	reformatted	to	the	FAT32	file	system.[86][87][88]	The	Secure	Digital	Ultra	Capacity	(SDUC)	format,	described	in	the	SD
7.0	specification,	and	announced	in	June	2018,	supports	cards	up	to	128	TB,[b]	regardless	of	form	factor,	either	micro	or	full	size,	or	interface	type	including	UHS-I,	UHS-II,	UHS-III	or	SD	Express.[89]	SD	card	speed	is	customarily	rated	by	its	sequential	read	or	write	speed.	The	sequential	performance	aspect	is	the	most	relevant	for	storing	and
retrieving	large	files	(relative	to	block	sizes	internal	to	the	flash	memory),	such	as	images	and	multimedia.	Small	data	(such	as	file	names,	sizes	and	timestamps)	falls	under	the	much	lower	speed	limit	of	random	access,	which	can	be	the	limiting	factor	in	some	use	cases.[90][91][92]	The	newer	families	of	SD	card	improve	card	speed	by	increasing	the
bus	rate	(the	frequency	of	the	clock	signal	that	strobes	information	into	and	out	of	the	card).	Whatever	the	bus	rate,	the	card	can	signal	to	the	host	that	it	is	"busy"	until	a	read	or	a	write	operation	is	complete.	Compliance	with	a	higher	speed	rating	is	a	guarantee	that	the	card	limits	its	use	of	the	"busy"	indication.	Comparison	of	bus	speeds[93]	Mark
Bus	Standards	Spec	Speed	PCIe	Duplex	SD	SDHC	SDXC	SDUC	Default	—	12.5	MB/s	—	Half	Yes	Yes	Yes	Yes	1.01	High	Speed	—	25	MB/s	1.10	UHS-I	50	MB/s	No	3.01	104	MB/s	UHS-II	156	MB/s	Full	4.00	312	MB/s	Half	UHS-III	312	MB/s	Full	6.00	624	MB/s	Half	SD	Express	985	MB/s	3.1	×1	Full	7.00,	7.10	1,970	MB/s	3.1	×2,	4.0	×1	8.0	3,940	MB/s	4.0
×2	Bus	speed	of	host	and	card	combinations	(in	MB/s)[94]	HostCard	UHS-I	UHS-II	UHS-III	Express	UHS50	UHS104	Full	Half	UHS-I	UHS50	050	050	050	050	050	050	UHS104	050	104	104	104	104	104	UHS-II	Full	050	104	156	156	156	104	Half	050	104	156	312	312	104	UHS-III	050	104	156	312	624	104	Express	050	104	104	104	104	985	SD	cards
will	read	and	write	at	speeds	of	12.5	MB/s.	High-Speed	Mode	(25	MB/s)	was	introduced	to	support	digital	cameras	with	1.10	spec	version.[95]	The	Ultra	High	Speed	(UHS)	bus	is	available	on	some	SDHC	and	SDXC	cards.[96][97][98]	Cards	that	comply	with	UHS	show	Roman	numerals	'I',	'II'	or	'III'	next	to	the	SD	card	logo,[96][99]	and	report	this
capability	to	the	host	device.	Use	of	UHS-I	requires	that	the	host	device	commands	the	card	to	drop	from	3.3-volt	to	1.8-volt	operation	over	the	I/O	interface	pins	and	select	the	four-bit	transfer	mode,	while	UHS-II	requires	0.4-volt	operation.	The	higher	speed	rates	of	UHS-II	and	III	are	achieved	by	using	two-lane	0.4	V	low-voltage	differential	signaling
(LVDS)	on	a	second	row	of	pins.[100]	Each	lane	is	capable	of	transferring	up	to	156	MB/s.	In	full-duplex	mode,	one	lane	is	used	for	Transmit	while	the	other	is	used	for	Receive.	In	half-duplex	mode	both	lanes	are	used	for	the	same	direction	of	data	transfer	allowing	a	double	data	rate	at	the	same	clock	speed.	In	addition	to	enabling	higher	data	rates,
the	UHS-II	interface	allows	for	lower	interface	power	consumption,	lower	I/O	voltage	and	lower	electromagnetic	interference	(EMI).	The	following	ultra-high	speeds	are	specified:	Specified	in	SD	version	3.01.[101]	Supports	a	clock	frequency	of	100	MHz	(a	quadrupling	of	the	original	"Default	Speed"),	which	in	four-bit	transfer	mode	could	transfer
50	MB/s	(SDR50).	UHS-I	cards	declared	as	UHS104	(SDR104)	also	support	a	clock	frequency	of	208	MHz,	which	could	transfer	104	MB/s.	Double	data	rate	operation	at	50	MHz	(DDR50)	is	also	specified	in	Version	3.01,	and	is	mandatory	for	microSDHC	and	microSDXC	cards	labeled	as	UHS-I.	In	this	mode,	four	bits	are	transferred	when	the	clock
signal	rises	and	another	four	bits	when	it	falls,	transferring	an	entire	byte	on	each	full	clock	cycle,	hence	a	50	MB/s	operation	could	be	transferred	using	a	50	MHz	clock.	There	is	a	proprietary	UHS-I	extension,	called	DDR200,	originally	created	by	SanDisk	that	increases	transfer	speed	further	to	170	MB/s.	Unlike	UHS-II,	it	does	not	use	additional
pins.	It	achieves	this	by	using	the	208	MHz	frequency	of	the	standard	SDR104	mode,	but	using	DDR	transfers.[102][103]	This	extension	has	since	then	been	used	by	Lexar	for	their	1066x	series	(160	MB/s),	Kingston	Canvas	Go	Plus	(170	MB/s)	and	the	MyMemory	PRO	SD	card	(180	MB/s).	Back	side	of	a	Lexar	UHS-II	microSDHC	card,	showing	the
additional	row	of	UHS-II	connections	Specified	in	version	4.0,	further	raises	the	data	transfer	rate	to	a	theoretical	maximum	of	156	MB/s	(full-duplex)	or	312	MB/s	(half-duplex)	using	an	additional	row	of	pins	for	LVDS	signalling[104]	(a	total	of	17	pins	for	full-size	and	16	pins	for	micro-size	cards).[96]	While	first	implementations	in	compact	system
cameras	were	seen	three	years	after	specification	(2014),	it	took	many	more	years	until	UHS-II	was	implemented	on	a	regular	basis.	At	the	beginning	of	2025,	100	DSLR	and	mirrorless	cameras	support	UHS-II.[105]	Version	6.0,	released	in	February	2017,	added	two	new	data	rates	to	the	standard.	FD312	provides	312	MB/s	while	FD624	doubles	that.
Both	are	full-duplex.	The	physical	interface	and	pin-layout	are	the	same	as	with	UHS-II,	retaining	backward	compatibility.[106]	Front	and	back	of	an	SD	Express	card	The	SD	Express	bus	was	introduced	in	June	2018	with	the	SD	7.0	specification.	By	incorporating	a	single	PCI	Express	3.0	(PCIe)	lane	and	supporting	the	NVM	Express	(NVMe)	storage
protocol,	SD	Express	enables	full-duplex	transfer	speeds	of	up	to	985	MB/s.	Compatible	cards	must	support	both	PCIe	and	NVMe,	and	may	be	formatted	as	SDHC,	SDXC,	or	SDUC.	For	backward	compatibility,	they	are	also	required	to	support	the	High-Speed	and	UHS-I	buses.	The	interface	reuses	the	UHS-II	pin	layout	and	reserves	space	for	two
additional	pins	for	future	use.[107]	In	February	2019,	the	SD	Association	announced	microSD	Express,[108]	along	with	new	visual	marks	to	help	users	identify	compatible	cards	and	hosts.[109]	SD	Express	cards	can	perform	direct	memory	access	(DMA),	boosting	performance	but	also	increasing	the	host	system’s	attack	surface	in	the	event	of	a
malicious	or	compromised	card.[110]	The	SD	8.0	specification,	announced	on	19	May	2020,	expanded	the	bus	interface	to	support	PCIe	4.0	on	all	cards	and	dual	lanes	on	full-size	cards.	With	dual	lane	PCIe	4.0,	this	update	raised	theoretical	maximum	transfer	speeds	to	3,938	MB/s	using	an	additional	row	of	contacts.[111]	Revisions	continued	with
version	9.0	in	February	2022[112]	and	version	9.1	in	October	2023,[113]	further	refining	the	standard.	Adoption	has	been	gradual.	In	February	2024,	Samsung	announced	it	was	sampling	its	first	microSD	Express	cards,[114]	though	commercial	availability	remained	limited.	Interest	increased	when	Nintendo	confirmed	in	April	2025	that	the
upcoming	Switch	2	would	only	support	microSD	Express	cards,	without	backwards	compatibility	for	UHS-I	cards.[115]	Speed	Class	ratings	are	defined	by	the	SDA	to	indicate	the	minimum	data	transfer	performance	of	SDHC	and	SDXC	memory	cards,	particularly	in	terms	of	sustained	sequential	write	speed.	These	ratings	are	especially	important	for
applications	such	as	video	recording,	which	require	consistent	throughput.[99]	Where	speed	classes	overlap,	manufacturers	often	display	multiple	symbols	on	the	same	card	to	indicate	compatibility	with	different	host	devices	and	standards.	Comparison	of	card	speed	class	ratings[116]	Min	speed	Speed	Class	Video	format[e]	Original	UHS	Video	SD
Express	SD	HD	4K	8K	2	MB/s	Class	2	(C2)	—	—	—	Yes	No	No	No	4	MB/s	Class	4	(C4)	Yes	6	MB/s	Class	6	(C6)	Class	6	(V6)	Yes	10	MB/s	Class	10	(C10)	Class	1	(U1)	Class	10	(V10)	30	MB/s	—	Class	3	(U3)	Class	30	(V30)	Yes	60	MB/s	—	Class	60	(V60)	90	MB/s	Class	90	(V90)	150	MB/s	—	Class	150	(E150)	300	MB/s	Class	300	(E300)	450	MB/s	Class	450
(E450)	600	MB/s	Class	600	(E600)	The	original	speed	class	ratings—Class	2,	4,	6,	and	10—specify	minimum	sustained	write	speeds	of	2,	4,	6,	and	10	MB/s,	respectively.	Class	10	cards	assume	a	non-fragmented	file	system	and	use	the	High	Speed	bus	mode.[101]	These	are	represented	by	a	number	encircled	with	a	"C"	(e.g.,	C2,	C4,	C6	and	C10).	Ultra
High	Speed	(UHS)	speed	class	ratings—U1	and	U3—specify	minimum	sustained	write	speeds	of	10	and	30	MB/s,	respectively.	These	classes	are	represented	by	a	number	inside	a	"U"	and	are	designed	for	high-bandwidth	tasks	such	as	4K	video	recording.[117]	Video	speed	class	ratings—V6,	V10,	V30,	V60,	and	V90—specify	minimum	sustained	write
speeds	of	6,	10,	30,	60,	and	90	MB/s,	respectively.[75][99][118]	These	classes	are	represented	by	a	stylized	"V"	followed	by	the	number,	were	introduced	to	support	high-resolution	formats	like	4K	and	8K,	and	to	align	with	the	performance	characteristics	of	MLC	NAND	flash	memory.[77]	SD	Express	speed	class	ratings—E150,	E300,	E450,	and	E600—
specify	minimum	sustained	write	speeds	of	150,	300,	450,	and	600	MB/s,	respectively.[113]	These	classes	are	represented	by	a	stylized	"E"	followed	by	the	number,	enclosed	in	a	rounded	rectangle.	They	are	designed	for	data-intensive	applications	such	as	large-scale	video	processing,	real-time	analytics,	and	software	execution.[113]	Main	article:	CD
and	DVD	writing	speed	Rating	Approx.(MB/s)	Comparablespeed	class	16×	2.34	(13×)	32×	4.69	(27×)	48×	7.03	(40×)	100×	14.6	(67×)	Initially,	some	manufacturers	used	a	"×"	rating	system	based	on	the	speed	of	a	standard	CD-ROM	drive	(150	kB/s	or	1.23	Mbit/s),[f]	but	this	approach	was	inconsistent	and	often	unclear.	It	was	later	replaced	by
standardized	Speed	Class	systems	that	specify	guaranteed	minimum	write	speeds.[101][118][119][120]	Speed	Class	ratings	guarantee	minimum	write	performance	but	do	not	fully	describe	real-world	speed,	which	can	vary	based	on	factors	such	as	file	fragmentation,	write	amplification	due	to	flash	memory	management,	controller	retry	operations	for
soft	error	correction	and	sequential	vs.	random	write	patterns.	In	some	cases,	cards	of	the	same	speed	class	may	perform	very	differently.	For	instance,	random	small-file	write	speeds	can	be	significantly	lower	than	sequential	performance.	A	2012	study	found	some	Class	2	cards	outperformed	Class	10	cards	in	random	writes.[90]	Another	test	in	2014
reported	a	300-fold	difference	in	small-write	performance	across	cards,	with	a	Class	4	card	outperforming	higher-rated	cards	in	certain	use	cases.[91]	Comparison	of	Application	Performance	Class	ratings[121]	Rating	Minimum	random	IOPS	Minimum	sustainedsequential	writing	Read	Write	Class	1	(A1)	1,500	500	10	MB/s	Class	2	(A2)	4,000	2,000
Application	Performance	Class	ratings	were	developed	to	address	the	increasing	demand	for	SD	memory	cards	capable	of	supporting	both	application	storage	and	execution	in	mobile	and	embedded	systems,	while	also	supporting	general-purpose	data	storage	such	as	photos,	videos,	music,	and	documents.	This	need	became	more	prominent	with	the
growing	use	of	SD	cards	for	storing	apps	and	application	data,	particularly	following	the	introduction	of	Android's	Adoptable	Storage	feature,	which	allows	SD	cards	to	function	as	internal	(non-removable)	storage.[122]	Class	A1,	as	defined	in	the	SD	Specification	5.1,	requires	a	minimum	of	1,500	input/output	operations	per	second	(IOPS)	for	reading
and	500	IOPS	for	writing,	using	4	kB	data	blocks.	Class	A2,	introduced	in	the	SD	Specification	6.0,	raises	these	thresholds	to	4,000	read	and	2,000	write	IOPS.	A2	cards	also	depend	on	host	driver	support	for	features	such	as	command	queuing	and	write	caching	to	achieve	their	specified	performance;	without	this	support,	they	operate	at	or	above	A1-
level	performance.	Both	A1	and	A2	classes	additionally	require	a	minimum	sustained	sequential	write	speed	of	10	MB/s.[123]	The	host	device	can	command	the	SD	card	to	become	read-only	(to	reject	subsequent	commands	to	write	information	to	it).	There	are	both	reversible	and	irreversible	host	commands	that	achieve	this.[124][125]	Diagram
showing	an	orange	sliding	write-protect	switch	in	both	the	unlocked	and	locked	positions	Sony	Tough	Series	SD	card,	one	of	the	few	cards	on	the	market	without	a	sliding	tab	on	the	write	protect	notch	Most	full-size	SD	cards	have	a	mechanical	write-protect	switch,	a	sliding	tab	over	a	notch	on	the	left	side	(viewed	from	the	top,	with	the	beveled
corner	on	the	right),	that	signals	to	the	device	to	treat	the	card	as	read-only.	Sliding	the	tab	up	(toward	the	contacts)	sets	the	card	to	read/write;	sliding	it	down	sets	it	to	read-only.	However,	the	switch	position	is	not	detected	by	the	card’s	internal	circuitry.[126]	Therefore,	some	devices	ignore	it,	while	others	allow	overrides.[citation	needed]	MiniSD
and	microSD	cards	lack	a	built-in	notch	but	can	be	used	with	adapters	that	include	one.	Cards	without	a	notch	are	always	writable;	cards	with	preloaded	content	have	a	notch	but	no	sliding	tab.[citation	needed]	This	article	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced
material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September	2023)	(Learn	how	and	when	to	remove	this	message)	MicroSD-to-SD	adapter	(left),	microSD-to-miniSD	adapter	(middle),	microSD	card	(right)	A	host	device	can	lock	an	SD	card	using	a	password	of	up	to	16	bytes,	typically
supplied	by	the	user.[citation	needed]	A	locked	card	interacts	normally	with	the	host	device	except	that	it	rejects	commands	to	read	and	write	data.[citation	needed]	A	locked	card	can	be	unlocked	only	by	providing	the	same	password.	The	host	device	can,	after	supplying	the	old	password,	specify	a	new	password	or	disable	locking.	Without	the
password	(typically,	in	the	case	that	the	user	forgets	the	password),	the	host	device	can	command	the	card	to	erase	all	the	data	on	the	card	for	future	re-use	(except	card	data	under	DRM),	but	there	is	no	way	to	gain	access	to	the	existing	data.[citation	needed]	Windows	Phone	7	devices	use	SD	cards	designed	for	access	only	by	the	phone
manufacturer	or	mobile	provider.	An	SD	card	inserted	into	the	phone	underneath	the	battery	compartment	becomes	locked	"to	the	phone	with	an	automatically	generated	key"	so	that	"the	SD	card	cannot	be	read	by	another	phone,	device,	or	PC".[127]	Symbian	devices,	however,	are	some	of	the	few	that	can	perform	the	necessary	low-level	format
operations	on	locked	SD	cards.	It	is	therefore	possible	to	use	a	device	such	as	the	Nokia	N8	to	reformat	the	card	for	subsequent	use	in	other	devices.[128]	A	smartSD	memory	card	is	a	microSD	card	with	an	internal	"secure	element"	that	allows	the	transfer	of	ISO	7816	Application	Protocol	Data	Unit	commands	to,	for	example,	JavaCard	applets
running	on	the	internal	secure	element	through	the	SD	bus.[129]	Some	of	the	earliest	versions	of	microSD	memory	cards	with	secure	elements	were	developed	in	2009	by	DeviceFidelity,	Inc.,[130][131]	a	pioneer	in	near-field	communication	(NFC)	and	mobile	payments,	with	the	introduction	of	In2Pay	and	CredenSE	products,	later	commercialized	and
certified	for	mobile	contactless	transactions	by	Visa	in	2010.[132]	DeviceFidelity	also	adapted	the	In2Pay	microSD	to	work	with	the	Apple	iPhone	using	the	iCaisse,	and	pioneered	the	first	NFC	transactions	and	mobile	payments	on	an	Apple	device	in	2010.[133][134][135]	Various	implementations	of	smartSD	cards	have	been	done	for	payment
applications	and	secured	authentication.[136][137]	In	2012	Good	Technology	partnered	with	DeviceFidelity	to	use	microSD	cards	with	secure	elements	for	mobile	identity	and	access	control.[138]	microSD	cards	with	Secure	Elements	and	NFC	(near-field	communication)	support	are	used	for	mobile	payments,	and	have	been	used	in	direct-to-
consumer	mobile	wallets	and	mobile	banking	solutions,	some	of	which	were	launched	by	major	banks	around	the	world,	including	Bank	of	America,	US	Bank	and	Wells	Fargo,[139][140][141]	while	others	were	part	of	innovative	new	direct-to-consumer	neobank	programs	such	as	moneto,	first	launched	in	2012.[142][143][144][145]	microSD	cards	with
Secure	Elements	have	also	been	used	for	secure	voice	encryption	on	mobile	devices,	which	allows	for	one	of	the	highest	levels	of	security	in	person-to-person	voice	communications.[146]	Such	solutions	are	heavily	used	in	intelligence	and	security.	In	2011,	HID	Global	partnered	with	Arizona	State	University	to	launch	campus	access	solutions	for
students	using	microSD	with	Secure	Element	and	MiFare	technology	provided	by	DeviceFidelity,	Inc.[147][148]	This	was	the	first	time	regular	mobile	phones	could	be	used	to	open	doors	without	need	for	electronic	access	keys.	Eye-Fi	Mobi	16	GBToshiba	FlashAir	16	GBPQI	air	card	4	GBTranscend	Wi-Fi	16	GB	SD	cards	with	dual	interfaces:	SD	and
USB	Vendors	have	sought	to	differentiate	their	products	in	the	market	through	various	vendor-specific	features:	Integrated	Wi-Fi	–	Several	companies	produce	SD	cards	with	built-in	Wi-Fi	transceivers	supporting	static	security	(WEP	40/104/128,	WPA-PSK	and	WPA2-PSK).	The	card	lets	any	digital	camera	with	an	SD	slot	transmit	captured	images
over	a	wireless	network,	or	store	the	images	on	the	card's	memory	until	it	is	in	range	of	a	wireless	network.	Examples	include:	Eye-Fi	/	SanDisk,	Transcend	Wi-Fi,	Toshiba	FlashAir,	Trek	Flucard,	PQI	Air	Card	and	LZeal	ez	Share.[149]	Some	models	geotag	their	pictures.	Pre-loaded	content	–	In	2006,	SanDisk	announced	Gruvi,	a	microSD	card	with
extra	digital	rights	management	features,	which	they	intended	as	a	medium	for	publishing	content.	SanDisk	again	announced	pre-loaded	cards	in	2008,	under	the	slotMusic	name,	this	time	not	using	any	of	the	DRM	capabilities	of	the	SD	card.[150]	In	2011,	SanDisk	offered	various	collections	of	1000	songs	on	a	single	slotMusic	card	for	about	$40,
[151]	now	restricted	to	compatible	devices	and	without	the	ability	to	copy	the	files.	Integrated	USB	connector	–	The	SanDisk	SD	Plus	product	can	be	plugged	directly	into	a	USB	port	without	needing	a	USB	card	reader.[152]	Other	companies	introduced	comparable	products,	such	as	the	Duo	SD	product	of	OCZ	Technology	and	the	3	Way	(microSDHC,
SDHC	and	USB)	product	of	A-DATA,	which	was	available	in	2008	only.	Different	colors	–	SanDisk	has	used	various	colors	of	plastic	or	adhesive	label,	including	a	"gaming"	line	in	translucent	plastic	colors	that	indicated	the	card's	capacity.	In	2006,	the	first	256MB	microSD	to	use	color-coded	cards	by	Kingmax,	which	later	other	brands	(e.g.,	SanDisk,
Kioxia)	had	been	implementing	to	this	day.	Integrated	display	–	In	2006,	ADATA	announced	a	Super	Info	SD	card	with	a	digital	display	that	provided	a	two-character	label	and	showed	the	amount	of	unused	memory	on	the	card.[153]	This	article	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable
sources.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September	2023)	(Learn	how	and	when	to	remove	this	message)	Secure	Digital	Input	Output	(SDIO)	mark	Camera	using	the	SDIO	interface	to	connect	to	some	HP	iPAQ	devices	A	SDIO	(Secure	Digital	Input	Output)
card	is	an	extension	of	the	SD	specification	to	cover	I/O	functions.	SDIO	cards	are	only	fully	functional	in	host	devices	designed	to	support	their	input-output	functions	(typically	PDAs	like	the	Palm	Treo,	but	occasionally	laptops	or	mobile	phones).[citation	needed]	These	devices	can	use	the	SD	slot	to	support	GPS	receivers,	modems,	barcode	readers,
FM	radio	tuners,	TV	tuners,	RFID	readers,	digital	cameras	and	interfaces	to	Wi-Fi,	Bluetooth,	Ethernet	and	IrDA.	Many	other	SDIO	devices	have	been	proposed,	but	it	is	now	more	common	for	I/O	devices	to	connect	using	the	USB	interface.[citation	needed]	SDIO	cards	support	most	of	the	memory	commands	of	SD	cards.	SDIO	cards	can	be	structured
as	eight	logical	cards,	although	currently,	the	typical	way	that	an	SDIO	card	uses	this	capability	is	to	structure	itself	as	one	I/O	card	and	one	memory	card.[citation	needed]	The	SDIO	and	SD	interfaces	are	mechanically	and	electrically	identical.	Host	devices	built	for	SDIO	cards	generally	accept	SD	memory	cards	without	I/O	functions.	However,	the
reverse	is	not	true,	because	host	devices	need	suitable	drivers	and	applications	to	support	the	card's	I/O	functions.	For	example,	an	HP	SDIO	camera	usually	does	not	work	with	PDAs	that	do	not	list	it	as	an	accessory.	Inserting	an	SDIO	card	into	any	SD	slot	causes	no	physical	damage	nor	disruption	to	the	host	device,	but	users	may	be	frustrated	that
the	SDIO	card	does	not	function	fully	when	inserted	into	a	seemingly	compatible	slot.	(USB	and	Bluetooth	devices	exhibit	comparable	compatibility	issues,	although	to	a	lesser	extent	thanks	to	standardized	USB	device	classes	and	Bluetooth	profiles.)[citation	needed]	The	SDIO	family	comprises	Low-Speed	and	Full-Speed	cards.	Both	types	of	SDIO
cards	support	Serial	Peripheral	Interface	(SPI)	and	one-bit	SD	bus	types.	Low-Speed	SDIO	cards	are	allowed	to	also	support	the	four-bit	SD	bus;	Full-Speed	SDIO	cards	are	required	to	support	the	four-bit	SD	bus.	To	use	an	SDIO	card	as	a	"combo	card"	(for	both	memory	and	I/O),	the	host	device	must	first	select	four-bit	SD	bus	operation.	Two	other
unique	features	of	Low-Speed	SDIO	are	a	maximum	clock	rate	of	400	kHz	for	all	communications,	and	the	use	of	Pin	8	as	"interrupt"	to	try	to	initiate	dialogue	with	the	host	device.[154]	Host	devices	that	comply	with	newer	versions	of	the	specification	provide	backward	compatibility	and	accept	older	SD	cards.[64]	For	example,	SDXC	host	devices
accept	all	previous	families	of	SD	memory	cards,	and	SDHC	host	devices	also	accept	standard	SD	cards.	Older	host	devices	generally	do	not	support	newer	card	formats,	and	even	when	they	might	support	the	bus	interface	used	by	the	card,[55]	there	are	several	factors	that	arise:	A	newer	card	may	offer	greater	capacity	than	the	host	device	can
handle	(over	4	GB	for	SDHC,	over	32	GB	for	SDXC).	A	newer	card	may	use	a	file	system	the	host	device	cannot	navigate	(FAT32	for	SDHC,	exFAT	for	SDXC)	Use	of	an	SDIO	card	requires	the	host	device	be	designed	for	the	input/output	functions	the	card	provides.	The	hardware	interface	of	the	card	was	changed	starting	with	the	version	2.0	(new
high-speed	bus	clocks,	redefinition	of	storage	capacity	bits)	and	SDHC	family	(ultra-high	speed	(UHS)	bus)	UHS-II	has	physically	more	pins	but	is	backwards	compatible	to	UHS-I	and	non-UHS	for	both	slot	and	card.[96]	Some	vendors	produced	SDSC	cards	above	1	GB	before	the	SDA	had	standardized	a	method	of	doing	so.	SD	compatibility	table
CardSlot	SDSC	SDHC	SDHCUHS	SDXC	SDXCUHS	SDIO	SDSC	Partial[g]	FAT16,	<	4	GB[g]	FAT16,	<	4	GB[g]	No	No	No	SDHC	Yes	Yes	In	non-UHS	mode	FAT32	FAT32	in	non-UHS	mode	No	SDHC	UHS	In	non-UHS	mode	In	non-UHS	mode	In	UHS	mode	FAT32	in	non-UHS	mode	FAT32	in	UHS	mode	No	SDXC	Yes	Yes	In	non-UHS	mode	Yes	In	non-
UHS	mode	No	SDXC	UHS	In	non-UHS	mode	In	non-UHS	mode	In	UHS	mode	In	non-UHS	mode	In	UHS	mode	No	SDIO	Varies	Varies	Varies	Varies	Varies	Yes	An	internal	microSD	card	reader,	taken	from	a	Nintendo	Switch	Due	to	their	compact	size,	Secure	Digital	cards	are	used	in	many	consumer	electronic	devices,	and	have	become	a	widespread
means	of	storing	several	gigabytes	of	data	in	a	small	size.	Devices	in	which	the	user	may	remove	and	replace	cards	often,	such	as	digital	cameras,	camcorders	and	video	game	consoles,	tend	to	use	full-sized	cards.	Devices	in	which	small	size	is	paramount,	such	as	mobile	phones,	action	cameras	such	as	the	GoPro	Hero	series,	and	camera	drones,	tend
to	use	microSD	cards.[1][2]	The	microSD	card	has	helped	propel	the	smartphone	market	by	giving	both	manufacturers	and	consumers	greater	flexibility	and	freedom.	While	cloud	storage	depends	on	stable	internet	connection	and	sufficiently	voluminous	data	plans,	memory	cards	in	mobile	devices	provide	location-independent	and	private	storage
expansion	with	much	higher	transfer	rates	and	no	network	delay,	enabling	applications	such	as	photography	and	video	recording.	While	data	stored	internally	on	bricked	devices	is	inaccessible,	data	stored	on	the	memory	card	can	be	salvaged	and	accessed	externally	by	the	user	as	mass	storage	device.	A	benefit	over	USB	on	the	go	storage	expansion
is	uncompromised	ergonomy.	The	usage	of	a	memory	card	also	protects	the	mobile	phone's	non-replaceable	internal	storage	from	weardown	from	heavy	applications	such	as	excessive	camera	usage	and	portable	FTP	server	hosting	over	WiFi	Direct.	Due	to	the	technical	development	of	memory	cards,	users	of	existing	mobile	devices	are	able	to	expand
their	storage	further	and	priceworthier	with	time.[155][156][157]	Recent	versions	of	major	operating	systems	such	as	Windows	Mobile	and	Android	allow	applications	to	run	from	microSD	cards,	creating	possibilities	for	new	usage	models	for	SD	cards	in	mobile	computing	markets,	as	well	as	clearing	available	internal	storage	space.[158]	SD	cards
are	not	the	most	economical	solution	in	devices	that	need	only	a	small	amount	of	non-volatile	memory,	such	as	station	presets	in	small	radios.	They	may	also	not	present	the	best	choice	for	applications	that	require	higher	storage	capacities	or	speeds	as	provided	by	other	flash	card	standards	such	as	CompactFlash.	These	limitations	may	be	addressed
by	evolving	memory	technologies,	such	as	the	new	SD	7.0	specifications	which	allow	storage	capabilities	of	up	to	128	TB.[b][159]	Many	personal	computers	of	all	types,	including	tablets	and	mobile	phones,	use	SD	cards,	either	through	built-in	slots	or	through	an	active	electronic	adapter.	Adapters	exist	for	the	PC	card,	ExpressBus,	USB,	FireWire	and
the	parallel	printer	port.	Active	adapters	also	let	SD	cards	be	used	in	devices	designed	for	other	formats,	such	as	CompactFlash.	The	FlashPath	adapter	lets	SD	cards	be	used	in	a	floppy	disk	drive.	Some	devices	such	as	the	Samsung	Galaxy	Fit	(2011)	and	Samsung	Galaxy	Note	8.0	(2013)	have	an	SD	card	compartment	located	externally	and	accessible
by	hand,	while	it	is	located	under	the	battery	cover	on	other	devices.	More	recent	mobile	phones	use	a	pin-hole	ejection	system	for	the	tray	which	houses	both	the	memory	card	and	SIM	card.	Samsung	Pro	64	GB	microSDXC	original	(left)	and	counterfeit	(right):	The	counterfeit	claims	to	have	64	GB	in	capacity,	but	only	8	GB	(Class	4	speed)	are
usable:	When	trying	to	write	more	than	8	GB,	data	loss	occurs.	Also	used	for	SanDisk	64	GB	fakes.	Images	of	genuine,	questionable	and	counterfeit	microSD	(Secure	Digital)	cards	before	and	after	decapsulation.	Details	at	source,	photo	by	Andrew	Huang	Commonly	found	on	the	market	are	mislabeled	or	counterfeit	Secure	Digital	cards	that	report	a
fake	capacity	or	run	slower	than	labeled.[160][161][162]	Software	tools	exist	to	check	and	detect	counterfeit	products,[163][164][165]	and	in	some	cases	it	is	possible	to	repair	these	devices	to	remove	the	false	capacity	information	and	use	its	real	storage	limit.[166]	Detection	of	counterfeit	cards	usually	involves	copying	files	with	random	data	to	the
SD	card	until	the	card's	capacity	is	reached,	and	copying	them	back.	The	files	that	were	copied	back	can	be	tested	either	by	comparing	checksums	(e.g.	MD5),	or	trying	to	compress	them.	The	latter	approach	leverages	the	fact	that	counterfeited	cards	let	the	user	read	back	files,	which	then	consist	of	easily	compressible	uniform	data	(for	example,
repeating	0xFFs).	SD	card	in	a	DSLR	camera	Secure	Digital	memory	cards	can	be	used	in	Sony	XDCAM	EX	camcorders	with	an	adapter.[167]	Although	many	personal	computers	accommodate	SD	cards	as	an	auxiliary	storage	device	using	a	built-in	slot,	or	can	accommodate	SD	cards	by	means	of	a	USB	adapter,	SD	cards	cannot	be	used	as	the
primary	hard	disk	through	the	onboard	ATA	controller,	because	none	of	the	SD	card	variants	support	ATA	signalling.	Primary	hard	disk	use	requires	a	separate	SD	host	controller[168]	or	an	SD-to-CompactFlash	converter.	However,	on	computers	that	support	bootstrapping	from	a	USB	interface,	an	SD	card	in	a	USB	adapter	can	be	the	boot	disk,
provided	it	contains	an	operating	system	that	supports	USB	access	once	the	bootstrap	is	complete.	In	laptop	and	tablet	computers,	memory	cards	in	an	integrated	memory	card	reader	offer	an	ergonomical	benefit	over	USB	flash	drives,	as	the	latter	sticks	out	of	the	device,	and	the	user	would	need	to	be	cautious	not	to	bump	it	while	transporting	the
device,	which	could	damage	the	USB	port.	Memory	cards	have	a	unified	shape	and	do	not	reserve	a	USB	port	when	inserted	into	a	computer's	dedicated	card	slot.	Since	late	2009,	newer	Apple	computers	with	installed	SD	card	readers	have	been	able	to	boot	in	macOS	from	SD	storage	devices,	when	properly	formatted	to	Mac	OS	Extended	file	format
and	the	default	partition	table	set	to	GUID	Partition	Table.[169]	SD	cards	are	increasing	in	usage	and	popularity	among	owners	of	vintage	computers	like	Atari	8-bit	computers.	For	example	SIO2SD	(SIO	is	an	Atari	port	for	connecting	external	devices)	is	used	nowadays.	Software	for	an	8-bit	Atari	may	be	included	on	one	SD	card	that	may	have	less
than	4–8	GB	of	disk	size	(2019).[170]	A	shield	(daughterboard)	that	gives	Arduino	prototyping	microprocessors	access	to	SD	cards	In	2008,	the	SDA	specified	Embedded	SD,	"leverag[ing]	well-known	SD	standards"	to	enable	non-removable	SD-style	devices	on	printed	circuit	boards.[171]	However	this	standard	was	not	adopted	by	the	market	while	the
MMC	standard	became	the	de	facto	standard	for	embedded	systems.	SanDisk	provides	such	embedded	memory	components	under	the	iNAND	brand.[172]	While	some	modern	microcontrollers	integrate	SDIO	hardware	which	uses	the	faster	proprietary	four-bit	SD	bus	mode,	almost	all	modern	microcontrollers	at	least	have	SPI	units	that	can	interface
to	an	SD	card	operating	in	the	slower	one-bit	SPI	bus	mode.	If	not,	SPI	can	also	be	emulated	by	bit	banging	(e.g.	a	SD	card	slot	soldered	to	a	Linksys	WRT54G-TM	router	and	wired	to	GPIO	pins	using	DD-WRT's	Linux	kernel	achieved	only	1.6	Mbit/s	throughput).[173]	Prerecorded	microSDs	have	been	used	to	commercialize	music	under	the	brands
slotMusic	and	slotRadio	by	SanDisk	and	MQS	by	Astell	&	Kern.	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September	2023)
(Learn	how	and	when	to	remove	this	message)	microSD	card	and	standard	SD	card	adapter	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·
JSTOR	(September	2023)	(Learn	how	and	when	to	remove	this	message)	The	SD	card	specification	defines	three	physical	sizes.	The	SD	and	SDHC	families	are	available	in	all	three	sizes,	but	the	SDXC	and	SDUC	families	are	not	available	in	the	mini	size,	and	the	SDIO	family	is	not	available	in	the	micro	size.	Smaller	cards	are	usable	in	larger	slots
through	use	of	a	passive	adapter.	Size	comparison	of	families:	SD	(blue),	miniSD	(green),	microSD	(red)	SD	(SDSC),	SDHC,	SDXC,	SDIO,	SDUC	32	mm	×	24	mm	×	2.1	mm	(1+17⁄64	in	×	15⁄16	in	×	5⁄64	in)	32	mm	×	24	mm	×	1.4	mm	(1+17⁄64	in	×	15⁄16	in	×	1⁄16	in)	(as	thin	as	MMC)	for	Thin	SD	(rare)	miniSD,	miniSDHC,	miniSDIO	21.5	mm	×	20	mm
×	1.4	mm	(27⁄32	in	×	25⁄32	in	×	1⁄16	in)	The	micro	form	factor	is	the	smallest	SD	card	format.[174]	microSD,	microSDHC,	microSDXC,	microSDUC	15	mm	×	11	mm	×	1	mm	(19⁄32	in	×	7⁄16	in	×	3⁄64	in)	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.
Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September	2023)	(Learn	how	and	when	to	remove	this	message)	Cards	may	support	various	combinations	of	the	following	bus	types	and	transfer	modes.	The	SPI	bus	mode	and	one-bit	SD	bus	mode	are	mandatory	for	all	SD
families,	as	explained	in	the	next	section.	Once	the	host	device	and	the	SD	card	negotiate	a	bus	interface	mode,	the	usage	of	the	numbered	pins	is	the	same	for	all	card	sizes.	SPI	bus	mode:	Serial	Peripheral	Interface	Bus	is	primarily	used	by	embedded	microcontrollers.	This	bus	type	supports	only	a	3.3-volt	interface.	This	is	the	only	bus	type	that	does
not	require	a	host	license.[citation	needed]	One-bit	SD	bus	mode:	Separate	command	and	data	channels	and	a	proprietary	transfer	format.	Four-bit	SD	bus	mode:	Uses	extra	pins	plus	some	reassigned	pins.	This	is	the	same	protocol	as	the	one-bit	SD	bus	mode	which	uses	one	command	and	four	data	lines	for	faster	data	transfer.	All	SD	cards	support
this	mode.	UHS-I	and	UHS-II	require	this	bus	type.	Two	differential	lines	SD	UHS-II	mode:	Uses	two	low-voltage	differential	signaling	interfaces	to	transfer	commands	and	data.	UHS-II	cards	include	this	interface	in	addition	to	the	SD	bus	modes.	The	physical	interface	comprises	9	pins,	except	that	the	miniSD	card	adds	two	unconnected	pins	in	the
center	and	the	microSD	card	omits	one	of	the	two	VSS	(Ground)	pins.[175]	Official	pin	numbers	for	each	card	type	(top	to	bottom):	MMC,	SD,	miniSD,	microSD.	This	shows	the	evolution	from	the	older	MMC,	on	which	SD	is	based.	NOTE:	This	drawing	does	not	show	8	new	UHS-II	contacts	that	were	added	in	spec	4.0.	SPI	bus	mode	MMCpin	SDpin
miniSDpin	microSDpin	Name	I/O	Logic	Description	1	1	1	2	nCS	I	PP	SPI	Card	Select	[CS]	(Negative	logic)	2	2	2	3	DI	I	PP	SPI	Serial	Data	In	[MOSI]	3	3	3	VSS	S	S	Ground	4	4	4	4	VDD	S	S	Power	5	5	5	5	CLK	I	PP	SPI	Serial	Clock	[SCLK]	6	6	6	6	VSS	S	S	Ground	7	7	7	7	DO	O	PP	SPI	Serial	Data	Out	[MISO]	8	8	8	NCnIRQ	.O	.OD	Unused	(memory
cards)Interrupt	(SDIO	cards)	(negative	logic)	9	9	1	NC	.	.	Unused	10	NC	.	.	Reserved	11	NC	.	.	Reserved	One-bit	SD	bus	mode	MMCpin	SDpin	miniSDpin	microSDpin	Name	I/O	Logic	Description	1	1	1	2	CD	I/O	.	Card	detection	(by	host)	andnon-SPI	mode	detection	(by	card)	2	2	2	3	CMD	I/O	PP,OD	Command,Response	3	3	3	VSS	S	S	Ground	4	4	4	4	VDD
S	S	Power	5	5	5	5	CLK	I	PP	Serial	clock	6	6	6	6	VSS	S	S	Ground	7	7	7	7	DAT0	I/O	PP	SD	Serial	Data	0	8	8	8	NCnIRQ	.O	.OD	Unused	(memory	cards)Interrupt	(SDIO	cards)	(negative	Logic)	9	9	1	NC	.	.	Unused	10	NC	.	.	Reserved	11	NC	.	.	Reserved	Four-bit	SD	bus	mode	MMCpin	SDpin	miniSDpin	microSDpin	Name	I/O	Logic	Description	.	1	1	2	DAT3
I/O	PP	SD	Serial	Data	3	.	2	2	3	CMD	I/O	PP,OD	Command,Response	.	3	3	VSS	S	S	Ground	.	4	4	4	VDD	S	S	Power	.	5	5	5	CLK	I	PP	Serial	clock	.	6	6	6	VSS	S	S	Ground	.	7	7	7	DAT0	I/O	PP	SD	Serial	Data	0	8	8	8	DAT1nIRQ	I/OO	PPOD	SD	Serial	Data	1	(memory	cards)Interrupt	Period	(SDIO	cards	share	pin	via	protocol)	9	9	1	DAT2	I/O	PP	SD	Serial	Data	2
10	NC	.	.	Reserved	11	NC	.	.	Reserved	Notes:	Direction	is	relative	to	card.	I	=	Input,	O	=	Output.	PP	=	Push-Pull	logic,	OD	=	Open-Drain	logic.	S	=	Power	Supply,	NC	=	Not	Connected	(or	logical	high).	Inside	a	512	MB	SD	card:	NAND	flash	chip	that	holds	the	data	(bottom)	and	SD	controller	(top)	Inside	a	2	GB	SD	card:	two	NAND	flash	chips	(top	and
middle),	SD	controller	chip	(bottom)	Inside	a	16	GB	SDHC	card	SD	cards	and	host	devices	initially	communicate	through	a	synchronous	one-bit	interface,	where	the	host	device	provides	a	clock	signal	that	strobes	single	bits	in	and	out	of	the	SD	card.	The	host	device	thereby	sends	48-bit	commands	and	receives	responses.	The	card	can	signal	that	a
response	will	be	delayed,	but	the	host	device	can	abort	the	dialogue.[101]	Through	issuing	various	commands,	the	host	device	can:[101]	Determine	the	type,	memory	capacity	and	capabilities	of	the	SD	card	Command	the	card	to	use	a	different	voltage,	different	clock	speed,	or	advanced	electrical	interface	Prepare	the	card	to	receive	a	block	to	write
to	the	flash	memory,	or	read	and	reply	with	the	contents	of	a	specified	block.	The	command	interface	is	an	extension	of	the	MultiMediaCard	(MMC)	interface.	SD	cards	dropped	support	for	some	of	the	commands	in	the	MMC	protocol,	but	added	commands	related	to	copy	protection.	By	using	only	commands	supported	by	both	standards	until
determining	the	type	of	card	inserted,	a	host	device	can	accommodate	both	SD	and	MMC	cards.	All	SD	card	families	initially	use	a	3.3	volt	electrical	interface.	On	command,	SDHC	and	SDXC	cards	can	switch	to	1.8	V	operation.[101]	At	power-up	or	card	insertion,	the	voltage	on	pin	1	selects	either	the	Serial	Peripheral	Interface	(SPI)	bus	or	the	SD
bus.	The	SD	bus	starts	in	one-bit	mode,	but	the	host	device	may	issue	a	command	to	switch	to	the	four-bit	mode,	if	the	SD	card	supports	it.	For	various	card	types,	support	for	the	four-bit	SD	bus	is	either	optional	or	mandatory.[101]	After	determining	that	the	SD	card	supports	it,	the	host	device	can	also	command	the	SD	card	to	switch	to	a	higher
transfer	speed.	Until	determining	the	card's	capabilities,	the	host	device	should	not	use	a	clock	speed	faster	than	400	kHz.	SD	cards	other	than	SDIO	(see	below)	have	a	"Default	Speed"	clock	rate	of	25	MHz.	The	host	device	is	not	required	to	use	the	maximum	clock	speed	that	the	card	supports.	It	may	operate	at	less	than	the	maximum	clock	speed	to
conserve	power.[101]	Between	commands,	the	host	device	can	stop	the	clock	entirely.	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR
(September	2023)	(Learn	how	and	when	to	remove	this	message)	Most	SD	cards	ship	preformatted	with	one	or	more	MBR	partitions,	where	the	first	or	only	partition	contains	a	file	system.	This	lets	them	operate	like	the	hard	disk	of	a	personal	computer.	Per	the	SD	card	specification,	an	SD	card	is	formatted	with	MBR	and	the	following	file	system:
For	SDSC	cards:	Capacity	of	less	than	32,680	logical	sectors	(smaller	than	16	MB[h]):	FAT12	with	partition	type	01h	and	BPB	3.0	or	EBPB	4.1[176]	Capacity	of	32,680	to	65,535	logical	sectors	(between	16	MB	and	32	MB):[h]	FAT16	with	partition	type	04h	and	BPB	3.0	or	EBPB	4.1[176]	Capacity	of	at	least	65,536	logical	sectors	(larger	than	32	MB):
[h]	FAT16B	with	partition	type	06h	and	EBPB	4.1[176]	For	SDHC	cards:	Capacity	of	less	than	16,450,560	logical	sectors	(smaller	than	7.8	GB):	FAT32	with	partition	type	0Bh	and	EBPB	7.1	Capacity	of	at	least	16,450,560	logical	sectors	(larger	than	7.8	GB):	FAT32	with	partition	type	0Ch	and	EBPB	7.1	For	SDXC	cards:	exFAT	with	partition	type	07h
Most	consumer	products	that	take	an	SD	card	expect	that	it	is	partitioned	and	formatted	in	this	way.	Universal	support	for	FAT12,	FAT16,	FAT16B	and	FAT32	allows	the	use	of	SDSC	and	SDHC	cards	on	most	host	computers	with	a	compatible	SD	reader,	to	present	the	user	with	the	familiar	method	of	named	files	in	a	hierarchical	directory	tree.
[citation	needed]	On	such	SD	cards,	standard	utility	programs	such	as	Mac	OS	X's	"Disk	Utility"	or	Windows'	SCANDISK	can	be	used	to	repair	a	corrupted	filing	system	and	sometimes	recover	deleted	files.	Defragmentation	tools	for	FAT	file	systems	may	be	used	on	such	cards.	The	resulting	consolidation	of	files	may	provide	a	marginal	improvement
in	the	time	required	to	read	or	write	the	file,[177]	but	not	an	improvement	comparable	to	defragmentation	of	hard	drives,	where	storing	a	file	in	multiple	fragments	requires	additional	physical	and	relatively	slow,	movement	of	a	drive	head.[citation	needed]	Moreover,	defragmentation	performs	writes	to	the	SD	card	that	count	against	the	card's	rated
lifespan.	The	write	endurance	of	the	physical	memory	is	discussed	in	the	article	on	flash	memory;	newer	technology	to	increase	the	storage	capacity	of	a	card	provides	worse	write	endurance.[citation	needed]	When	reformatting	an	SD	card	with	a	capacity	of	at	least	32	MB[h]	(65,536	logical	sectors	or	more),	but	not	more	than	2	GB,[d]	FAT16B	with
partition	type	06h	and	EBPB	4.1[176]	is	recommended	if	the	card	is	for	a	consumer	device.	(FAT16B	is	also	an	option	for	4	GB	cards,	but	it	requires	the	use	of	64	KB	clusters,	which	are	not	widely	supported.)	FAT16B	does	not	support	cards	above	4	GB[d]	at	all.	The	SDXC	specification	mandates	the	use	of	Microsoft's	proprietary	exFAT	file	system,
[178]	which	sometimes	requires	appropriate	drivers	(e.g.	exfat-utils/exfat-fuse	on	Linux).	Reformatting	an	SD	card	with	a	different	file	system,	or	even	with	the	same	one,	may	make	the	card	slower,	or	shorten	its	lifespan.	Some	cards	use	wear	leveling,	in	which	frequently	modified	blocks	are	mapped	to	different	portions	of	memory	at	different	times,
and	some	wear-leveling	algorithms	are	designed	for	the	access	patterns	typical	of	FAT12,	FAT16	or	FAT32.[179]	In	addition,	the	preformatted	file	system	may	use	a	cluster	size	that	matches	the	erase	region	of	the	physical	memory	on	the	card;	reformatting	may	change	the	cluster	size	and	make	writes	less	efficient.	The	SD	Association	provides	freely
downloadable	SD	Formatter	software	to	overcome	these	problems	for	Windows	and	Mac	OS	X.[180]	SD/SDHC/SDXC	memory	cards	have	a	"Protected	Area"	on	the	card	for	the	SD	standard's	security	function.	Neither	standard	formatters	nor	the	SD	Association	formatter	will	erase	it.	The	SD	Association	suggests	that	devices	or	software	which	use	the
SD	security	function	may	format	it.[180]	The	power	consumption	of	SD	cards	varies	by	its	speed	mode,	manufacturer	and	model.[citation	needed]	During	transfer	it	may	be	in	the	range	of	66–330	mW	(20–100	mA	at	a	supply	voltage	of	3.3	V).	Specifications	from	TwinMOS	Technologies	list	a	maximum	of	149	mW	(45	mA)	during	transfer.	Toshiba	lists
264–330	mW	(80–100	mA).[181]	Standby	current	is	much	lower,	less	than	0.2	mA	for	one	2006	microSD	card.[182]	If	there	is	data	transfer	for	significant	periods,	battery	life	may	be	reduced	noticeably;	for	reference,	the	capacity	of	smartphone	batteries	is	typically	around	6	Wh	(Samsung	Galaxy	S2:	1650	mAh	@	3.7	V).	Modern	UHS-II	cards	can
consume	up	to	2.88	W,	if	the	host	device	supports	bus	speed	mode	SDR104	or	UHS-II.	Minimum	power	consumption	in	the	case	of	a	UHS-II	host	is	720	mW.[citation	needed]	Card	requirements	in	different	bus	speed	modes[183]	Bus	speedmode	Max.	busspeed[MB/s]	Max.	clockfrequency[MHz]	Signalvoltage[V]	SDSC[W]	SDHC[W]	SDXC[W]	HD312
312	52	0.4	–	2.88	2.88	FD156	156	52	0.4	–	2.88	2.88	SDR104	104	208	1.8	–	2.88	2.88	SDR50	50	100	1.8	–	1.44	1.44	DDR50	50	50	1.8	–	1.44	1.44	SDR25	25	50	1.8	–	0.72	0.72	SDR12	12.5	25	1.8	–	0.36	0.36	/	0.54	High	Speed	25	50	3.3	0.72	0.72	0.72	Default	Speed	12.5	25	3.3	0.33	0.36	0.36	/	0.54	All	SD	cards	let	the	host	device	determine	how	much
information	the	card	can	hold,	and	the	specification	of	each	SD	family	gives	the	host	device	a	guarantee	of	the	maximum	capacity	a	compliant	card	reports.	By	the	time	the	version	2.0	(SDHC)	specification	was	completed	in	June	2006,[184]	vendors	had	already	devised	2	GB	and	4	GB	SD	cards,	either	as	specified	in	Version	1.01,	or	by	creatively
reading	Version	1.00.	The	resulting	cards	do	not	work	correctly	in	some	host	devices.[185][186]	4	GB	SDSC	card	SD	version	1.00	assumed	512	bytes	per	block.	This	permitted	SDSC	cards	up	to	4,096	×	512	×	512	B	=	1	GB.[d]	Version	1.01	let	an	SDSC	card	use	a	4-bit	field	to	indicate	1,024	or	2,048	bytes	per	block	instead.[101]	Doing	so	enabled
cards	with	2	GB	and	4	GB	capacity,	such	as	the	Transcend	4	GB	SD	card,	the	Memorette	4	GB	SD	card	and	the	Hoco	4	GB	microSD	card.[citation	needed]	The	format	of	the	Card-Specific	Data	(CSD)	register	changed	between	version	1	(SDSC)	and	version	2.0	(which	defines	SDHC	and	SDXC).	In	version	1	of	the	SD	specification,	capacities	up	to



2	GB[d]	are	calculated	by	combining	fields	of	the	CSD	as	follows:	Capacity	=	(C_SIZE	+	1)	×	2(C_SIZE_MULT	+	READ_BL_LEN	+	2)	where	0	≤	C_SIZE	≤	4095,	0	≤	C_SIZE_MULT	≤	7,	READ_BL_LEN	is	9	(for	512	bytes/sector)	or	10	(for	1024	bytes/sector)	Later	versions	state	(at	Section	4.3.2)	that	a	2	GB	SDSC	card	shall	set	its	READ_BL_LEN	(and
WRITE_BL_LEN)	to	indicate	1,024	bytes,	so	that	the	above	computation	correctly	reports	the	card's	capacity,	but	that,	for	consistency,	the	host	device	shall	not	request	(by	CMD16)	block	lengths	over	512	B.[101]	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this
section.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September	2023)	(Learn	how	and	when	to	remove	this	message)	In	the	definition	of	SDHC	cards	in	version	2.0,	the	C_SIZE	portion	of	the	CSD	is	22	bits	and	it	indicates	the	memory	size	in	multiples	of	512	KB	(the
C_SIZE_MULT	field	is	removed	and	READ_BL_LEN	is	no	longer	used	to	compute	capacity).	Two	bits	that	were	formerly	reserved	now	identify	the	card	family:	0	is	SDSC;	1	is	SDHC	or	SDXC;	2	and	3	are	reserved.[101]	Because	of	these	redefinitions,	older	host	devices	do	not	correctly	identify	SDHC	or	SDXC	cards	nor	their	correct	capacity.	SDHC
cards	are	restricted	to	reporting	a	capacity	not	over	32	GB.[citation	needed]	SDXC	cards	are	allowed	to	use	all	22	bits	of	the	C_SIZE	field.	An	SDHC	card	that	did	so	(reported	C_SIZE	>	65,375	to	indicate	a	capacity	of	over	32	GB)	would	violate	the	specification.	A	host	device	that	relied	on	C_SIZE	rather	than	the	specification	to	determine	the	card's
maximum	capacity	might	support	such	a	card,	but	the	card	might	fail	in	other	SDHC-compatible	host	devices.[citation	needed]	Capacity	is	calculated	thus:	Capacity	=	(C_SIZE	+	1)	×	524288	where	for	SDHC	4112	≤	C_SIZE	≤	65375	≈2	GB	≤	Capacity	≤	≈32	GB	where	for	SDXC	65535	≤	C_SIZE	≈32	GB	≤	Capacity	≤	2	TB[citation	needed]	Capacities
above	4	GB	can	only	be	achieved	by	following	version	2.0	or	later	versions.	In	addition,	capacities	equal	to	4	GB	must	also	do	so	to	guarantee	compatibility.[citation	needed]	This	section	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources	in	this	section.	Unsourced	material	may	be
challenged	and	removed.Find	sources:	"SD	card"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(September	2023)	(Learn	how	and	when	to	remove	this	message)	Dismantled	microSD	to	SD	adapter	showing	the	passive	connection	from	the	microSD	card	slot	on	the	bottom	to	the	SD	pins	on	the	top	Like	most	memory	card	formats,	SD	is	covered	by
numerous	patents	and	trademarks.	Excluding	SDIO	cards,	royalties	for	SD	card	licenses	are	imposed	for	manufacture	and	sale	of	memory	cards	and	host	adapters	(US$1,000/year	plus	membership	at	US$1,500/year)[citation	needed]	Early	versions	of	the	SD	specification	were	available	under	a	non-disclosure	agreement	(NDA)	prohibiting
development	of	open-source	drivers.	However,	the	system	was	eventually	reverse-engineered	and	free	software	drivers	provided	access	to	SD	cards	not	using	DRM.	Subsequent	to	the	release	of	most	open-source	drivers,	the	SDA	provided	a	simplified	version	of	the	specification	under	a	less	restrictive	license	helping	reduce	some	incompatibility
issues.[187]	Under	a	disclaimers	agreement,	the	simplified	specification	released	by	the	SDA	in	2006	–	as	opposed	to	that	of	SD	cards	–	was	later	extended	to	the	physical	layer,	ASSD	extensions,	SDIO	and	SDIO	Bluetooth	Type-A.[188]	The	Simplified	Specification[189]	is	available.	Again,	most	of	the	information	had	already	been	discovered	and	Linux
had	a	fully	free	driver	for	it.	Still,	building	a	chip	conforming	to	this	specification	caused	the	One	Laptop	per	Child	project	to	claim	"the	first	truly	Open	Source	SD	implementation,	with	no	need	to	obtain	an	SDI	license	or	sign	NDAs	to	create	SD	drivers	or	applications."[190]	The	proprietary	nature	of	the	complete	SD	specification	affects	embedded
systems,	laptop	computers	and	some	desktop	computers;	many	desktop	computers	do	not	have	card	slots,	instead	using	USB-based	card	readers	if	necessary.[citation	needed]	These	card	readers	present	a	standard	USB	mass	storage	interface	to	memory	cards,	thus	separating	the	operating	system	from	the	details	of	the	underlying	SD	interface.
[citation	needed]	However,	embedded	systems	(such	as	portable	music	players)	usually	gain	direct	access	to	SD	cards	and	thus	need	complete	programming	information.[citation	needed]	Desktop	card	readers	are	themselves	embedded	systems;	their	manufacturers	have	usually	paid	the	SDA	for	complete	access	to	the	SD	specifications.[citation
needed]	Many	notebook	computers	now	include	SD	card	readers	not	based	on	USB;	device	drivers	for	these	essentially	gain	direct	access	to	the	SD	card,	as	do	embedded	systems.[citation	needed]	The	SPI-bus	interface	mode	is	the	only	type	that	does	not	require	a	host	license	for	accessing	SD	cards.[citation	needed]	Size	comparison	of	various	flash
cards:	SD,	CompactFlash,	MMC,	xD	A	malfunctioning	SD	card	can	be	repaired	using	specialized	equipment,	as	long	as	the	middle	part,	containing	the	flash	storage,	is	not	physically	damaged.	The	controller	can	in	this	way	be	circumvented.	This	might	be	harder	or	even	impossible	in	the	case	of	monolithic	card,	where	the	controller	resides	on	the
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Retrieved	from	"	2Video	or	display	resolutions	with	a	width	of	around	4,000	pixels	4K	resolution	refers	to	a	horizontal	display	resolution	of	approximately	4,000	pixels.[1]	Digital	television	and	digital	cinematography	commonly	use	several	different	4K	resolutions.	In	television	and	consumer	media,	3840 × 2160	(4K	UHD)	with	a	16:9	aspect	ratio	is	the
dominant	standard,	whereas	the	movie	projection	industry	uses	4096 × 2160	(DCI	4K).	The	4K	television	market	share	increased	as	prices	fell	dramatically	throughout	2013	and	2014.[2][3]	Comparison	of	common	broadcast	resolutions	Comparison	of	common	display	resolutions	The	term	"4K"	is	generic	and	refers	to	any	resolution	with	a	horizontal
pixel	count	of	approximately	4,000.[4]: 2 	Several	different	4K	resolutions	have	been	standardized	by	various	organizations.	The	terms	"4K"	and	"Ultra	HD"	are	used	more	widely	in	marketing	than	"2160p"	(cf.	"1080p").	While	typically	referring	to	motion	pictures,	some	digital	camera	vendors	have	used	the	term	"4K	photo"	for	still	photographs,	making
it	appear	like	an	especially	high	resolution	even	though	3840×2160	pixels	equal	approximately	8.3	megapixels,	which	is	not	considered	to	be	especially	high	for	still	photographs.[5]	Comparison	of	DCI	and	UHD	resolutions	In	2005,	Digital	Cinema	Initiatives	(DCI),	a	prominent	standards	organization	in	the	cinema	industry,	published	the	Digital
Cinema	System	Specification.	This	specification	establishes	standardized	2K	and	4K	container	formats	for	digital	cinema	production,	with	resolutions	of	2048 × 1080	and	4096 × 2160	respectively.[6]: §4.3.1 	The	resolution	of	the	video	content	inside	follows	the	SMPTE	428-1	standard,[6]: §3.2.1 	which	establishes	the	following	resolutions	for	a	4K
distribution:[7]: 6 	4096 × 2160	(full	frame,	256∶135	or	≈1.90∶1	aspect	ratio)	3996 × 2160	(flat	crop,	1.85∶1	aspect	ratio)	4096 × 1716	(CinemaScope	crop,	≈2.39∶1	aspect	ratio)	2K	distributions	can	have	a	frame	rate	of	either	24	or	48	FPS,	while	4K	distributions	must	have	a	frame	rate	of	24	FPS.[6]: §3.1.4.2 	Some	articles	claim	that	the	terms	"2K"	and
"4K"	were	coined	by	DCI	and	refer	exclusively	to	the	2K	and	4K	formats	defined	in	the	DCI	standard.[8]	However,	usage	of	these	terms	in	the	cinema	industry	predates	the	publication	of	the	DCI	standard,[9][10][11][12]	and	they	are	generally	understood	as	casual	terms	for	any	resolution	approximately	2000	or	4000	pixels	in	width,	rather	than	names
for	specific	resolutions.[4]: 2 [13]: 109 	In	2007,	the	Society	of	Motion	Picture	and	Television	Engineers	published	SMPTE	ST	2036-1,	which	defines	parameters	for	two	UHDTV	systems	called	UHDTV1	and	UHDTV2.[14][15]	The	standard	defines	the	following	characteristics	for	these	systems:	A	resolution	of	3840 × 2160	(UHDTV1)	or	7680 × 4320
(UHDTV2)[15]: §5.2 	Square	(1∶1)	pixels,	for	an	overall	image	aspect	ratio	of	16∶9[15]: §5.1 	A	framerate	of	23.976,	24,	25,	29.97,	30,	50,	59.94,	60,	100,	119.88,	or	120	Hz	with	progressive	scan[15]: §1.2 	RGB,	Y′CBCR	4:4:4,	4:2:2,	or	4:2:0	pixel	encoding[15]: §7.7 	10	bpc	(30	bit/px)	or	12	bpc	(36	bit/px)	color	depth[15]: §1.2 	Colorimetry	characteristics	as
defined	in	the	standard,	including	color	primaries,	quantization	parameters,	and	the	electro-optical	transfer	function.	These	are	the	same	characteristics	later	standardized	in	ITU-R	BT.2020.	UHDTV1	systems	are	permitted	to	use	BT.709	color	primaries	up	to	60	Hz.[15]: §6.2 	In	2012,	the	International	Telecommunication	Union,	Radiocommunication
Sector	published	Recommendation	ITU-R	BT.2020,	also	known	as	the	Ultra	High	Definition	Television	(UHDTV)	standard.[16]	It	adopts	the	same	image	parameters	defined	in	SMPTE	ST	2036–1.[17]	Although	the	UHDTV	standard	does	not	define	any	official	names	for	the	formats	it	defines,	ITU	typically	uses	the	terms	"4K",	"4K	UHD",	or	"4K	UHDTV"
to	refer	to	the	3840 × 2160	system	in	public	announcements	and	press	releases	("8K"	for	the	7680 × 4320	system).[18]	In	some	of	ITU's	other	standards	documents,	the	terms	"UHDTV1"	and	"UHDTV2"	are	used	as	shorthand.[19]	In	October	2012,	the	Consumer	Electronics	Association	(CEA)	announced	their	definition	of	the	term	Ultra	High-Definition
(or	Ultra	HD)	for	use	with	marketing	consumer	display	devices.[20]	CEA	defines	an	Ultra	HD	product	as	a	TV,	monitor,	or	projector	with	the	following	characteristics:[21]	A	resolution	of	3840 × 2160	or	larger	An	aspect	ratio	of	1.77∶1	(16∶9)	or	wider	Support	for	color	depth	of	8	bpc	(24	bit/px)	or	higher	At	least	one	HDMI	input	capable	of	supporting
3840 × 2160	at	24,	30,	and	60	Hz	progressive	scan	(though	not	necessarily	with	RGB	/	Y′CBCR	4:4:4	color),	and	HDCP	2.2	Capable	of	processing	images	according	to	the	color	space	defined	in	ITU-R	BT.709	Capable	of	upscaling	HD	content	(i.e.	720p	/	1080p)	The	CEA	definition	does	allow	manufacturers	to	use	other	terms—such	as	4K—alongside	the
Ultra	HD	logo.[4]: 9 	Since	the	resolution	in	CEA's	definition	is	only	a	minimum	requirement,	displays	with	higher	resolutions	such	as	4096 × 2160	or	5120 × 2880	also	qualify	as	"Ultra	HD"	displays,	provided	they	meet	the	other	requirements.	Some	4K	resolutions,	like	3840 × 2160,	are	often	casually	referred	to	as	2160p.[22][23][24]	This	name	follows
from	the	previous	naming	convention	used	by	HDTV	and	SDTV	formats,	which	refer	to	a	format	by	the	number	of	pixels/lines	along	the	vertical	axis	(such	as	"1080p"	for	1920 × 1080	progressive	scan,	or	"480i"	for	the	480-line	interlaced	SDTV	formats)	rather	than	the	horizontal	pixel	count	(≈4000	or	"4K"	for	3840 × 2160).	The	term	"2160p"	could	be
applied	to	any	format	with	a	height	of	2160	pixels,	but	it	is	most	commonly	used	in	reference	to	the	4K	UHDTV	resolution	of	3840 × 2160	due	to	its	association	with	the	well-known	720p	and	1080p	HDTV	formats.	Although	3840 × 2160	is	both	a	4K	resolution	and	a	2160p	resolution,	these	terms	cannot	always	be	used	interchangeably	since	not	all	4K
resolutions	are	2160	pixels	tall,	and	not	all	2160p	resolutions	are	≈4000	pixels	wide.	However,	some	companies	have	begun	using	the	term	"4K"	to	describe	devices	with	support	for	a	2160p	resolution,	even	if	it	is	not	close	to	4000	pixels	wide.	For	example,	many	"4K"	dash	cams	only	support	a	resolution	of	2880 × 2160	(4∶3);[25][26]	although	this	is	a
2160p	resolution,	it	is	not	a	4K	resolution.	Conversely,	Samsung	released	a	5120 × 2160	(64∶27)	TV,	but	marketed	it	as	a	"4K"	TV	despite	its	5K-class	resolution.[27][28]	In	2015,	LG	Display	announced	the	implementation	of	a	new	technology	called	M+	which	is	the	addition	of	white	subpixel	along	with	the	regular	RGB	dots	in	their	IPS	panel
technology.[29]	The	media	and	internet	users	later	called	this	"RGBW"	TVs	because	of	the	white	sub	pixel.	Most	of	the	new	M+	technology	was	employed	on	4K	TV	sets	which	led	to	a	controversy	after	tests	showed	that	the	addition	of	a	white	sub	pixel	replacing	the	traditional	RGB	structure	would	reduce	the	resolution	by	around	25%.	After	tests
done	by	Intertek	in	which	the	technical	aspects	of	LG	M+	TVs	were	analyzed	and	they	concluded	that	"the	addressable	resolution	display	is	2,880	X	2,160	for	each	red,	green,	blue",	in	other	words,	the	LG	TVs	were	technically	2.8K	as	it	became	known	in	the	controversy.[30][31]	Although	LG	Display	has	developed	this	technology	for	use	in	notebook
display,	outdoor	and	smartphones,	it	is	more	popular	in	the	TV	market	due	to	the	supposed	4K	UHD	marketed	resolution	but	still	being	incapable	of	achieving	true	4K	UHD	resolution	as	defined	by	the	CTA	as	3840x2160	active	pixels	with	8-bit	per	color.	This	negatively	impacts	the	rendering	of	text,	making	it	a	bit	fuzzier,	which	is	especially
noticeable	when	a	TV	is	used	as	a	PC	monitor.[32][33][34][35][36]	In	2019,	Sony	was	granted	the	CinemaWide	trademark	by	the	European	Union	Intellectual	Property	Office	(EUIPO),	in	which	the	trademark	covers	'Class	9'	electronic	devices,	including	smartphones.[37]	According	to	Sony	and	SID,[38]	the	standard	defines	a	CinemaWide	4K	product
with	the	following	characteristics:	A	resolution	of	3840 × 1644	or	larger	An	aspect	ratio	of	21∶9	Capable	of	playing	back	4K	resolution	video	(2160p)	in	an	aspect	ratio	of	21∶9	Capable	of	upscaling	non-4K	content	(i.e.	720p	/	1080p)[39]	Sony	Xperia	smartphones	are	the	most	widely	known	products	that	equipped	with	CinemaWide	4K	display,	such	as
Xperia	1,	Xperia	1	II,	Xperia	1	III,	Xperia	1	IV	and	Xperia	1	V.	Video	sharing	website	YouTube	and	the	television	industry	have	adopted	3840 × 2160	as	their	4K	standard.[40][41]	As	of	2014[update],	4K	content	from	major	broadcasters	remained	limited.[42]	By	late	2014,	4K	content	was	becoming	more	widely	available	online,	including	on	Apple	TV,
YouTube,	Netflix,	Hulu,	and	Amazon	Prime	Video.[43][44]	By	2013,	some	UHDTV	models	were	available	to	general	consumers	in	the	range	of	US$600.[45][46]	As	of	2015[update],	prices	on	smaller	computer	and	television	panels	had	dropped	below	US$400.[47]	On	March	26,	2013,	the	Advanced	Television	Systems	Committee	announced	new
proposals	of	a	new	standard	called	ATSC	3.0	which	would	implement	UHD	broadcasts	at	resolutions	of	up	to	3840 × 2160	or	7680 × 4320.[48][49][50][51]	The	standard	would	also	include	framerates	of	up	to	120	Hz,	HEVC	encoding,	wide	color	gamut,	as	well	as	high	dynamic	range.[52][53][54]	In	2014,	the	Digital	Video	Broadcasting	Project	released
a	new	set	of	standards	intended	to	guide	the	implementation	of	high	resolution	content	in	broadcast	television.	Dubbed	DVB-UHDTV,	it	establishes	two	standards,	known	as	UHD-1	(for	4K	content)	and	UHD-2	(for	8K	content).	These	standards	use	resolutions	of	3840 × 2160	and	7680 × 4320	respectively,	with	framerates	of	up	to	60	Hz,	color	depth	up
to	10	bpc	(30	bit/px),	and	HEVC	encoding	for	transmission.[55]	DVB	is	currently	focusing	on	the	implementation	of	the	UHD-1	standard.[56]	DVB	finalized	UHD-1	Phase	2	in	2016,	with	the	introduction	of	service	by	broadcasters	expected	in	2017.	UHD-1	Phase	2	adds	features	such	as	high	dynamic	range	(using	HLG	and	PQ	at	10	or	12	bits),	wide
color	gamut	(BT.	2020/2100	colorimetry),	and	high	frame	rate	(up	to	120	Hz).[57][56]	As	of	February	2025,	both	YouTube	and	Vimeo	support	high-resolution	video	uploads,	with	maximum	resolutions	of	4096	×	2304	pixels	(approximately	9.4	megapixels)	and	4096	×	2160	pixels	(approximately	8.8	megapixels),	respectively.[58]	The	growing	availability
of	4K	content	across	streaming	platforms	like	Netflix,	Amazon	Prime	Video,	and	YouTube	has	made	it	more	accessible	to	consumers.	Vimeo's	4K	content	is	currently	limited	to	mostly	nature	documentaries	and	tech	coverage.[59][60]	High	Efficiency	Video	Coding	(HEVC	or	H.265)	facilitates	streaming	of	4K	content	at	bitrates	between	20	to	30	Mbit/s,
offering	efficient	compression	without	significant	quality	loss.[61]	In	January	2014,	Naughty	America	launched	the	first	adult	video	service	streaming	in	4K.[62][63]	In	February	2025,	Super	Bowl	LIX	was	broadcast	in	4K	resolution	with	Dolby	Vision	HDR	and	Dolby	Atmos	sound	for	the	first	time.	Fox	aired	the	game,	and	it	was	also	available	for	free
streaming	in	4K	on	Tubi,	marking	a	significant	milestone	in	sports	broadcasting.[64][65]	See	also:	Category:	Mobile	phones	with	4K	video	recording	The	first	mobile	phones	to	be	able	to	record	at	2160p	(3840 × 2160)	were	released	in	late	2013,	including	the	Samsung	Galaxy	Note	3,	which	is	able	to	record	2160p	at	30	frames	per	second.	In	the	year
2014,	the	OnePlus	One	was	released	with	the	option	to	record	DCI	4K	(4096 × 2160)	at	24	frames	per	second,	as	well	as	LG	G3	and	Samsung	Galaxy	Note	4	with	optical	image	stabilization.	In	the	year	2015,	Apple	announced	the	iPhone	6s	was	released	with	the	12	megapixel	camera	that	has	the	option	to	record	4K	at	25	or	30	frames	per	second.	In
the	years	2017	and	2018,	mobile	phone	chipsets	reached	sufficient	processing	power	that	mobile	phone	vendors	started	releasing	mobile	phones	that	allow	recording	2160p	footage	at	60	frames	per	second	for	a	smoother	and	more	realistic	appearance.[66]	iMac	with	Retina	Display	(2014)	is	one	of	the	earliest	computers	that	utilise	4K	widescreen.
[67]	Samsung	UN105S9	105-inch	(2,700	mm)	ultra-high-definition	4K	television	In	1984,	Hitachi	released	the	ARTC	HD63484	graphics	processor,	which	was	capable	of	displaying	up	to	4K	resolution	when	in	monochrome	mode.[68]	The	resolution	was	targeted	at	the	bit-mapped	desktop	publishing	market.[68]	The	first	commercially	available	4K
camera	for	cinematographic	purposes	was	the	Dalsa	Origin,	released	in	2003.[69][70]	4K	technology	was	developed	by	several	research	groups	in	universities	around	the	world,	such	as	University	of	California,	San	Diego,	CALIT2,	Keio	University,	Naval	Postgraduate	School	and	others	that	realized[71]	several	demonstrations	in	venues	such	as	IGrid
in	2004	and	CineGrid.	YouTube	began	supporting	4K	for	video	uploads	in	2010	as	a	result	of	leading	manufacturers	producing	4K	cameras.[72]	Users	could	view	4K	video	by	selecting	"Original"	from	the	quality	settings	until	December	2013,	when	the	2160p	option	appeared	in	the	quality	menu.[73]	In	November	2013,	YouTube	began	to	use	the	VP9
video	compression	standard,	saying	that	it	was	more	suitable	for	4K	than	High	Efficiency	Video	Coding	(HEVC).	Google,	which	owns	YouTube,	developed	VP9.[72]	Theaters	began	projecting	movies	at	4K	resolution	in	2011.[74]	Sony	was	offering	4K	projectors	as	early	as	2004.[75]	The	first	4K	home	theater	projector	was	released	by	Sony	in	2012.[76]
Despite	this,	there's	not	many	finished	films	with	4K	resolution	as	of	2023.	Even	for	movies	and	TV	shows	shot	using	6K	or	8K	cameras,	almost	all	finished	films	are	edited	in	HD	resolution	and	enlarged	to	fit	a	4K	format.[77]	Sony	is	one	of	the	leading	studios	promoting	UHDTV	content,	as	of	2013[update]	offering	a	little	over	70	movie	and	television
titles	via	digital	download	to	a	specialized	player	that	stores	and	decodes	the	video.	The	large	files	(≈40	GB),	distributed	through	consumer	broadband	connections,	raise	concerns	about	data	caps.[78]	In	2014,	Netflix	began	streaming	House	of	Cards,	Breaking	Bad,[79]	and	"some	nature	documentaries"	at	4K	to	compatible	televisions	with	an	HEVC
decoder.	Most	4K	televisions	sold	in	2013	did	not	natively	support	HEVC,	with	most	major	manufacturers	announcing	support	in	2014.[80]	Amazon	Studios	began	shooting	their	full-length	original	series	and	new	pilots	with	4K	resolution	in	2014.[81]	They	are	now	currently	available	through	Amazon	Video.[82]	In	March	2016	the	first	players	and
discs	for	Ultra	HD	Blu-ray—a	physical	optical	disc	format	supporting	4K	resolution	and	high-dynamic-range	video	(HDR)	at	60	frames	per	second—were	released.[83]	On	August	2,	2016,	Microsoft	released	the	Xbox	One	S,	which	supports	4K	streaming	and	has	an	Ultra	HD	Blu-ray	disc	drive,	but	does	not	support	4K	gaming.[84]	On	November	10,
2016,	Sony	released	the	PlayStation	4	Pro,	which	supports	4K	streaming	and	gaming,[85]	though	many	games	use	checkerboard	rendering	or	are	upscaled	4K.[86]	On	November	7,	2017,	Microsoft	released	the	Xbox	One	X,	which	supports	4K	streaming	and	gaming,[87]	though	not	all	games	are	rendered	at	native	4K.[88]	This	section	may	need	to	be
rewritten	to	comply	with	Wikipedia's	quality	standards.	You	can	help.	The	talk	page	may	contain	suggestions.	(July	2024)	Though	the	price	of	home	cinema	viewing	devices	began	to	drop	rapidly	from	2013,	the	digital	video	projector	market	saw	limited	expansion	as	very	few	manufacturers	had	fully	4K-capable	lineups.	Native	4K	projectors	remained
priced	in	the	five-figure	range	well	into	2015,	only	falling	below	US$10,000	later	that	year.	Sony	was	the	sole	major	manufacturer	offering	a	comprehensive	4K	projection	solution	as	of	2015.[89]	Critics	argue	that,	at	typical	direct-view	panel	sizes	and	viewing	distances,	the	extra	pixels	of	4K	are	unnecessary	for	normal	human	vision.[citation	needed]
In	contrast,	home	cinema	projectors	use	larger	screens	without	necessarily	increasing	the	viewing	distance	to	match	the	scale.	One	technique	to	provide	a	more	affordable	4K	experience	in	home	cinema	projectors	is	"e-shift."	Developed	by	some	manufacturers,	e-shift	extrapolates	additional	pixels	from	1080p	sources	to	either	upscale	to	4K	or	display
4K	from	native	4K	sources	at	a	much	lower	price	point	than	native	4K	projectors.	This	technology	reached	its	fourth	generation	in	2016.[90][91][92][93]	JVC	applied	this	technology	to	create	an	8K	flight	simulation	system	for	Boeing,	meeting	the	visual	acuity	limits	of	20/25.[94]	The	first	pixel-shifted	4K	UHD	projectors	adopted	by	the	market	are
Optoma,	BenQ,	Dell,	et	al.,	for	those	adopt	a	2718×1528	pixel	structure.	The	amount	of	data	these	projectors	process	is	true	4K,	but	they	overlap	the	pixels,	which	is	what	pixel	shifting	is.	In	fact,	each	of	those	pixels	is	far	larger.	In	fact,	each	one	has	50%	more	area	than	true	4K.	Pixel	shifting	projectors.	This	way,	they	project	a	pixel	and	shift	it	up	to
the	right	by	a	half	diameter	and	project	it	again	with	modified	data—the	second	pixel	overlaid	on	the	first.	This	would	result	in	adjacent	red	and	green	pixels	effectively	forming	yellow,	with	a	fringe	on	one	side	of	red,	on	the	other	of	green—except	that	the	fringe	takes	on	another	color	as	the	next	line	of	pixels	overlaps	too.	4K	UHD	or	1080p	pixel
shifting	cannot	reveal	the	fine	detail	of	a	true	4K	projector	such	as	those	Sony	ships	in	the	business,	education,	and	home	markets.	JVC	has	one	true	4K	at	$35,000	(in	mid-2017)	and	another	for	$120,000.[citation	needed]	While	projecting	UHD,	it	might	look	as	though	the	pixel	structures	would	have	1/4	the	area	of	1080p;	it	just	doesn't	happen	with
pixel	shifting.	That	much	resolution	is	only	carried	by	a	true	4K	projector.	This	is	why	"true"	4K	costs	so	much	more	than	4K	UHD	projectors	that	have	more	or	less	similar	feature	sets.	They	produce	smaller	pixels,	finer	resolution—no	loss	of	detail	or	color	from	the	overlapping	pixels.	This	is	in	stark	contrast	to	the	small	variation	in	the	aspect	ratio
difference,	which	would	be	capable	of	being	noticeable	in	a	few	companies,	such	as	Kaleidescape,	offering	media	servers	that	enable	4K	UHD	Blu-ray	movies	with	a	wide	dynamic	range	in	a	home	theater.[95]	In	November	2014,	American	satellite	provider	DirecTV	(owned	by	AT&T)	became	the	first	pay-TV	provider	to	offer	access	to	4K	content,
although	limited	to	selected	video-on-demand	films.[96]	In	August	2015,	British	sports	network	BT	Sport	launched	a	4K	feed,	with	its	first	broadcast	being	the	2015	FA	Community	Shield	football	match.	Two	production	units	were	used,	producing	the	traditional	broadcast	in	high-definition,	and	a	separate	4K	broadcast.	As	the	network	did	not	want	to
mix	4K	footage	with	upconverted	HD	footage,	this	telecast	did	not	feature	traditional	studio	segments	at	pre-game	or	half-time,	but	those	hosted	from	the	stadium	by	the	match	commentators	using	a	4K	camera.	BT	envisioned	that	if	viewers	wanted	to	watch	studio	analysis,	they	would	switch	to	the	HD	broadcast	and	then	back	for	the	game.	Footage
was	compressed	using	H.264	encoders	and	transmitted	to	BT	Tower,	where	it	was	then	transmitted	back	to	BT	Sport	studios	and	decompressed	for	distribution,	via	4K-compatible	BT	TV	set-top	boxes	on	an	eligible	BT	Infinity	internet	plan	with	at	least	a	25	Mbit/s	connection.[97][98]	In	late	2015	and	January	2016,	three	of	Canada's	television
providers	–	including	Quebec-based	Vidéotron,	Ontario-based	Rogers	Cable,	and	Bell	Fibe	TV,	announced	that	they	would	begin	to	offer	4K	compatible	set-top	boxes	that	can	stream	4K	content	to	subscribers	over	gigabit	internet	service.[99][100]	On	October	5,	2015,	alongside	the	announcement	of	its	4K	set-top	box	and	gigabit	internet,	Canadian
media	conglomerate	Rogers	Communications	announced	that	it	planned	to	produce	101	sports	telecasts	in	4K	in	2016	via	its	Sportsnet	division,	including	all	Toronto	Blue	Jays	home	games,	and	"marquee"	National	Hockey	League	games	beginning	in	January	2016.	Bell	Media	announced	via	its	TSN	division	a	slate	of	4K	telecasts	to	begin	on	January
20,	2016,	including	selected	Toronto	Raptors	games	and	regional	NHL	games.[101][102][103]	On	January	14,	2016,	in	cooperation	with	BT	Sport,	Sportsnet	broadcast	the	first	ever	NBA	game	produced	in	4K	–	a	Toronto	Raptors/Orlando	Magic	game	at	O2	Arena	in	London,	England.	On	January	20,	also	during	a	Raptors	game,	TSN	presented	the	first
live	4K	telecast	produced	in	North	America.[99][101][104]	Three	days	later,	Sportsnet	presented	the	first	NHL	game	in	4K.[105]	Dome	Productions,	a	joint	venture	of	Bell	Media	and	Rogers	Media	(the	respective	owners	of	TSN	and	Sportsnet),	constructed	a	"side-by-side"	4K	mobile	production	unit	shared	by	Sportsnet	and	TSN's	first	4K	telecasts;	it
was	designed	to	operate	alongside	a	separate	HD	truck	and	utilize	cameras	capable	of	output	in	both	formats.[106]	For	the	opening	game	of	the	2016	Toronto	Blue	Jays	season,	Dome	constructed	"Trillium"	–	a	production	truck	integrating	both	4K	and	1080i	high-definition	units.[107]	Bell	Media's	CTV	also	broadcast	the	2016	Juno	Awards	in	4K	as	the
first	awards	show	presented	in	the	format.[108]	In	February	2016,	Spanish-language	Univision	trialed	4K	by	producing	a	closed-circuit	TV	broadcast	of	a	football	friendly	between	the	national	teams	of	Mexico	and	Senegal	from	Miami	(America)	in	the	format.	The	broadcast	was	streamed	privately	to	several	special	viewing	locations.	Univision	aimed
to	develop	a	4K	streaming	app	to	publicly	televise	the	final	of	Copa	América	Centenario	in	4K.[109][110][111]	In	March	2016,	DirecTV	and	CBS	Sports	announced	that	they	would	produce	the	"Amen	Corner"	supplemental	coverage	from	the	Masters	golf	tournament	in	4K.[112][113]	In	late	2016,	Telus	TV	announced	that	they	would	begin	to	offer	4K
compatible	set-top	boxes.[114]	After	having	trialed	the	technology	in	limited	matches	at	the	2013	FIFA	Confederations	Cup,[115]	and	the	2014	FIFA	World	Cup	(via	private	tests	and	public	viewings	in	the	host	city	of	Rio	de	Janeiro),[116]	the	2018	FIFA	World	Cup	was	the	first	FIFA	World	Cup	in	which	all	matches	were	produced	in	4K.	Host
Broadcasting	Services	stated	that	at	least	75%	of	the	broadcast	cut	on	each	match	would	come	from	4K	cameras	(covering	the	majority	of	main	angles),	with	instant	replays	and	some	camera	angles	being	upconverted	from	1080p	sources.	These	broadcasts	were	made	available	from	selected	rightsholders,	such	as	the	BBC	in	the	UK,	and	selected
television	providers	in	the	United	States.[117][118][119]	Technical	limitations	in	distributing	4K	broadcasts	(including	the	increased	cost	of	4K-compatible	production	equipment)[120]	have	led	to	some	broadcasters	deciding	against	the	format	in	favour	of	emphasizing	1080p/HDR	broadcasts	instead.	After	having	broadcast	UEFA	Euro	and	the
Champions	League	final	in	the	format,	UEFA	discontinued	4K	coverage	for	both	in	2024,	as	broadcasters	elected	to	put	resources	behind	HDR	and	other	on-air	features	instead.[121]	Some	U.S.	broadcasters,	such	as	CBS	Sports,[122][123]	Fox	Sports,[124]	and	USA	Network[125]	have	broadcast	events	promoted	as	having	"4K"	feeds,	but	are	actually
1080p/HDR	broadcasts	upconverted	to	4K.	For	the	2024	Summer	Olympics,	USA	Network's	"4K"	coverage	was	sourced	from	host	broadcaster	Olympic	Broadcasting	Services	(OBS)	in	4K,	but	downconverted	to	1080p	when	received	by	NBC	Sports'	studios,	and	then	upconverted	to	4K	for	distribution.[125]	Examples	of	some	4K	resolutions	used	in
displays	and	media	Format	Resolution	Aspect	ratio	Pixels	-	4096 × 3072	1.33	4∶3	12,582,912	-	4096 × 2560	1.6	16∶10	10,485,760	-	4096 × 2304	1.77	16∶9	9,437,184	DCI	4K	(full	frame)	4096 × 2160	≈1.90	256∶135	8,847,360	DCI	4K	(CinemaScope	cropped)	4096 × 1716	≈2.39	1024∶429	7,020,544	DCI	4K	(flat	cropped)	3996 × 2160	1.85	37∶20	8,631,360
WQUXGA	3840 × 2400	1.6	16∶10	9,216,000	4K	UHD	3840 × 2160	1.77	16∶9	8,294,400	-	3840 × 1920	2.0	2∶1	7,372,800	-	3840 × 1620	2.370	64∶27	6,220,800	-	3840 × 1600	2.4	12∶5	6,144,000	DFHD	3840 × 1080	3.55	32∶9	4,147,200	The	resolution	of	3840 × 2160	is	the	dominant	4K	resolution	in	the	consumer	media	and	display	industries.	This	is	the
resolution	of	the	UHDTV1	format	defined	in	SMPTE	ST	2036–1,[15]	as	well	as	the	4K	UHDTV	format	defined	by	ITU-R	in	Rec.	2020,[16]	and	is	also	the	minimum	resolution	for	CEA's	definition	of	Ultra	HD	displays	and	projectors.[21]	The	resolution	of	3840 × 2160	was	also	chosen	by	the	DVB	project	for	their	4K	broadcasting	standard,	UHD-1.[56]	This
resolution	has	an	aspect	ratio	of	16∶9,	with	8,294,400	total	pixels.	It	is	exactly	double	the	horizontal	and	vertical	resolution	of	1080p	(1920 × 1080)	for	a	total	of	4	times	as	many	pixels,	and	triple	the	horizontal	and	vertical	resolution	of	720p	(1280 × 720)	for	a	total	of	9	times	as	many	pixels.	It	is	sometimes	referred	to	as	"2160p",	based	on	the	naming
patterns	established	by	the	previous	720p	and	1080p	HDTV	standards.	In	2013,	televisions	capable	of	displaying	UHD	resolutions	were	seen	by	consumer	electronics	companies	as	the	next	trigger	for	an	upgrade	cycle	after	a	lack	of	consumer	interest	in	3D	television.[126]	This	resolution	is	used	mainly	in	digital	cinema	production,	and	has	a	total	of
8,847,360	pixels	with	an	aspect	ratio	of	256∶135	(≈19∶10).	It	was	standardized	as	the	resolution	of	the	4K	container	format	defined	by	Digital	Cinema	Initiatives	in	the	Digital	Cinema	System	specification,	and	is	the	native	resolution	of	all	DCI-compliant	4K	digital	projectors	and	monitors.[6]	The	DCI	specification	allows	several	different	resolutions	for
the	content	inside	the	container,	depending	on	the	desired	aspect	ratio.	The	allowed	resolutions	are	defined	in	SMPTE	428-1:[6]: §3.2.1 [7]: p.	6 	4096 × 2160	(full	frame,	256∶135	or	≈1.90∶1	aspect	ratio)	3996 × 2160	(flat	crop,	1.85∶1	aspect	ratio)	4096 × 1716	(CinemaScope	crop,	≈2.39∶1	aspect	ratio)	The	DCI	4K	standard	has	twice	the	horizontal	and
vertical	resolution	of	DCI	2K	(2048 × 1080),	with	four	times	as	many	pixels	overall.	Digital	movies	made	in	4K	may	be	produced,	scanned,	or	stored	in	a	number	of	other	resolutions	depending	on	what	storage	aspect	ratio	is	used.[127][128]	In	the	digital	cinema	production	chain,	a	resolution	of	4096	×	3112	is	often	used	for	acquiring	"open	gate"	or
anamorphic	input	material,	a	resolution	based	on	the	historical	resolution	of	scanned	Super	35	mm	film.[129]	Various	other	non-standardized	4K	resolutions	have	been	used	in	displays,	including:	4096 × 2560	(1.60:1	or	16:10);	this	resolution	was	used	in	the	Canon	DP-V3010,	a	30-inch	(76	cm)	4K	reference	monitor	designed	for	reviewing	cinema
footage	in	post-production,	released	in	2013.[130]	4096 × 2304	(1.77:1	or	16:9);	this	resolution	was	used	in	the	21.5-inch	(55	cm)	LG	UltraFine	22MD4KA	4K	monitor,	jointly	announced	by	LG	and	Apple	in	2016[131]	and	used	in	the	21.5"	4K	Retina	iMac	computer.	3840 × 2400	(1.60:1	or	16:10);	this	resolution	was	used	in	the	22.2-inch	(56	cm)	IBM
T220	and	T221	monitors,	released	in	2001	and	2002	respectively.	This	resolution	is	also	referred	to	as	"WQUXGA",	and	is	four	times	the	resolution	of	WUXGA	(1920 × 1200).[132]	More	recently,	this	resolution	has	returned	in	the	Dell	XPS	Laptop	series,	under	the	name	"UHD+".[133]	3840 × 1920	(2:1	or	16:8);	this	resolution	is	largely	used	by	360°
videos[134]	as	they	largely	use	a	2:1	aspect	ratio.	The	reason	is	to	represent	a	360°	on	the	horizontal	axis	and	a	180°	on	the	vertical.	3840 × 1600	(2.40:1	or	12:5);	a	number	of	computer	monitors	with	this	resolution	have	been	produced,	the	first	being	the	37.5-inch	(95	cm)	LG	38UC99-W	released	in	2016.	This	resolution	is	equivalent	to	WQXGA
(2560 × 1600)	extended	in	width	by	50%,	or	3840 × 2160	reduced	in	height	by	≈26%.[135]	LG	refers	to	this	resolution	as	"WQHD+"	(Wide	Quad	HD+),[136]	while	Acer	uses	the	term	"UW-QHD+"	(Ultra-wide	Quad	HD+)[137]	and	some	media	outlets	have	used	the	term	"UW4K"	(Ultra-wide	4K).[138][139]	3840 × 1080	(3.55:1	or	32:9);	this	resolution
was	first	used	in	the	Samsung	C49HG70,	a	49-inch	(120	cm)	curved	gaming	monitor	released	in	2017.	This	resolution	is	equivalent	to	dual	1080p	displays	(1920 × 1080)	side-by-side,	but	with	no	border	interrupting	the	image.	It	is	also	exactly	one	half	of	a	4K	UHD	(3840 × 2160)	display.	Samsung	refers	to	this	resolution	as	"DFHD"	(Dual	Full	HD).
[140]	Sony	Handycam	FDR-AX1	See	also:	List	of	4K	video	recording	devices	The	main	advantage	of	recording	video	at	the	4K	standard	is	that	fine	spatial	detail	is	resolved	well.[141]	Individual	still	frames	extracted	from	3840×2160-pixel	video	footage	can	act	as	8.3	megapixel	still	photographs,	while	only	2.1	megapixels	at	1080p	and	0.9	megapixels
at	720p.	If	the	final	video	resolution	is	reduced	to	2K	from	a	4K	recording,	more	detail	is	apparent	than	would	have	been	achieved	from	a	native	2K	recording.[141]	Increased	fineness	and	contrast	is	then	possible	with	output	to	DVD	and	Blu-ray.[142]	Some	cinematographers	record	at	4K	with	the	Super	35	film	format	to	offset	any	resolution	loss	that
may	occur	during	video	processing.[143]	In	full	size,	this	image	shows	the	difference	between	four	subsampling	schemes.	The	color	images	appear	similar.	The	lower	row	shows	the	resolution	of	the	color	information.	Many	consumer	electronics	such	as	mobile	phones	store	video	footage	in	Y′CBCR	format	with	4:2:0	chroma	subsampling,	which
records	color	information	at	only	one	quarter	the	resolution	as	the	brightness	information.[144]	For	3840 × 2160	video,	this	means	that	the	color	information	is	only	stored	at	1920 × 1080.[145]	Consumer	cameras	and	mobile	phones	record	2160p	footage	at	much	higher	bit	rates	(usually	50	to	100	Mbit/s)	than	1080p	(usually	10	to	30	Mbit/s).	This
higher	bit	rate	reduces	the	visibility	of	compression	artifacts,	even	if	viewed	on	monitors	with	a	lower	resolution	than	2160p.	Film	portalTelevision	portal	1080p	Full	HD	–	digital	video	format	with	a	resolution	of	1920 × 1080,	with	vertical	resolution	of	1080	lines	1440p	(WQHD)	–	vertical	resolution	of	1440	lines	List	of	4K	video	recording	devices	2K
resolution	–	digital	video	formats	with	a	horizontal	resolution	of	around	2,000	pixels	5K	resolution	–	digital	video	formats	with	a	horizontal	resolution	of	around	5,000	pixels,	aimed	at	non-television	computer	monitor	usage	8K	resolution	–	digital	video	formats	with	a	horizontal	resolution	of	around	8,000	pixels	10K	resolution	–	digital	video	formats	with
a	horizontal	resolution	of	around	10,000	pixels	16K	resolution	–	experimental	VR	format	32K	resolution	Aspect	ratio	(image)	–	proportional	relationship	between	an	image's	width	and	height	Digital	cinema	Display	resolution	standards	High	Efficiency	Video	Coding	(HEVC)	–	video	standard	that	supports	4K	&	8K	UHDTV	and	resolutions	up	to	8192 × 
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the	original	on	2013-03-23,	retrieved	2013-01-29	"Visual	comparison	of	the	different	4K	resolutions",	4k	TV,	archived	from	the	original	on	2014-08-10,	retrieved	2014-08-08	"Why	Ultra	HD	4K	TVs	are	still	stupid",	CNet,	2015	follow-up	article:	"Why	4K	TVs	aren't	stupid	(anymore)",	CNet	Super	Hi-Vision,	JP:	NHK,	archived	from	the	original	on	2010-10-
06,	retrieved	2013-01-29.	Science	&	Technical	Research	Laboratories,	JP:	NHK.	Super	Hi-Vision	research	(annual	report),	JP:	NHK	STRL,	2009,	archived	from	the	original	on	2012-10-18,	retrieved	2013-01-29.	"4K	resolution	video	test	sequences	for	Research",	Ultra	video,	FI:	TUT.	Retrieved	from	"	3Video	or	display	resolutions	with	a	width	of	around
4,000	pixels	4K	resolution	refers	to	a	horizontal	display	resolution	of	approximately	4,000	pixels.[1]	Digital	television	and	digital	cinematography	commonly	use	several	different	4K	resolutions.	In	television	and	consumer	media,	3840 × 2160	(4K	UHD)	with	a	16:9	aspect	ratio	is	the	dominant	standard,	whereas	the	movie	projection	industry	uses	4096 
× 2160	(DCI	4K).	The	4K	television	market	share	increased	as	prices	fell	dramatically	throughout	2013	and	2014.[2][3]	Comparison	of	common	broadcast	resolutions	Comparison	of	common	display	resolutions	The	term	"4K"	is	generic	and	refers	to	any	resolution	with	a	horizontal	pixel	count	of	approximately	4,000.[4]: 2 	Several	different	4K
resolutions	have	been	standardized	by	various	organizations.	The	terms	"4K"	and	"Ultra	HD"	are	used	more	widely	in	marketing	than	"2160p"	(cf.	"1080p").	While	typically	referring	to	motion	pictures,	some	digital	camera	vendors	have	used	the	term	"4K	photo"	for	still	photographs,	making	it	appear	like	an	especially	high	resolution	even	though
3840×2160	pixels	equal	approximately	8.3	megapixels,	which	is	not	considered	to	be	especially	high	for	still	photographs.[5]	Comparison	of	DCI	and	UHD	resolutions	In	2005,	Digital	Cinema	Initiatives	(DCI),	a	prominent	standards	organization	in	the	cinema	industry,	published	the	Digital	Cinema	System	Specification.	This	specification	establishes
standardized	2K	and	4K	container	formats	for	digital	cinema	production,	with	resolutions	of	2048 × 1080	and	4096 × 2160	respectively.[6]: §4.3.1 	The	resolution	of	the	video	content	inside	follows	the	SMPTE	428-1	standard,[6]: §3.2.1 	which	establishes	the	following	resolutions	for	a	4K	distribution:[7]: 6 	4096 × 2160	(full	frame,	256∶135	or	≈1.90∶1
aspect	ratio)	3996 × 2160	(flat	crop,	1.85∶1	aspect	ratio)	4096 × 1716	(CinemaScope	crop,	≈2.39∶1	aspect	ratio)	2K	distributions	can	have	a	frame	rate	of	either	24	or	48	FPS,	while	4K	distributions	must	have	a	frame	rate	of	24	FPS.[6]: §3.1.4.2 	Some	articles	claim	that	the	terms	"2K"	and	"4K"	were	coined	by	DCI	and	refer	exclusively	to	the	2K	and	4K
formats	defined	in	the	DCI	standard.[8]	However,	usage	of	these	terms	in	the	cinema	industry	predates	the	publication	of	the	DCI	standard,[9][10][11][12]	and	they	are	generally	understood	as	casual	terms	for	any	resolution	approximately	2000	or	4000	pixels	in	width,	rather	than	names	for	specific	resolutions.[4]: 2 [13]: 109 	In	2007,	the	Society	of
Motion	Picture	and	Television	Engineers	published	SMPTE	ST	2036-1,	which	defines	parameters	for	two	UHDTV	systems	called	UHDTV1	and	UHDTV2.[14][15]	The	standard	defines	the	following	characteristics	for	these	systems:	A	resolution	of	3840 × 2160	(UHDTV1)	or	7680 × 4320	(UHDTV2)[15]: §5.2 	Square	(1∶1)	pixels,	for	an	overall	image
aspect	ratio	of	16∶9[15]: §5.1 	A	framerate	of	23.976,	24,	25,	29.97,	30,	50,	59.94,	60,	100,	119.88,	or	120	Hz	with	progressive	scan[15]: §1.2 	RGB,	Y′CBCR	4:4:4,	4:2:2,	or	4:2:0	pixel	encoding[15]: §7.7 	10	bpc	(30	bit/px)	or	12	bpc	(36	bit/px)	color	depth[15]: §1.2 	Colorimetry	characteristics	as	defined	in	the	standard,	including	color	primaries,
quantization	parameters,	and	the	electro-optical	transfer	function.	These	are	the	same	characteristics	later	standardized	in	ITU-R	BT.2020.	UHDTV1	systems	are	permitted	to	use	BT.709	color	primaries	up	to	60	Hz.[15]: §6.2 	In	2012,	the	International	Telecommunication	Union,	Radiocommunication	Sector	published	Recommendation	ITU-R	BT.2020,
also	known	as	the	Ultra	High	Definition	Television	(UHDTV)	standard.[16]	It	adopts	the	same	image	parameters	defined	in	SMPTE	ST	2036–1.[17]	Although	the	UHDTV	standard	does	not	define	any	official	names	for	the	formats	it	defines,	ITU	typically	uses	the	terms	"4K",	"4K	UHD",	or	"4K	UHDTV"	to	refer	to	the	3840 × 2160	system	in	public
announcements	and	press	releases	("8K"	for	the	7680 × 4320	system).[18]	In	some	of	ITU's	other	standards	documents,	the	terms	"UHDTV1"	and	"UHDTV2"	are	used	as	shorthand.[19]	In	October	2012,	the	Consumer	Electronics	Association	(CEA)	announced	their	definition	of	the	term	Ultra	High-Definition	(or	Ultra	HD)	for	use	with	marketing
consumer	display	devices.[20]	CEA	defines	an	Ultra	HD	product	as	a	TV,	monitor,	or	projector	with	the	following	characteristics:[21]	A	resolution	of	3840 × 2160	or	larger	An	aspect	ratio	of	1.77∶1	(16∶9)	or	wider	Support	for	color	depth	of	8	bpc	(24	bit/px)	or	higher	At	least	one	HDMI	input	capable	of	supporting	3840 × 2160	at	24,	30,	and	60	Hz
progressive	scan	(though	not	necessarily	with	RGB	/	Y′CBCR	4:4:4	color),	and	HDCP	2.2	Capable	of	processing	images	according	to	the	color	space	defined	in	ITU-R	BT.709	Capable	of	upscaling	HD	content	(i.e.	720p	/	1080p)	The	CEA	definition	does	allow	manufacturers	to	use	other	terms—such	as	4K—alongside	the	Ultra	HD	logo.[4]: 9 	Since	the
resolution	in	CEA's	definition	is	only	a	minimum	requirement,	displays	with	higher	resolutions	such	as	4096 × 2160	or	5120 × 2880	also	qualify	as	"Ultra	HD"	displays,	provided	they	meet	the	other	requirements.	Some	4K	resolutions,	like	3840 × 2160,	are	often	casually	referred	to	as	2160p.[22][23][24]	This	name	follows	from	the	previous	naming
convention	used	by	HDTV	and	SDTV	formats,	which	refer	to	a	format	by	the	number	of	pixels/lines	along	the	vertical	axis	(such	as	"1080p"	for	1920 × 1080	progressive	scan,	or	"480i"	for	the	480-line	interlaced	SDTV	formats)	rather	than	the	horizontal	pixel	count	(≈4000	or	"4K"	for	3840 × 2160).	The	term	"2160p"	could	be	applied	to	any	format	with
a	height	of	2160	pixels,	but	it	is	most	commonly	used	in	reference	to	the	4K	UHDTV	resolution	of	3840 × 2160	due	to	its	association	with	the	well-known	720p	and	1080p	HDTV	formats.	Although	3840 × 2160	is	both	a	4K	resolution	and	a	2160p	resolution,	these	terms	cannot	always	be	used	interchangeably	since	not	all	4K	resolutions	are	2160	pixels
tall,	and	not	all	2160p	resolutions	are	≈4000	pixels	wide.	However,	some	companies	have	begun	using	the	term	"4K"	to	describe	devices	with	support	for	a	2160p	resolution,	even	if	it	is	not	close	to	4000	pixels	wide.	For	example,	many	"4K"	dash	cams	only	support	a	resolution	of	2880 × 2160	(4∶3);[25][26]	although	this	is	a	2160p	resolution,	it	is	not	a
4K	resolution.	Conversely,	Samsung	released	a	5120 × 2160	(64∶27)	TV,	but	marketed	it	as	a	"4K"	TV	despite	its	5K-class	resolution.[27][28]	In	2015,	LG	Display	announced	the	implementation	of	a	new	technology	called	M+	which	is	the	addition	of	white	subpixel	along	with	the	regular	RGB	dots	in	their	IPS	panel	technology.[29]	The	media	and
internet	users	later	called	this	"RGBW"	TVs	because	of	the	white	sub	pixel.	Most	of	the	new	M+	technology	was	employed	on	4K	TV	sets	which	led	to	a	controversy	after	tests	showed	that	the	addition	of	a	white	sub	pixel	replacing	the	traditional	RGB	structure	would	reduce	the	resolution	by	around	25%.	After	tests	done	by	Intertek	in	which	the
technical	aspects	of	LG	M+	TVs	were	analyzed	and	they	concluded	that	"the	addressable	resolution	display	is	2,880	X	2,160	for	each	red,	green,	blue",	in	other	words,	the	LG	TVs	were	technically	2.8K	as	it	became	known	in	the	controversy.[30][31]	Although	LG	Display	has	developed	this	technology	for	use	in	notebook	display,	outdoor	and
smartphones,	it	is	more	popular	in	the	TV	market	due	to	the	supposed	4K	UHD	marketed	resolution	but	still	being	incapable	of	achieving	true	4K	UHD	resolution	as	defined	by	the	CTA	as	3840x2160	active	pixels	with	8-bit	per	color.	This	negatively	impacts	the	rendering	of	text,	making	it	a	bit	fuzzier,	which	is	especially	noticeable	when	a	TV	is	used
as	a	PC	monitor.[32][33][34][35][36]	In	2019,	Sony	was	granted	the	CinemaWide	trademark	by	the	European	Union	Intellectual	Property	Office	(EUIPO),	in	which	the	trademark	covers	'Class	9'	electronic	devices,	including	smartphones.[37]	According	to	Sony	and	SID,[38]	the	standard	defines	a	CinemaWide	4K	product	with	the	following
characteristics:	A	resolution	of	3840 × 1644	or	larger	An	aspect	ratio	of	21∶9	Capable	of	playing	back	4K	resolution	video	(2160p)	in	an	aspect	ratio	of	21∶9	Capable	of	upscaling	non-4K	content	(i.e.	720p	/	1080p)[39]	Sony	Xperia	smartphones	are	the	most	widely	known	products	that	equipped	with	CinemaWide	4K	display,	such	as	Xperia	1,	Xperia	1	II,
Xperia	1	III,	Xperia	1	IV	and	Xperia	1	V.	Video	sharing	website	YouTube	and	the	television	industry	have	adopted	3840 × 2160	as	their	4K	standard.[40][41]	As	of	2014[update],	4K	content	from	major	broadcasters	remained	limited.[42]	By	late	2014,	4K	content	was	becoming	more	widely	available	online,	including	on	Apple	TV,	YouTube,	Netflix,
Hulu,	and	Amazon	Prime	Video.[43][44]	By	2013,	some	UHDTV	models	were	available	to	general	consumers	in	the	range	of	US$600.[45][46]	As	of	2015[update],	prices	on	smaller	computer	and	television	panels	had	dropped	below	US$400.[47]	On	March	26,	2013,	the	Advanced	Television	Systems	Committee	announced	new	proposals	of	a	new
standard	called	ATSC	3.0	which	would	implement	UHD	broadcasts	at	resolutions	of	up	to	3840 × 2160	or	7680 × 4320.[48][49][50][51]	The	standard	would	also	include	framerates	of	up	to	120	Hz,	HEVC	encoding,	wide	color	gamut,	as	well	as	high	dynamic	range.[52][53][54]	In	2014,	the	Digital	Video	Broadcasting	Project	released	a	new	set	of
standards	intended	to	guide	the	implementation	of	high	resolution	content	in	broadcast	television.	Dubbed	DVB-UHDTV,	it	establishes	two	standards,	known	as	UHD-1	(for	4K	content)	and	UHD-2	(for	8K	content).	These	standards	use	resolutions	of	3840 × 2160	and	7680 × 4320	respectively,	with	framerates	of	up	to	60	Hz,	color	depth	up	to	10	bpc
(30	bit/px),	and	HEVC	encoding	for	transmission.[55]	DVB	is	currently	focusing	on	the	implementation	of	the	UHD-1	standard.[56]	DVB	finalized	UHD-1	Phase	2	in	2016,	with	the	introduction	of	service	by	broadcasters	expected	in	2017.	UHD-1	Phase	2	adds	features	such	as	high	dynamic	range	(using	HLG	and	PQ	at	10	or	12	bits),	wide	color	gamut
(BT.	2020/2100	colorimetry),	and	high	frame	rate	(up	to	120	Hz).[57][56]	As	of	February	2025,	both	YouTube	and	Vimeo	support	high-resolution	video	uploads,	with	maximum	resolutions	of	4096	×	2304	pixels	(approximately	9.4	megapixels)	and	4096	×	2160	pixels	(approximately	8.8	megapixels),	respectively.[58]	The	growing	availability	of	4K
content	across	streaming	platforms	like	Netflix,	Amazon	Prime	Video,	and	YouTube	has	made	it	more	accessible	to	consumers.	Vimeo's	4K	content	is	currently	limited	to	mostly	nature	documentaries	and	tech	coverage.[59][60]	High	Efficiency	Video	Coding	(HEVC	or	H.265)	facilitates	streaming	of	4K	content	at	bitrates	between	20	to	30	Mbit/s,
offering	efficient	compression	without	significant	quality	loss.[61]	In	January	2014,	Naughty	America	launched	the	first	adult	video	service	streaming	in	4K.[62][63]	In	February	2025,	Super	Bowl	LIX	was	broadcast	in	4K	resolution	with	Dolby	Vision	HDR	and	Dolby	Atmos	sound	for	the	first	time.	Fox	aired	the	game,	and	it	was	also	available	for	free
streaming	in	4K	on	Tubi,	marking	a	significant	milestone	in	sports	broadcasting.[64][65]	See	also:	Category:	Mobile	phones	with	4K	video	recording	The	first	mobile	phones	to	be	able	to	record	at	2160p	(3840 × 2160)	were	released	in	late	2013,	including	the	Samsung	Galaxy	Note	3,	which	is	able	to	record	2160p	at	30	frames	per	second.	In	the	year
2014,	the	OnePlus	One	was	released	with	the	option	to	record	DCI	4K	(4096 × 2160)	at	24	frames	per	second,	as	well	as	LG	G3	and	Samsung	Galaxy	Note	4	with	optical	image	stabilization.	In	the	year	2015,	Apple	announced	the	iPhone	6s	was	released	with	the	12	megapixel	camera	that	has	the	option	to	record	4K	at	25	or	30	frames	per	second.	In
the	years	2017	and	2018,	mobile	phone	chipsets	reached	sufficient	processing	power	that	mobile	phone	vendors	started	releasing	mobile	phones	that	allow	recording	2160p	footage	at	60	frames	per	second	for	a	smoother	and	more	realistic	appearance.[66]	iMac	with	Retina	Display	(2014)	is	one	of	the	earliest	computers	that	utilise	4K	widescreen.
[67]	Samsung	UN105S9	105-inch	(2,700	mm)	ultra-high-definition	4K	television	In	1984,	Hitachi	released	the	ARTC	HD63484	graphics	processor,	which	was	capable	of	displaying	up	to	4K	resolution	when	in	monochrome	mode.[68]	The	resolution	was	targeted	at	the	bit-mapped	desktop	publishing	market.[68]	The	first	commercially	available	4K
camera	for	cinematographic	purposes	was	the	Dalsa	Origin,	released	in	2003.[69][70]	4K	technology	was	developed	by	several	research	groups	in	universities	around	the	world,	such	as	University	of	California,	San	Diego,	CALIT2,	Keio	University,	Naval	Postgraduate	School	and	others	that	realized[71]	several	demonstrations	in	venues	such	as	IGrid
in	2004	and	CineGrid.	YouTube	began	supporting	4K	for	video	uploads	in	2010	as	a	result	of	leading	manufacturers	producing	4K	cameras.[72]	Users	could	view	4K	video	by	selecting	"Original"	from	the	quality	settings	until	December	2013,	when	the	2160p	option	appeared	in	the	quality	menu.[73]	In	November	2013,	YouTube	began	to	use	the	VP9
video	compression	standard,	saying	that	it	was	more	suitable	for	4K	than	High	Efficiency	Video	Coding	(HEVC).	Google,	which	owns	YouTube,	developed	VP9.[72]	Theaters	began	projecting	movies	at	4K	resolution	in	2011.[74]	Sony	was	offering	4K	projectors	as	early	as	2004.[75]	The	first	4K	home	theater	projector	was	released	by	Sony	in	2012.[76]
Despite	this,	there's	not	many	finished	films	with	4K	resolution	as	of	2023.	Even	for	movies	and	TV	shows	shot	using	6K	or	8K	cameras,	almost	all	finished	films	are	edited	in	HD	resolution	and	enlarged	to	fit	a	4K	format.[77]	Sony	is	one	of	the	leading	studios	promoting	UHDTV	content,	as	of	2013[update]	offering	a	little	over	70	movie	and	television
titles	via	digital	download	to	a	specialized	player	that	stores	and	decodes	the	video.	The	large	files	(≈40	GB),	distributed	through	consumer	broadband	connections,	raise	concerns	about	data	caps.[78]	In	2014,	Netflix	began	streaming	House	of	Cards,	Breaking	Bad,[79]	and	"some	nature	documentaries"	at	4K	to	compatible	televisions	with	an	HEVC
decoder.	Most	4K	televisions	sold	in	2013	did	not	natively	support	HEVC,	with	most	major	manufacturers	announcing	support	in	2014.[80]	Amazon	Studios	began	shooting	their	full-length	original	series	and	new	pilots	with	4K	resolution	in	2014.[81]	They	are	now	currently	available	through	Amazon	Video.[82]	In	March	2016	the	first	players	and
discs	for	Ultra	HD	Blu-ray—a	physical	optical	disc	format	supporting	4K	resolution	and	high-dynamic-range	video	(HDR)	at	60	frames	per	second—were	released.[83]	On	August	2,	2016,	Microsoft	released	the	Xbox	One	S,	which	supports	4K	streaming	and	has	an	Ultra	HD	Blu-ray	disc	drive,	but	does	not	support	4K	gaming.[84]	On	November	10,
2016,	Sony	released	the	PlayStation	4	Pro,	which	supports	4K	streaming	and	gaming,[85]	though	many	games	use	checkerboard	rendering	or	are	upscaled	4K.[86]	On	November	7,	2017,	Microsoft	released	the	Xbox	One	X,	which	supports	4K	streaming	and	gaming,[87]	though	not	all	games	are	rendered	at	native	4K.[88]	This	section	may	need	to	be
rewritten	to	comply	with	Wikipedia's	quality	standards.	You	can	help.	The	talk	page	may	contain	suggestions.	(July	2024)	Though	the	price	of	home	cinema	viewing	devices	began	to	drop	rapidly	from	2013,	the	digital	video	projector	market	saw	limited	expansion	as	very	few	manufacturers	had	fully	4K-capable	lineups.	Native	4K	projectors	remained
priced	in	the	five-figure	range	well	into	2015,	only	falling	below	US$10,000	later	that	year.	Sony	was	the	sole	major	manufacturer	offering	a	comprehensive	4K	projection	solution	as	of	2015.[89]	Critics	argue	that,	at	typical	direct-view	panel	sizes	and	viewing	distances,	the	extra	pixels	of	4K	are	unnecessary	for	normal	human	vision.[citation	needed]
In	contrast,	home	cinema	projectors	use	larger	screens	without	necessarily	increasing	the	viewing	distance	to	match	the	scale.	One	technique	to	provide	a	more	affordable	4K	experience	in	home	cinema	projectors	is	"e-shift."	Developed	by	some	manufacturers,	e-shift	extrapolates	additional	pixels	from	1080p	sources	to	either	upscale	to	4K	or	display
4K	from	native	4K	sources	at	a	much	lower	price	point	than	native	4K	projectors.	This	technology	reached	its	fourth	generation	in	2016.[90][91][92][93]	JVC	applied	this	technology	to	create	an	8K	flight	simulation	system	for	Boeing,	meeting	the	visual	acuity	limits	of	20/25.[94]	The	first	pixel-shifted	4K	UHD	projectors	adopted	by	the	market	are
Optoma,	BenQ,	Dell,	et	al.,	for	those	adopt	a	2718×1528	pixel	structure.	The	amount	of	data	these	projectors	process	is	true	4K,	but	they	overlap	the	pixels,	which	is	what	pixel	shifting	is.	In	fact,	each	of	those	pixels	is	far	larger.	In	fact,	each	one	has	50%	more	area	than	true	4K.	Pixel	shifting	projectors.	This	way,	they	project	a	pixel	and	shift	it	up	to
the	right	by	a	half	diameter	and	project	it	again	with	modified	data—the	second	pixel	overlaid	on	the	first.	This	would	result	in	adjacent	red	and	green	pixels	effectively	forming	yellow,	with	a	fringe	on	one	side	of	red,	on	the	other	of	green—except	that	the	fringe	takes	on	another	color	as	the	next	line	of	pixels	overlaps	too.	4K	UHD	or	1080p	pixel
shifting	cannot	reveal	the	fine	detail	of	a	true	4K	projector	such	as	those	Sony	ships	in	the	business,	education,	and	home	markets.	JVC	has	one	true	4K	at	$35,000	(in	mid-2017)	and	another	for	$120,000.[citation	needed]	While	projecting	UHD,	it	might	look	as	though	the	pixel	structures	would	have	1/4	the	area	of	1080p;	it	just	doesn't	happen	with
pixel	shifting.	That	much	resolution	is	only	carried	by	a	true	4K	projector.	This	is	why	"true"	4K	costs	so	much	more	than	4K	UHD	projectors	that	have	more	or	less	similar	feature	sets.	They	produce	smaller	pixels,	finer	resolution—no	loss	of	detail	or	color	from	the	overlapping	pixels.	This	is	in	stark	contrast	to	the	small	variation	in	the	aspect	ratio
difference,	which	would	be	capable	of	being	noticeable	in	a	few	companies,	such	as	Kaleidescape,	offering	media	servers	that	enable	4K	UHD	Blu-ray	movies	with	a	wide	dynamic	range	in	a	home	theater.[95]	In	November	2014,	American	satellite	provider	DirecTV	(owned	by	AT&T)	became	the	first	pay-TV	provider	to	offer	access	to	4K	content,
although	limited	to	selected	video-on-demand	films.[96]	In	August	2015,	British	sports	network	BT	Sport	launched	a	4K	feed,	with	its	first	broadcast	being	the	2015	FA	Community	Shield	football	match.	Two	production	units	were	used,	producing	the	traditional	broadcast	in	high-definition,	and	a	separate	4K	broadcast.	As	the	network	did	not	want	to
mix	4K	footage	with	upconverted	HD	footage,	this	telecast	did	not	feature	traditional	studio	segments	at	pre-game	or	half-time,	but	those	hosted	from	the	stadium	by	the	match	commentators	using	a	4K	camera.	BT	envisioned	that	if	viewers	wanted	to	watch	studio	analysis,	they	would	switch	to	the	HD	broadcast	and	then	back	for	the	game.	Footage
was	compressed	using	H.264	encoders	and	transmitted	to	BT	Tower,	where	it	was	then	transmitted	back	to	BT	Sport	studios	and	decompressed	for	distribution,	via	4K-compatible	BT	TV	set-top	boxes	on	an	eligible	BT	Infinity	internet	plan	with	at	least	a	25	Mbit/s	connection.[97][98]	In	late	2015	and	January	2016,	three	of	Canada's	television
providers	–	including	Quebec-based	Vidéotron,	Ontario-based	Rogers	Cable,	and	Bell	Fibe	TV,	announced	that	they	would	begin	to	offer	4K	compatible	set-top	boxes	that	can	stream	4K	content	to	subscribers	over	gigabit	internet	service.[99][100]	On	October	5,	2015,	alongside	the	announcement	of	its	4K	set-top	box	and	gigabit	internet,	Canadian
media	conglomerate	Rogers	Communications	announced	that	it	planned	to	produce	101	sports	telecasts	in	4K	in	2016	via	its	Sportsnet	division,	including	all	Toronto	Blue	Jays	home	games,	and	"marquee"	National	Hockey	League	games	beginning	in	January	2016.	Bell	Media	announced	via	its	TSN	division	a	slate	of	4K	telecasts	to	begin	on	January
20,	2016,	including	selected	Toronto	Raptors	games	and	regional	NHL	games.[101][102][103]	On	January	14,	2016,	in	cooperation	with	BT	Sport,	Sportsnet	broadcast	the	first	ever	NBA	game	produced	in	4K	–	a	Toronto	Raptors/Orlando	Magic	game	at	O2	Arena	in	London,	England.	On	January	20,	also	during	a	Raptors	game,	TSN	presented	the	first
live	4K	telecast	produced	in	North	America.[99][101][104]	Three	days	later,	Sportsnet	presented	the	first	NHL	game	in	4K.[105]	Dome	Productions,	a	joint	venture	of	Bell	Media	and	Rogers	Media	(the	respective	owners	of	TSN	and	Sportsnet),	constructed	a	"side-by-side"	4K	mobile	production	unit	shared	by	Sportsnet	and	TSN's	first	4K	telecasts;	it
was	designed	to	operate	alongside	a	separate	HD	truck	and	utilize	cameras	capable	of	output	in	both	formats.[106]	For	the	opening	game	of	the	2016	Toronto	Blue	Jays	season,	Dome	constructed	"Trillium"	–	a	production	truck	integrating	both	4K	and	1080i	high-definition	units.[107]	Bell	Media's	CTV	also	broadcast	the	2016	Juno	Awards	in	4K	as	the
first	awards	show	presented	in	the	format.[108]	In	February	2016,	Spanish-language	Univision	trialed	4K	by	producing	a	closed-circuit	TV	broadcast	of	a	football	friendly	between	the	national	teams	of	Mexico	and	Senegal	from	Miami	(America)	in	the	format.	The	broadcast	was	streamed	privately	to	several	special	viewing	locations.	Univision	aimed
to	develop	a	4K	streaming	app	to	publicly	televise	the	final	of	Copa	América	Centenario	in	4K.[109][110][111]	In	March	2016,	DirecTV	and	CBS	Sports	announced	that	they	would	produce	the	"Amen	Corner"	supplemental	coverage	from	the	Masters	golf	tournament	in	4K.[112][113]	In	late	2016,	Telus	TV	announced	that	they	would	begin	to	offer	4K
compatible	set-top	boxes.[114]	After	having	trialed	the	technology	in	limited	matches	at	the	2013	FIFA	Confederations	Cup,[115]	and	the	2014	FIFA	World	Cup	(via	private	tests	and	public	viewings	in	the	host	city	of	Rio	de	Janeiro),[116]	the	2018	FIFA	World	Cup	was	the	first	FIFA	World	Cup	in	which	all	matches	were	produced	in	4K.	Host
Broadcasting	Services	stated	that	at	least	75%	of	the	broadcast	cut	on	each	match	would	come	from	4K	cameras	(covering	the	majority	of	main	angles),	with	instant	replays	and	some	camera	angles	being	upconverted	from	1080p	sources.	These	broadcasts	were	made	available	from	selected	rightsholders,	such	as	the	BBC	in	the	UK,	and	selected
television	providers	in	the	United	States.[117][118][119]	Technical	limitations	in	distributing	4K	broadcasts	(including	the	increased	cost	of	4K-compatible	production	equipment)[120]	have	led	to	some	broadcasters	deciding	against	the	format	in	favour	of	emphasizing	1080p/HDR	broadcasts	instead.	After	having	broadcast	UEFA	Euro	and	the
Champions	League	final	in	the	format,	UEFA	discontinued	4K	coverage	for	both	in	2024,	as	broadcasters	elected	to	put	resources	behind	HDR	and	other	on-air	features	instead.[121]	Some	U.S.	broadcasters,	such	as	CBS	Sports,[122][123]	Fox	Sports,[124]	and	USA	Network[125]	have	broadcast	events	promoted	as	having	"4K"	feeds,	but	are	actually
1080p/HDR	broadcasts	upconverted	to	4K.	For	the	2024	Summer	Olympics,	USA	Network's	"4K"	coverage	was	sourced	from	host	broadcaster	Olympic	Broadcasting	Services	(OBS)	in	4K,	but	downconverted	to	1080p	when	received	by	NBC	Sports'	studios,	and	then	upconverted	to	4K	for	distribution.[125]	Examples	of	some	4K	resolutions	used	in
displays	and	media	Format	Resolution	Aspect	ratio	Pixels	-	4096 × 3072	1.33	4∶3	12,582,912	-	4096 × 2560	1.6	16∶10	10,485,760	-	4096 × 2304	1.77	16∶9	9,437,184	DCI	4K	(full	frame)	4096 × 2160	≈1.90	256∶135	8,847,360	DCI	4K	(CinemaScope	cropped)	4096 × 1716	≈2.39	1024∶429	7,020,544	DCI	4K	(flat	cropped)	3996 × 2160	1.85	37∶20	8,631,360
WQUXGA	3840 × 2400	1.6	16∶10	9,216,000	4K	UHD	3840 × 2160	1.77	16∶9	8,294,400	-	3840 × 1920	2.0	2∶1	7,372,800	-	3840 × 1620	2.370	64∶27	6,220,800	-	3840 × 1600	2.4	12∶5	6,144,000	DFHD	3840 × 1080	3.55	32∶9	4,147,200	The	resolution	of	3840 × 2160	is	the	dominant	4K	resolution	in	the	consumer	media	and	display	industries.	This	is	the
resolution	of	the	UHDTV1	format	defined	in	SMPTE	ST	2036–1,[15]	as	well	as	the	4K	UHDTV	format	defined	by	ITU-R	in	Rec.	2020,[16]	and	is	also	the	minimum	resolution	for	CEA's	definition	of	Ultra	HD	displays	and	projectors.[21]	The	resolution	of	3840 × 2160	was	also	chosen	by	the	DVB	project	for	their	4K	broadcasting	standard,	UHD-1.[56]	This
resolution	has	an	aspect	ratio	of	16∶9,	with	8,294,400	total	pixels.	It	is	exactly	double	the	horizontal	and	vertical	resolution	of	1080p	(1920 × 1080)	for	a	total	of	4	times	as	many	pixels,	and	triple	the	horizontal	and	vertical	resolution	of	720p	(1280 × 720)	for	a	total	of	9	times	as	many	pixels.	It	is	sometimes	referred	to	as	"2160p",	based	on	the	naming
patterns	established	by	the	previous	720p	and	1080p	HDTV	standards.	In	2013,	televisions	capable	of	displaying	UHD	resolutions	were	seen	by	consumer	electronics	companies	as	the	next	trigger	for	an	upgrade	cycle	after	a	lack	of	consumer	interest	in	3D	television.[126]	This	resolution	is	used	mainly	in	digital	cinema	production,	and	has	a	total	of
8,847,360	pixels	with	an	aspect	ratio	of	256∶135	(≈19∶10).	It	was	standardized	as	the	resolution	of	the	4K	container	format	defined	by	Digital	Cinema	Initiatives	in	the	Digital	Cinema	System	specification,	and	is	the	native	resolution	of	all	DCI-compliant	4K	digital	projectors	and	monitors.[6]	The	DCI	specification	allows	several	different	resolutions	for
the	content	inside	the	container,	depending	on	the	desired	aspect	ratio.	The	allowed	resolutions	are	defined	in	SMPTE	428-1:[6]: §3.2.1 [7]: p.	6 	4096 × 2160	(full	frame,	256∶135	or	≈1.90∶1	aspect	ratio)	3996 × 2160	(flat	crop,	1.85∶1	aspect	ratio)	4096 × 1716	(CinemaScope	crop,	≈2.39∶1	aspect	ratio)	The	DCI	4K	standard	has	twice	the	horizontal	and
vertical	resolution	of	DCI	2K	(2048 × 1080),	with	four	times	as	many	pixels	overall.	Digital	movies	made	in	4K	may	be	produced,	scanned,	or	stored	in	a	number	of	other	resolutions	depending	on	what	storage	aspect	ratio	is	used.[127][128]	In	the	digital	cinema	production	chain,	a	resolution	of	4096	×	3112	is	often	used	for	acquiring	"open	gate"	or
anamorphic	input	material,	a	resolution	based	on	the	historical	resolution	of	scanned	Super	35	mm	film.[129]	Various	other	non-standardized	4K	resolutions	have	been	used	in	displays,	including:	4096 × 2560	(1.60:1	or	16:10);	this	resolution	was	used	in	the	Canon	DP-V3010,	a	30-inch	(76	cm)	4K	reference	monitor	designed	for	reviewing	cinema
footage	in	post-production,	released	in	2013.[130]	4096 × 2304	(1.77:1	or	16:9);	this	resolution	was	used	in	the	21.5-inch	(55	cm)	LG	UltraFine	22MD4KA	4K	monitor,	jointly	announced	by	LG	and	Apple	in	2016[131]	and	used	in	the	21.5"	4K	Retina	iMac	computer.	3840 × 2400	(1.60:1	or	16:10);	this	resolution	was	used	in	the	22.2-inch	(56	cm)	IBM
T220	and	T221	monitors,	released	in	2001	and	2002	respectively.	This	resolution	is	also	referred	to	as	"WQUXGA",	and	is	four	times	the	resolution	of	WUXGA	(1920 × 1200).[132]	More	recently,	this	resolution	has	returned	in	the	Dell	XPS	Laptop	series,	under	the	name	"UHD+".[133]	3840 × 1920	(2:1	or	16:8);	this	resolution	is	largely	used	by	360°
videos[134]	as	they	largely	use	a	2:1	aspect	ratio.	The	reason	is	to	represent	a	360°	on	the	horizontal	axis	and	a	180°	on	the	vertical.	3840 × 1600	(2.40:1	or	12:5);	a	number	of	computer	monitors	with	this	resolution	have	been	produced,	the	first	being	the	37.5-inch	(95	cm)	LG	38UC99-W	released	in	2016.	This	resolution	is	equivalent	to	WQXGA
(2560 × 1600)	extended	in	width	by	50%,	or	3840 × 2160	reduced	in	height	by	≈26%.[135]	LG	refers	to	this	resolution	as	"WQHD+"	(Wide	Quad	HD+),[136]	while	Acer	uses	the	term	"UW-QHD+"	(Ultra-wide	Quad	HD+)[137]	and	some	media	outlets	have	used	the	term	"UW4K"	(Ultra-wide	4K).[138][139]	3840 × 1080	(3.55:1	or	32:9);	this	resolution
was	first	used	in	the	Samsung	C49HG70,	a	49-inch	(120	cm)	curved	gaming	monitor	released	in	2017.	This	resolution	is	equivalent	to	dual	1080p	displays	(1920 × 1080)	side-by-side,	but	with	no	border	interrupting	the	image.	It	is	also	exactly	one	half	of	a	4K	UHD	(3840 × 2160)	display.	Samsung	refers	to	this	resolution	as	"DFHD"	(Dual	Full	HD).
[140]	Sony	Handycam	FDR-AX1	See	also:	List	of	4K	video	recording	devices	The	main	advantage	of	recording	video	at	the	4K	standard	is	that	fine	spatial	detail	is	resolved	well.[141]	Individual	still	frames	extracted	from	3840×2160-pixel	video	footage	can	act	as	8.3	megapixel	still	photographs,	while	only	2.1	megapixels	at	1080p	and	0.9	megapixels
at	720p.	If	the	final	video	resolution	is	reduced	to	2K	from	a	4K	recording,	more	detail	is	apparent	than	would	have	been	achieved	from	a	native	2K	recording.[141]	Increased	fineness	and	contrast	is	then	possible	with	output	to	DVD	and	Blu-ray.[142]	Some	cinematographers	record	at	4K	with	the	Super	35	film	format	to	offset	any	resolution	loss	that
may	occur	during	video	processing.[143]	In	full	size,	this	image	shows	the	difference	between	four	subsampling	schemes.	The	color	images	appear	similar.	The	lower	row	shows	the	resolution	of	the	color	information.	Many	consumer	electronics	such	as	mobile	phones	store	video	footage	in	Y′CBCR	format	with	4:2:0	chroma	subsampling,	which
records	color	information	at	only	one	quarter	the	resolution	as	the	brightness	information.[144]	For	3840 × 2160	video,	this	means	that	the	color	information	is	only	stored	at	1920 × 1080.[145]	Consumer	cameras	and	mobile	phones	record	2160p	footage	at	much	higher	bit	rates	(usually	50	to	100	Mbit/s)	than	1080p	(usually	10	to	30	Mbit/s).	This
higher	bit	rate	reduces	the	visibility	of	compression	artifacts,	even	if	viewed	on	monitors	with	a	lower	resolution	than	2160p.	Film	portalTelevision	portal	1080p	Full	HD	–	digital	video	format	with	a	resolution	of	1920 × 1080,	with	vertical	resolution	of	1080	lines	1440p	(WQHD)	–	vertical	resolution	of	1440	lines	List	of	4K	video	recording	devices	2K
resolution	–	digital	video	formats	with	a	horizontal	resolution	of	around	2,000	pixels	5K	resolution	–	digital	video	formats	with	a	horizontal	resolution	of	around	5,000	pixels,	aimed	at	non-television	computer	monitor	usage	8K	resolution	–	digital	video	formats	with	a	horizontal	resolution	of	around	8,000	pixels	10K	resolution	–	digital	video	formats	with
a	horizontal	resolution	of	around	10,000	pixels	16K	resolution	–	experimental	VR	format	32K	resolution	Aspect	ratio	(image)	–	proportional	relationship	between	an	image's	width	and	height	Digital	cinema	Display	resolution	standards	High	Efficiency	Video	Coding	(HEVC)	–	video	standard	that	supports	4K	&	8K	UHDTV	and	resolutions	up	to	8192 × 
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edit)	MPEG-2	(links	|	edit)	Mulholland	Drive	(film)	(links	|	edit)	NTSC	(links	|	edit)	PAL	(links	|	edit)	Princess	Mononoke	(links	|	edit)	Phish	(links	|	edit)	Sony	(links	|	edit)	Steven	Soderbergh	(links	|	edit)	Standard-definition	television	(links	|	edit)	Super-Kamiokande	(links	|	edit)	Seinfeld	(links	|	edit)	SECAM	(links	|	edit)	The	Texas	Chain	Saw	Massacre
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Raspberry	Pi	What	flavor	of	Pi	is	your	favorite?	howchoo			(467)	The	Raspberry	Pi	has	become	an	iconic	machine	in	the	world	of	tiny	computers.	This	pocket	sized	board	is	so	cool—and	I	know	I	sound	biased.	But	it’s	true!	You	can	use	them	for	so	many	projects.	Finding	the	best	Pi	model	can	sometimes	be	tricky.	That’s	why	we	took	the	time	to	break
down	each	Raspberry	Pi	into	this	list.	Compare	specs	and	learn	a	little	about	the	history	of	how	the	Raspberry	Pi	has	evolved	over	the	last	few	years.	Raspberry	Pi	ModelReleasedUSB	PortsCPURAMBluetoothWiFiRaspberry	Pi	1	BFeb	20122x	USB	2.0700MHz512MBNoNoRaspberry	Pi	1	B+July	20144x	USB	2.0700MHz512MBNoNoRaspberry	Pi	1
A+Nov	20141x	USB700MHz512MBNoNoRaspberry	Pi	2Feb	20154x	USB900MHz1GBNoNoRaspberry	Pi	ZeroNov	20151x	Micro	USB1GHz512MBNoNoRaspberry	Pi	3Feb	20164x	USB1.2GHz1GB4.1	LEYesRaspberry	Pi	Zero	WFeb	20171x	Micro	USB1GHz512MB4.1YesRaspberry	Pi	3	B+Mar	20184x	USB	2.01.4GHz1GB4.2,	BLEYesRaspberry	Pi	3
A+Nov	20181x	USB	2.01.4GHz512MB4.2,	BLEYesRaspberry	Pi	4June	20192X	USB	3.0,	2X	USB	2.01.5GHz1GB,	2GB,	4GB,	or	8GB5.0,	BLEYesRaspberry	Pi	400November	20202X	USB	3.0,	2X	USB	2.01.8GHz4GB5.0,	BLEYesRaspberry	Pi	PicoJanuary	2021USB	C133MHz264KBNoNo	Raspberry	Pi	1	B	The	first	Raspberry	Pi	was	released	in	2012.	This
original	edition,	known	as	Raspberry	Pi	1	B,	was	met	with	great	success.	Everyone	wanted	to	get	their	hands	on	this	tiny	computer	to	see	what	it	could	do.	ReleasedUSB	PortsCPURAMBluetoothWiFiFeb	20122x	USB	2.0700	MHz512MBNoNo	Raspberry	Pi	1	B+,	a	revised	edition	of	the	Raspberry	Pi	1	B	which	released	in	2014.	The	Raspberry	Pi	1	B
was	followed	with	an	updated	edition	known	as	the	Raspberry	Pi	1	B+.	The	most	noticeable	change	was	the	addition	of	two	additional	USB	ports.	ReleasedUSB	PortsCPURAMBluetoothWiFiJuly	20144x	USB	2.0700	MHz512MBNoNo	Raspberry	Pi	A+	This	model	follows	the	release	of	the	Raspberry	Pi	B.	The	Raspberry	Pi	A+	is	smaller	than	the	Pi	B,	but



just	as	powerful.	It	has	the	same	processing	speed	in	a	slimline	package.	Unlike	the	Pi	B,	it	only	features	1	USB	port	and	no	Ethernet	port.	ReleasedUSB	PortsCPURAMBluetoothWiFiNov	20141x	USB700	MHz512MBNoNo	Raspberry	Pi	2	What’s	better	than	one	Raspberry	Pi?	Two!	This	is	the	Raspberry	Pi	2,	a	wonderful	successor	to	the	original
Raspberry	Pi.	It	comes	with	4	USB	ports	and	more	CPU	power	than	before,	clocking	in	at	900	MHz.	ReleasedUSB	PortsCPURAMBluetoothWiFiFeb	20154x	USB900	MHz1GBNoNo	Raspberry	Pi	Zero	Raspberry	Pi	meets	shrink	ray	with	this	super	teeny	model	known	as	the	Raspberry	Pi	Zero.	This	super	slim	model	comes	with	a	few	upgraded	features.
The	CPU	on	this	edition	can	reach	speeds	up	to	1GHz.	The	USB	ports	have	been	dropped	in	favor	of	a	Micro	USB	port	and	Micro	OTG	port.	ReleasedUSB	PortsCPURAMBluetoothWiFiNov	20151x	Micro	USB1	GHz512MBNoNo	Raspberry	Pi	Zero	W	The	Pi	Zero	was	seriously	upgraded	with	the	release	of	the	Raspberry	Pi	Zero	W.	This	tiny	computer	is
packed	with	a	micro	USB	port,	a	micro	OTG	port,	and	a	1	GHz	processor	like	the	Pi	Zero.	But	the	team	took	their	efforts	a	step	further	by	including	both	Bluetooth	and	Wireless	capabilities—making	it	perfect	for	small,	mobile	projects.	ReleasedUSB	PortsCPURAMBluetoothWiFiFeb	20171x	Micro	USB1	GHz512MB4.1Yes	Raspberry	Pi	3	Model	B	The	Pi
reached	new	heights	with	the	release	of	the	Raspberry	Pi	3.	This	model	is	just	a	little	bit	faster	and	a	lot	more	versatile.	Long	gone	are	the	days	of	isolation,	these	Pi’s	are	open	to	multiple	wireless	channels	including	both	WiFi	and	Bluetooth.	ReleasedUSB	PortsCPURAMBluetoothWiFiFeb	20164x	USB1.2	GHz1GB4.1	LEYes	Raspberry	Pi	3	B+
The	Raspberry	Pi	3	B+	is	an	excellent	edition	to	the	lineup	of	modern	Pis.	It’s	my	go-to	board	for	most	projects	and	it’s	no	wonder	why!	This	board	comes	with	a	1.4	GHz	processor,	Bluetooth,	WiFi,	4	USB	ports,	and	a	reputation	to	back	it	up!	ReleasedUSB	PortsCPURAMBluetoothWiFiMar	20184x	USB	2.01.4	GHz1GB4.2,	BLEYes	Raspberry	Pi	3	A+
The	Raspberry	Pi	3	A+	is	a	slimmed-down	edition	of	the	B+.	It	has	the	same	processor	as	the	B+,	reaching	speeds	up	to	1.4	GHz.	In	lieu	of	4	USB	ports,	the	Pi	3	A+	has	only	1	USB	port.	In	keeping	with	the	recent	Pi	models,	it	comes	with	both	Bluetooth	and	WiFi	capabilities.	ReleasedUSB	PortsCPURAMBluetoothWiFiNov	20181x	USB	2.01.4
GHz1GB4.2,	BLEYes	The	Raspberry	Pi	4.	Raspberry	Pi	4	The	Raspberry	Pi	4	really	packs	a	punch	compared	to	its	predecessors.	You	can	choose	from	one	of	three	RAM	upgrades,	there	are	four	USB	ports,	and	it	comes	with	the	most	powerful	CPU	yet.	The	Pi	4	is	quickly	taking	the	stage	as	developers	create	software	to	take	advantage	of	all	of	the	new
features.	ReleasedUSB	PortsCPURAMBluetoothWiFiJune	20192X	USB	3.0,	2X	USB	2.01.5GHz1GB,	2GB,	or	4GB5.0,	BLEYes	Raspberry	Pi	Foundation	The	Raspberry	Pi	400	is	an	all-in-one	keyboard	containing	a	Raspberry	Pi	4.	It	features	mostly	the	same	specs	as	the	Pi	4,	except	the	internal	board	is	a	different	form	factor.	The	CPU	also	has	a	higher
clock	speed	of	1.8GHz	vs.	the	1.5GHz	that	the	Pi	4	has.	Check	out	our	Raspberry	Pi	400	review	video	to	learn	more!	ReleasedUSB	PortsCPURAMBluetoothWiFiOctober	20202X	USB	3.0,	1X	USB	2.01.8GHz4GB5.0,	BLEYes	The	Raspberry	Pi	Compute	Module	has	gone	through	several	iterations;	it	lacks	the	normal	interface	ports	and	functionality	of	a
normal	Pi,	and	is	meant	more	for	business	and	scientific	users.	I	won’t	cover	the	versioning	of	this	one	in	great	detail	but	you	can	read	more	about	the	Compute	Module	on	the	Raspberry	Pi	website.	Raspberry	Pi	Foundation	This	is	the	Raspberry	Pi	Foundation’s	first	official	microcontroller.	It	uses	a	custom	chip	made	by	the	team	known	as	the
RP2040.	It’s	the	smallest	board	yet	and	one	of	the	most	flexible.	ReleasedUSB	PortsCPURAMBluetoothWiFiRaspberry	Pi	PicoJanuary	2021USB	C133MHz264KBNo	Finding	the	best	Raspberry	Pi	for	your	project	depends	on	your	project	needs.	Consider	factors	like	size,	mobility,	and	necessity	of	each	hardware	component.	In	general,	you’ll	find	the
newer	models	have	more	power	and	features	that	open	your	Raspberry	Pi	projects	to	a	myriad	of	potential.	For	example,	the	Pi	Zero	is	suited	for	small	projects.	We	were	able	to	fit	the	Pi	Zero	inside	an	old	NES	controller	just	to	run	RetroPie!	But	the	Pi	3	B+	is	great	for	things	like	setting	up	a	Raspberry	Pi	media	server	or	Pi	powered	MIDI
synthesizer.	If	you	want	the	latest	and	greatest—you	may	want	to	snag	a	Pi	4	to	see	what	it’s	capable	of	while	the	Pico	is	an	excellent	choice	for	anyone	who	needs	a	low-power	unit	for	simple	control	processing.	Looking	for	new	Pi	project	ideas?	Check	out	our	list	of	Raspberry	Pi	projects	to	get	started.	NEXT	UP	A	whole	world	trapped	inside	your	Pi.
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