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The	purpose	of	“System	Tray”	or	“Hidden	Icon	Menu”	on	a	Windows	computer	is	to	store	Icons	for	apps,	volume,	network,	battery	and	other	most	commonly	used	functions,	which	could	[…]	Although,	Microsoft	has	totally	removed	Internet	Explorer	from	its	current	version	of	Windows	operating	system,	it	is	still	possible	to	use	Internet	Explorer	on	a
Windows	11	computer	using	a	[…]	If	the	“Cast”	feature	in	Google	Chrome	is	not	working	on	a	Windows	computer,	it	usually	comes	up	with	“Cast	to	Device	not	working”	or	“No	Devices	Found”	error	message.	[…]	While	the	built-in	Camera	on	a	MacBook	works	flawlessly	most	of	the	times,	it	can	also	freeze-up,	get	disconnected	and	stop	working	with
both	native	and	third-party	apps.	When	the	[…]	While	the	Face	ID	feature	on	iPhone	is	designed	to	protect	your	photos,	messages,	payment	and	personal	information,	you	may	find	the	need	to	disable	Face	ID	due	to	certain	[…]	The	Reminders	app	on	iPhone	makes	it	really	easy	to	set	reminders	to	keep	track	of	important	events,	day-to-day	tasks,
shopping	lists,	projects	and	others	things	that	you	want	to	[…]	There	could	be	many	reasons	to	Hide	Text	Messages	on	iPhone,	ranging	from	hiding	a	birthday	surprise	from	a	loved	one	to	general	privacy	concerns.	Hence,	iPhone	provides	multiple	ways	[…]	As	you	must	have	noticed,	there	is	no	option	to	create	Admin	Accounts	in	the	Home	Edition	of
Windows.	Hence,	the	only	way	to	add	a	Local	Admin	Account	on	[…]	You	may	find	the	need	to	change	Microsoft	Account	Password,	if	you	believe	or	suspect	that	the	Password	for	your	Microsoft	Account	has	been	compromised.	This	can	be	achieved	by	[…]	If	for	any	reason,	you	do	not	want	to	use	Microsoft	Account	on	your	computer,	you	can	either
convert	the	Microsoft	Account	to	Local	Account	or	remove	the	Microsoft	Account	from	[…]	If	you	have	received	a	zipped	file	in	an	email	message	or	downloaded	one	from	the	internet,	you	must	have	already	tried	to	open	the	ZIP	File	on	your	Windows	[…]	The	default	option	on	iPhone	is	to	promptly	come	up	with	“Incorrect	Password”	pop-up,	if	you	are
trying	to	connect	to	a	Wi-Fi	network	by	guessing	its	password	or	making	[…]	"SDHC"	redirects	here.	For	the	gene,	see	SDHC	(gene).	Flash	memory	card	format	SD	cardFrom	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:	Up	to	104	MB/sUHS-II:	Up	to	312	MB/sUHS-III:	Up	to	624	MB/sExpress:	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	The	SD	card	is	a	proprietary,	non-volatile,	flash	memory	card	format	developed	by	the	SD	Association	(SDA).	They	come	in	three	physical	forms:	the	full-size	SD,	the
smaller	miniSD	(now	obsolete),	and	the	smallest,	microSD.	Owing	to	their	compact	form	factor,	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	format	was	introduced	in	August	1999	as	Secure
Digital	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	enhancements	including	a	digital	rights	management	(DRM)	feature,	a	more	durable	physical	casing,	and	a	mechanical	write-protect	switch.	These	improvements,
combined	with	strong	industry	support,	contributed	to	its	widespread	adoption.	To	manage	licensing	and	intellectual	property	rights,	the	founding	companies	established	SD-3C,	LLC.	In	January	2000,	they	also	formed	the	SD	Association,	a	non-profit	organization	responsible	for	developing	the	SD	specifications	and	promoting	the	format.[3]	As	of
2023,	the	SDA	includes	approximately	1,000	member	companies.	The	association	uses	trademarked	logos	owned	by	SD-3C	to	enforce	compliance	with	official	standards	and	to	indicate	product	compatibility.[4]	In	1994,	SanDisk	introduced	the	CompactFlash	(CF)	format,	one	of	the	first	successful	flash	memory	card	types.[5]	CF	outpaced	several
competing	early	formats,	including	the	Miniature	Card	and	SmartMedia.	However,	the	late	1990s	saw	a	proliferation	of	proprietary	formats	such	as	Sony's	Memory	Stick	and	the	xD-Picture	Card	from	Olympus	and	Fujifilm,	resulting	in	a	fragmented	memory	card	market.[5]	To	address	these	challenges,	SanDisk	partnered	with	Siemens	and	Nokia	in
1996	to	develop	a	new	postage	stamp-sized	memory	card	called	the	MultiMediaCard	(MMC).	While	technically	innovative,	MMC	adoption	was	slow,	and	even	Nokia	was	slow	to	integrate	support	for	it	into	its	mobile	devices.[5]	In	1999,	SanDisk	was	approached	by	Panasonic	(then	known	as	Matsushita)	and	Kioxia	(then	part	of	Toshiba)	to	develop	a
new	format	as	a	second-generation	successor	to	MMC.[6]	The	goal	was	to	create	a	portable,	high-performance	memory	card	with	integrated	security	features	and	broader	interoperability.	Concerned	about	losing	market	share	to	Sony's	proprietary	Memory	Stick,	Toshiba	and	Panasonic	saw	the	collaboration	as	an	opportunity	to	establish	an	open,
industry-backed	standard.[5][7]	Panasonic	and	Toshiba,	who	had	previously	collaborated	on	the	Super	Density	Disc	(a	DVD	precursor),	reused	its	stylized	"SD"	logo	for	the	Secure	Digital	(SD)	card	format.[8]	Anticipating	the	growth	of	MP3	players,	they	also	advocated	for	digital	rights	management	(DRM)	support	seeking	to	reassure	content
publishers	wary	of	piracy.[5][9]	The	DRM	system	adopted—Content	Protection	for	Recordable	Media	(CPRM)—had	been	developed	earlier	in	partnership	with	IBM	and	Intel,	and	Intel	and	complied	with	the	Secure	Digital	Music	Initiative	standard.[10]	Although	often	cited	as	a	factor	in	the	format's	broad	industry	support,	CPRM	was	rarely
implemented	in	practice.[11][12]	SD	cards	also	featured	a	mechanical	write-protect	switch,	and	early	SD	slots	maintained	backward	compatibility	with	MMC	cards.[13]In	early	2000,	the	first	commercial	SD	cards	offering	8	megabyte	(MB)[a]	of	storage	were	released,[14]	with	larger	capacity	versions	following	shortly	after.	By	August	2000,	64	MB
cards	were	being	sold	for	approximately	US$200	(equivalent	to	$365	in	2024).[15]	According	to	SanDisk,	consumer	adoption	was	accelerated	by	Toshiba	and	Panasonic's	commitment	to	launching	compatible	devices	in	parallel	with	the	cards.[5]	To	support	standardization	and	interoperability,	SanDisk,	Toshiba,	and	Panasonic	announced	the	creation
of	the	SD	Association	(SDA)	at	the	January	2000	Consumer	Electronics	Show	(CES).	Headquartered	in	San	Ramon,	California,	the	SDA	initially	included	30	member	companies	and	has	since	grown	to	encompass	around	800	organizations	worldwide.[16]	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).	At	the	March	2003	CeBIT	trade	show,	SanDisk	introduced	and	demonstrated	the	miniSD	card	format.[17]	The	SD	Association	(SDA)	adopted	miniSD	later	that	year	as	a	small-form-factor	extension	to	the	SD	card	standard,	intended
primarily	for	use	in	mobile	phones.	However,	the	format	was	largely	phased	out	by	2008	following	the	introduction	of	the	even	smaller	microSD	card.[18]	The	microSD	format	was	introduced	by	SanDisk	at	CeBIT	in	2004,[19]	initially	under	the	name	T-Flash,[20]	later	rebranded	as	TransFlash	or	TF.	In	2005,	the	SDA	adopted	the	format	under	the
official	name	microSD,[21][22]	though	the	TransFlash	name	remains	in	common	use	as	a	generic	term	for	microSD	cards.[23]	A	passive	adapter	allows	microSD	cards	to	be	used	in	standard	SD	card	slots,	maintaining	backward	compatibility	across	devices.	Back	side	of	a	microSD	card,	showing	its	eight	electrical	contacts	The	storage	capacity	of	SD
cards	increased	steadily	throughout	the	2010s,	driven	by	advances	in	NAND	flash	manufacturing	and	interface	speeds.	In	January	2009,	the	SDA	introduced	the	Secure	Digital	eXtended	Capacity	(SDXC)	format,	supporting	up	to	2	TB	of	storage	and	transfer	speeds	up	to	300	MB/s.[24]	SDXC	cards	are	formatted	with	the	exFAT	file	system	by	default.
[25]	The	first	SDXC	cards	appeared	in	2010,	with	early	models	offering	capacities	of	32	to	64	GB	and	read/write	speeds	of	several	hundred	megabits	per	second.[26]	Consumer	adoption	accelerated	as	digital	cameras,	smartphones,	and	card	readers	gained	SDXC	compatibility.	By	2011,	manufacturers	offered	SDXC	cards	in	64	and	128	GB	capacities,
with	some	models	supporting	UHS	Speed	Class	10	and	faster.[27]	In	the	following	years,	capacity	milestones	were	reached	at	regular	intervals:	256	GB	in	2013,	512	GB	in	2014,	and	1	TB	in	2019.[28]	The	Secure	Digital	Ultra	Capacity	(SDUC)	specification,	announced	in	2018,	expanded	maximum	capacity	to	128	TB	and	increased	theoretical	transfer
speeds	to	985	MB/s.[29]	In	2022,	Kioxia	previewed	the	first	2	TB	microSDXC	card,[30]	and	in	2024,	Western	Digital	announced	the	first	4	TB	SDUC	card,	scheduled	for	commercial	release	in	2025.[31]	There	are	four	defined	SD	capacity	standards:	Standard	Capacity	(SDSC),	High	Capacity	(SDHC),	Extended	Capacity	(SDXC),	and	Ultra	Capacity
(SDUC).	In	addition	to	specifying	maximum	storage	limits,	these	standards	also	define	preferred	file	systems	for	formatting	cards.[25][32][33]	Comparison	of	capacity	standards[25]	SDSC	SDHC	SDXC	SDUC	Mark	Max	capacity	2	GB	32	GB	2	TB	128	TB	File	system	FAT12,	FAT16	FAT32	exFAT	The	original	Secure	Digital	(SD)	card	was	introduced	in
1999	as	a	successor	to	the	MMC	format.	The	name	SD	Standard	Capacity	(SDSC)	was	applied	later	to	distinguish	it	from	newer	variants.	Although	based	on	the	same	electrical	interface	as	MMC,	the	SD	format	introduced	several	enhancements	aimed	at	improving	usability,	durability,	and	performance:	A	notched,	asymmetrical	shape	to	prevent
incorrect	insertion.[34]: 27–28 	Recessed	electrical	contacts	to	protect	against	damage	and	contamination.	A	four-line	data	bus	for	faster	transfers,	compared	to	MMC's	single	data	line.[34]: 17 	A	mechanical	write-protect	switch.[34]: 27 	These	features	came	at	the	expense	of	increased	card	thickness:	2.1	mm	(0.083	in)	for	standard	SD	cards,	compared
to	1.4	mm	(0.055	in)	for	MMC.	A	1.4	mm	Thin	SD	variant	was	also	defined,[34]	but	saw	little	use.	SDSC	cards	support	capacities	up	to	2	GB[b]	and	use	the	FAT12	of	FAT16	file	system.	They	remain	compatible	with	most	SD-capable	devices	but	have	been	largely	superseded	by	higher-capacity	formats.	Because	of	physical	differences,	full-size	SD	cards
do	not	fit	in	slim	MMC-only	slots.	SD	High	Capacity	(SDHC)	was	introduced	in	SD	specification	version	2.0,	released	in	January	2006.[35]	It	expands	the	maximum	capacity	to	32	GB,	compared	to	the	2	GB	limit	of	SDSC.[b][25]	SDHC	cards	are	physically	identical	to	earlier	standard-capacity	SD	(SDSC)	cards,	but	differ	in	how	they	store	and	address
data.	This	includes	a	redefinition	of	the	Card-Specific	Data	(CSD)	register	(for	details,	see	§	Storage	capacity	calculations).	Additionally,	SDHC	cards	are	typically	preformatted	with	the	FAT32	file	system.	SDHC-compatible	devices	are	required	to	support	older	SDSC	cards.	However,	older	SDSC	devices	may	not	recognize	SDHC	cards	without	a
firmware	update.[36]	Older	operating	systems	like	Windows	XP	require	patches	or	service	packs	to	access	SDHC	cards.[37][38][39]	SD	eXtended	Capacity	(SDXC)	was	introduced	in	SD	specification	version	3.01,	released	in	January	2009.[40]	It	expands	the	maximum	capacity	to	2	TB,[c]	compared	to	the	32	GB[b]	limit	of	SDHC.	SDXC	cards	are
formatted	with	the	exFAT	file	system,	which	is	required	by	the	SDXC	standard.[41][25]	While	Windows	Vista	SP1	and	later	and	Mac	OS	X	10.6.5	and	later	support	exFAT	natively,[42][43][44]	support	in	BSD	and	Linux	distributions	was	limited	until	Microsoft	released	the	exFAT	specification	and	Linux	kernel	5.4	included	an	open-source	driver.[45]
SDXC	cards	can	be	reformatted	to	other	file	systems	(e.g.,	ext4,	UFS,	VFAT	or	NTFS),	which	may	improve	compatibility	with	older	devices	or	systems	lacking	exFAT	support.	Many	SDHC-compatible	hosts	can	use	SDXC	cards	if	reformatted	to	FAT32,	but	full	compatibility	is	not	guaranteed.[46][47][48]	SD	Ultra	Capacity	(SDUC)	was	introduced	in	SD
specification	version	7.0,	released	in	June	2018.	It	expands	the	maximum	capacity	to	128	TB,[c]	compared	to	the	2	TB	limit	of	SDXC.[49]	Like	SDXC	cards,	SDUC	cards	use	the	exFAT	file	system	by	default.	Bus	marks	indicate	both	the	bus	interface	and	the	minimum	data	transfer	performance	of	a	device	(as	opposed	to	speed	class	ratings	which
indicate	card	performance)	in	terms	of	sustained	sequential	read	and	write	speeds.	These	are	most	relevant	for	handling	large	files—such	as	photos	and	videos—where	data	is	accessed	in	contiguous	blocks.	The	SD	specification	has	improved	bus	speed	performance	over	time	by	increasing	the	clock	frequency	used	to	transfer	data	between	the	card
and	the	host	device.	Regardless	of	the	bus	speed,	a	card	may	signal	that	it	is	"busy"	while	completing	a	read	or	write	operation.	Compliance	with	higher-speed	bus	standards	typically	reduces	reliance	on	this	"busy"	signal,	allowing	for	more	efficient	and	continuous	data	transfers.	Comparison	of	bus	speeds[50]	Interface	Mark	Bus	Capacity	standard
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	Half	1.10	UHS-I	50	MB/s	Half	No	3.01	104	MB/s	UHS-II	156	MB/s	Full	4.00,4.10	312	MB/s	Half	UHS-III	312	MB/s	Full	6.00	624	MB/s	SD	Express	985	MB/s	3.1	×1	—	7.00,7.10	1,969	MB/s	3.1	×2,	4.0	×1	8.0	3,938	MB/s	4.0	×2	Bus
speed	of	host	and	card	combinations	(in	MB/s)[49]	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	3,938	The	original	SD
bus	interface,	introduced	with	version	1.00	of	the	SD	specification,	supported	a	maximum	transfer	rate	of	12.5	MB/s.	This	mode	is	referred	to	as	Default	Speed.	With	version	1.10	of	the	specification,	the	SD	Association	introduced	High-Speed	mode,	which	increased	the	maximum	transfer	rate	to	25	MB/s.	This	enhancement	was	designed	to	meet	the
growing	performance	requirements	of	devices	such	as	digital	cameras.[51]	The	Ultra	High	Speed	(UHS)	bus	interface	enables	faster	data	transfer	on	SDHC,	SDXC	and	SDUC	cards.[51][52]	UHS-compatible	cards	are	marked	with	Roman	numerals	next	to	the	SD	logo,	indicating	the	version	of	the	UHS	standard,	and	therefore	the	bus	speeds,	they
support.[51][53]	These	cards	offer	significantly	faster	read	and	write	speeds	than	earlier	SD	card	types,	making	them	well	suited	for	high-resolution	video,	burst	photography,	and	other	data-intensive	applications.	To	achieve	higher	transfer	speeds,	UHS	cards	and	devices	use	specialized	electrical	signaling	and	hardware	interfaces.	UHS-I	cards
operate	at	1.8	V	instead	of	the	standard	3.3	V	and	use	a	four-bit	transfer	mode.	UHS-II	and	UHS-III	introduce	a	second	row	of	interface	pins	to	add	a	second	lane	of	data	transfer	and	use	low-voltage	differential	signaling	(LVDS)	at	0.4	V	to	increase	speed	and	reduce	power	consumption	and	electromagnetic	interference	(EMI).[54][50]	The	following
UHS	speed	classes	are	defined:	Support	for	the	UHS-I	interface	was	introduced	in	SD	specification	version	3.01,	released	in	May	2010.	This	version	added	several	new	transfer	modes:	SDR50,	which	uses	a	100	MHz	clock	with	single	data	rate	signaling	to	reach	up	to	50	MB/s;	DDR50,	a	double	data	rate	mode	at	50	MHz	that	transfers	data	on	both
clock	edges	for	up	to	50	MB/s;	and	SDR104,	which	increases	the	clock	speed	to	208	MHz,	enabling	transfer	rates	up	to	104	MB/s.[40]	In	2018,	SanDisk	developed	a	proprietary	mode	unofficially	known	as	DDR200,	which	combines	double	data	rate	signaling	with	a	208	MHz	clock	to	achieve	read	speeds	of	up	to	1170	MB/s	without	requiring	additional
pins.	Write	speeds	remain	limited	to	104	MB/s,	similar	to	SDR104.	These	higher	speeds	are	typically	used	when	offloading	data	from	cards	via	specialized	readers.[55][56]	In	2022,	SanDisk	introduced	DDR225,	further	increasing	performance	to	up	to	200	MB/s	read	and	140	MB/s	write.	Although	neither	mode	is	officially	part	of	the	SD	specification,
although	they	have	been	adopted	by	several	other	manufacturers.[57][58]	Back	side	of	a	UHS-II	microSD	card,	showing	the	additional	row	of	contacts	Support	for	the	UHS-II	interface	was	introduced	in	SD	specification	version	4.0,	released	in	January	2011.	It	added	two	new	transfer	modes:	FD156,	supporting	up	to	156	MB/s	full-duplex,	and	HD312,
enabling	up	to	312	MB/s	half-duplex.	These	speeds	required	a	second	row	of	connectors	for	LVDS,	bringing	the	total	to	17	for	full-size	cards	and	16	for	microSD	cards.[51][59]	Each	LVDS	lane	can	transfer	up	to	156	MB/s.	In	full-duplex	mode,	one	lane	is	used	for	sending	data	and	the	other	for	receiving.	In	half-duplex	mode,	both	lanes	operate	in	the
same	direction.	While	initial	adoption	began	in	cameras	around	2014,	wider	implementation	took	several	more	years,	as	few	applications	required	the	extra	speed	provided	by	the	interface.[60]	As	of	2025[update],	only	about	100	cameras,	mostly	high-end	models,	support	UHS-II	cards.[61]	Support	for	the	UHS-III	interface	was	introduced	in	SD
specification	version	6.0,	released	in	February	2017.	It	added	two	new	full-duplex	transfer	modes:	FD312,	offering	up	to	312	MB/s,	and	FD624,	doubling	that	to	624	MB/s.[62]	UHS-III	retains	the	same	physical	interface	and	pin	layout	as	UHS-II	for	backward	compatibility.[63]	However,	as	of	2025[update],	UHS-III	has	seen	limited	adoption	and	is
unlikely	to	be	widely	implemented,	as	the	SDA	instead	prioritizes	SD	Express,	which	offers	even	higher	transfer	rates	but	limits	backward	compatibility	to	UHS-I	speeds.[64][65]	Front	and	back	of	an	SD	Express	card	SD	Express	was	introduced	in	SD	specification	version	7.0,	released	in	June	2018.	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.	SD	Express	cards	support	direct	memory	access	(DMA),	which	can	improve	performance,	though	security	researchers	have	warned	that	it	may	also	increase	the	attack	surface	in	the	event	of	a	compromised	or	malicious	card.
[66]	Compatible	cards	must	support	both	PCIe	and	NVMe,	and	may	be	formatted	as	SDHC,	SDXC,	or	SDUC.	For	backward	compatibility,	SD	Express	cards	are	also	required	to	support	the	High-Speed	and	UHS-I	bus	interfaces.	However,	because	the	PCIe	interface	reuses	the	second	row	of	pins	previously	used	by	UHS-II	and	UHS-III,	compatibility
with	older	devices	is	limited	to	UHS-I	speeds.	The	specification	also	reserves	space	for	two	additional	pins	for	future	use.[67]	In	February	2019,	the	SD	Association	introduced	microSD	Express,[68]	along	with	updated	visual	marks	to	help	users	identify	compatible	cards	and	devices.[69]	SD	specification	version	8.0,	released	in	May	2020,	expanded
the	interface	to	support	PCIe	4.0	and	introduced	dual-lane	configurations	for	full-size	cards	by	adding	a	third	row	of	electrical	contacts,	bringing	the	total	to	26.	This	raised	the	theoretical	maximum	transfer	rate	to	3,938	MB/s	using	dual-lane	PCIe	4.0.[70]	Due	to	space	constraints,	the	microSD	form	factor	cannot	accommodate	a	third	row	of	contacts
and	remains	limited	to	a	single	PCIe	lane.	Adoption	has	been	gradual.	In	February	2024,	Samsung	began	sampling	its	first	microSD	Express	cards,[71]	though	commercial	availability	remained	limited.	Interest	grew	in	April	2025	when	Nintendo	announced	that	the	Switch	2	would	support	only	microSD	Express	cards,	with	UHS-I	card	support	limited
to	transferring	media	from	earlier	models.[72]	As	of	June	2025[update],	only	single-lane	PCIe	3.1	SD	Express	cards	are	commercially	available;	no	PCIe	4.0	or	dual-lane	cards	have	been	released	for	general	sale.[60][73]	Comparison	of	card	speed	class	ratings[74]	Min	speed	Speed	Class	Video	format[d]	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)	Speed	Class	ratings	were	introduced	to	indicate	the	minimum	data	transfer	performance	of	an	SD	card	(as	opposed	to	bus	speed	rating,	which	indicates	device	performance)	in	terms	of	sustained	sequential	write	performance.	This	performance	is	important	when	transferring	large	files,	especially	during	tasks	like	video	recording,	which
requires	consistent	throughput	to	avoid	dropped	frames.[53]	Where	speed	classes	overlap,	manufacturers	often	display	multiple	symbols	on	the	same	card	to	indicate	compatibility	with	different	host	devices	and	standards.	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.[40]	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.[75]	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.[76][53][77][78]	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.[79][80]	SD	Express	speed	class	ratings—E150,	E300,	E450,	and	E600—specify	minimum	sustained	write	speeds	of	150,	300,	450,	and	600	MB/s,	respectively.[81]	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.[81]	Rating	Approx.(MB/s)	Comparablespeed	class	16×	2.34	(13×)	32×	4.69	(27×)	48×	7.03	(40×)	100×	14.6	(67×)	Main	article:	CD	and	DVD	writing	speed
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),[e]	but	this	approach	was	inconsistent	and	often	unclear.	It	was	later	replaced	by	standardized	Speed	Class	systems	that	specify	guaranteed	minimum	write	speeds.[40][77][82][83]	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.[84]	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.[85]	Comparison	of	Application	Performance	Class	ratings[86]	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	introduced	in	2016	to	identify	SD	cards	capable	of	reliably	running	and	storing	applications,
alongside	general-purpose	tasks	such	as	saving	photos,	videos,	music,	and	documents.	Earlier	SD	card	speed	ratings	focused	on	sequential	read	and	write	performance,	which	is	important	when	transferring	large	files.	However,	running	apps	and	operating	systems	involves	frequent	access	to	many	small	files—a	pattern	known	as	random	access—
which	places	different	demands	on	storage.[87]	Before	the	introduction	of	the	Application	Performance	Classes,	random	access	performance	could	vary	significantly	between	cards	and	presented	a	limiting	factor	in	some	use	cases.[84][85][88]	As	SD	cards	saw	broader	use	for	app	storage	and	system	boot	volumes—especially	in	mobile	devices,	single-
board	computers,	and	embedded	systems—a	new	performance	metric	became	necessary.[87]	This	need	became	more	pressing	with	Android's	Adoptable	Storage	feature,	which	allows	SD	cards	to	function	as	internal	(non-removable)	storage	on	smartphones	and	tablets.[89]	To	address	this,	the	SD	Association	introduced	Application	Performance
Classes.	The	first,	A1,	defined	in	SD	Specification	5.1	(released	November	2016),	requires	a	minimum	of	1,500	input/output	operations	per	second	(IOPS)	for	reading	and	500	IOPS	for	writing,	using	4	kB	blocks.	The	higher-tier	A2	class,	defined	in	Specification	6.0	(released	in	February	2017),	raises	the	thresholds	to	4,000	read	and	2,000	write	IOPS.
However,	achieving	these	speeds	requires	host	device	support	for	command	queuing	and	write	caching,	features	that	allow	the	card	to	optimize	the	execution	of	multiple	simultaneous	tasks	and	temporarily	store	data.[90]	If	not	properly	supported,	performance	will	fall	back	to	A1	levels.	Both	A1	and	A2	cards	must	also	sustain	a	minimum	sequential
write	speed	of	10	MB/s,	equivalent	to	speed	classes	C10,	U1	and	V10.[91]	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.[92][93]	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.[94]	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]	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".[95]	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.[96]	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.[97]	Some	of	the	earliest	versions	of	microSD	memory	cards	with	secure	elements
were	developed	in	2009	by	DeviceFidelity,	Inc.,[98][99]	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.[100]	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.[101][102][103]	Various	implementations	of	smartSD	cards	have	been	done	for	payment	applications	and	secured	authentication.[104][105]	In	2012	Good	Technology	partnered	with	DeviceFidelity	to	use	microSD	cards	with	secure	elements
for	mobile	identity	and	access	control.[106]	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,[107][108][109]	while	others	were	part	of	innovative	new	direct-to-consumer	neobank	programs	such	as	moneto,	first	launched	in	2012.[110][111][112][113]	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.[114]	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.[115][116]	This	was	the	first	time	regular	mobile	phones
could	be	used	to	open	doors	without	need	for	electronic	access	keys.	Eye-Fi	Mobi	16	GB	card	with	integrated	Wi-Fi	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.	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.	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.[117]	In	2011,	SanDisk	offered	various	collections	of	1000	songs	on	a	single	slotMusic	card	for	about	$40,[118]	now	restricted	to	compatible	devices
and	without	the	ability	to	copy	the	files.	Integrated	USB	connector	–	Several	companies	produce	SD	cards	with	built-in	USB	connectors	allowing	them	to	be	accessed	by	a	computer	without	a	card	reader.[119]	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.[120]	Secure	Digital	Input	Output	(SDIO)	mark	Camera	using	the	SDIO	interface	to	connect	to	some	HP	iPAQ	devices	SDIO	(Secure	Digital	Input	Output)	is	an	extension	of	the	SD	specification	that	supports	input/output	(I/O)	devices	in	addition	to	data	storage.[121]	SDIO	cards	are	physically	and	electrically
identical	to	standard	SD	cards	but	require	compatible	host	devices	with	appropriate	drivers	to	utilize	their	I/O	functions.	Common	examples	included	adapters	for	GPS,	Wi-Fi,	cameras,	barcode	readers,	and	modems.[122]	SDIO	was	not	widely	adopted.	Host	devices	that	comply	with	newer	versions	of	the	specification	provide	backward	compatibility
and	accept	older	SD	cards.[36]	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,[32]	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.[51]	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[f]	FAT16,	<	4	GB[f]	FAT16,	<	4	GB[f]	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	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]	A	microSD	card	in	a	smartphone	tray	microSD	cards	are	widely	used	in	mobile	phones	to	expand	storage,	offering	offline,	low-latency	access	that	benefits	tasks	like	photography,	video	recording,	and	file	transfers,	especially	in	areas	with	limited	connectivity	or	costly	data	plans.[123]	Data	on	removable	cards	can	also	be
preserved	independently	of	device	failure,	aiding	recovery.	Support	for	microSD	is	prevalent	in	Android	smartphones.[124]	In	contrast,	Apple	has	never	included	microSD	card	slots	in	the	iPhone,	relying	solely	on	built-in	flash	storage	and	cloud	services.[125]	SD	card	in	a	DSLR	camera	Secure	Digital	memory	cards	can	be	used	in	Sony	XDCAM	EX
camcorders	with	an	adapter.[126]	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[127]	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.[43]	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).[128]	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.[129]	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.[130]	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).[131]	Prerecorded	microSDs	have	been	used	to	commercialize	music	under	the	brands	slotMusic	and	slotRadio	by	SanDisk	and	MQS	by	Astell	&	Kern.	Commonly	found	on	the	market
are	mislabeled	or	counterfeit	Secure	Digital	cards	that	report	a	fake	capacity	or	run	slower	than	labeled.[132][133][134]	Software	tools	exist	to	check	and	detect	counterfeit	products,[135][136][137]	and	in	some	cases	it	is	possible	to	repair	these	devices	to	remove	the	false	capacity	information	and	use	its	real	storage	limit.[138]	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).	Genuine	Samsung	microSD	(left)	and	counterfeit	(right).	The	counterfeit	claims	to	have	64	GB	of	capacity,	but	when	trying	to	write	more	than	8	GB,	data	loss	occurs.	Images	of	genuine,	questionable,	and	counterfeit	microSD	cards	before	and	after	decapsulation.
Details	at	source.	Size	comparison	of	families:	SD	(blue),	miniSD	(green),	microSD	(red)	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.	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.[139]	microSD,	microSDHC,	microSDXC,	microSDUC	15	mm	×	11	mm	×	1	mm	(19⁄32	in	×	7⁄16	in	×	3⁄64	in)	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.[140]	Official	pin	numbers	for	4	card	types	(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[94]	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[94]	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[94]	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.[40]	Through	issuing	various	commands,	the	host	device	can:[40]	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.[40]	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.[40]	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.[40]	Between	commands,
the	host	device	can	stop	the	clock	entirely.	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[g]):	FAT12	with	partition	type	01h	and	BPB	3.0	or	EBPB	4.1[141]	Capacity	of	32,680	to	65,535	logical	sectors	(between	16	MB	and	32	MB):[g]	FAT16	with	partition	type	04h	and	BPB	3.0	or	EBPB	4.1[141]	Capacity	of	at	least	65,536	logical	sectors	(larger	than	32	MB):[g]	FAT16B	with
partition	type	06h	and	EBPB	4.1[141]	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,[142]	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[g]	(65,536	logical	sectors	or	more),	but	not	more	than	2	GB,[b]	FAT16B	with	partition	type	06h
and	EBPB	4.1[141]	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[b]	at	all.	The	SDXC	specification	mandates	the	use	of	Microsoft's	proprietary	exFAT	file	system,[143]	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.[144]	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.[145]	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.[145]	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).[146]	Standby	current	is	much	lower,	less	than	0.2	mA	for	one	2006	microSD	card.[147]	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[94]	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,[148]	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.[149][150]	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.[b]	Version	1.01	let	an	SDSC	card	use	a	4-bit	field	to	indicate	1,024	or	2,048	bytes	per	block	instead.[40]	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[b]	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.[40]	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.[40]	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]	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	same	physical	die.[151][152]	Various	passive	adapters	are	available	to	allow	smaller	SD	cards	to	work	in	larger	SD	card	slots.	Dismantled	microSD	to	SD	adapter	showing	the	passive	connection	from
the	microSD	card	slot	on	the	bottom	to	the	SD	pins	on	the	top.	MicroSD-to-SD	adapter	(left),	microSD-to-miniSD	adapter	(middle),	microSD	card	(right).	MiniSD	memory	card	including	adapter.	microSD	card	(left),	microSD	to	SD	card	adapter	(right).	microSD	card	inserted	into	microSD	to	SD	card	adapter.	The	SD	format	was	introduced	in	August
1999.[7]	Like	most	memory	card	formats,	SD	is	covered	by	patents	and	trademarks.	Royalties	apply	to	the	manufacture	and	sale	of	SD	cards	and	host	adapters,	with	the	exception	of	SDIO	devices.	As	of	2025,	the	SD	Association	(SDA)	charged	annual	membership	fees	of	US$2,500	for	general	members	and	US$4,500	for	executive	members.[153]	Early
versions	of	the	SD	specification	were	only	available	under	a	non-disclosure	agreement	(NDA),	which	restricted	the	development	of	open-source	drivers.	Despite	these	limitations,	developers	reverse-engineered	the	interface	and	created	free	software	drivers	for	SD	cards	that	did	not	use	digital	rights	management	(DRM).[154]	In	2006,	the	SDA	began
publishing	a	"Simplified	Specification"	under	a	less	restrictive	license.	It	includes	documentation	for	the	physical	layer,	SDIO,	and	certain	extensions,	allowing	broader	implementation	without	requiring	an	NDA	or	paid	membership.[155][156]	History	of	SD	Specification	Versions	Ver.	Year	Notable	changes	Refs	1.00	2000	Preliminary	specification	—
1.01	2001	Minor	updates	[34]	1.10	2006	Official	initial	release	[157]	2.00	Added	SDHC	and	Speed	Classes	C2,	C4,	and	C6[158]	[35]	3.01	2010	Added	SDXC,	UHS-I	bus	and	Speed	Class	C10/UHS	Speed	Class	U1	[40]	4.10	2013	Added	UHS-II	bus,	UHS	Speed	Class	U3,	and	enhanced	power	and	function	support	[140]	5.00	2016	Added	Video	Speed
Classes	V6,	V10,	V30,	V60,	and	V90	[159]	5.10	Added	Application	Performance	Class	A1	[90]	6.00	2017	Added	Application	Performance	Class	A2	(with	command	queuing	and	write	caching)	and	Card	Ownership	Protection	[62]	7.10	2020	Added	SD	Express,	microSD	Express,	SDUC,	and	made	CPRM	optional	[160]	8.00	Added	PCIe	4.0,	added	dual-lane
PCIe	on	full-size	cards	[161]	9.00	2022	Introduced	new	security	features	and	enhanced	write	protection	[94]	9.10	2023	Added	SD	Express	Speed	Classes	E150,	E300,	E450,	and	E600	[162]	Size	comparison	of	various	flash	cards:	SD,	CompactFlash,	MMC,	xD	Comparison	of	memory	cards	Microdrive	Universal	Flash	Storage	^	except	where	indicated
otherwise,	1	MB	equals	one	million	bytes	^	a	b	c	d	e	f	g	here,	1	GB	=	1	GiB	=	230	B	^	a	b	here,	1	TB	=	10244	B	^	The	necessary	recording	and	playback	speed	class	requirements	may	vary	by	device.	^	1	KB	=	1024	B	^	a	b	c	See	discussion	about	storage	capacity	and	compatibilities.	^	a	b	c	d	here,	MB	=	10242	B	^	a	b	"4	Features	and	Benefits	of	a
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Speed	Tests	Types	of	Memory	Cards	and	Sizes	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.	The	movie	projection	industry	uses	4096 
× 2160	(DCI	4K).	In	television,	3840 × 2160	(4K	UHD)	with	a	16:9	aspect	ratio	is	the	dominant	standard.	Many	4K	Blu-ray	releases	of	ultrawide	films	use	a	letterboxed	form	of	this,	keeping	the	horizontal	resolution	of	3840	pixels	while	the	effective	vertical	resolution	is	about	1600-1620	pixels.[citation	needed]	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
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approximately	4,000	pixels.[1]	Digital	television	and	digital	cinematography	commonly	use	several	different	4K	resolutions.	The	movie	projection	industry	uses	4096 × 2160	(DCI	4K).	In	television,	3840 × 2160	(4K	UHD)	with	a	16:9	aspect	ratio	is	the	dominant	standard.	Many	4K	Blu-ray	releases	of	ultrawide	films	use	a	letterboxed	form	of	this,
keeping	the	horizontal	resolution	of	3840	pixels	while	the	effective	vertical	resolution	is	about	1600-1620	pixels.[citation	needed]	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 × 4320	Rec.	2020	–	ITU-R	recommendation	for	UHDTV,	defining	formats	with	resolutions	of	4K	(3840 × 2160)	and	8K	(7680 × 4320)	Ultrawide	formats	^	Goulekas,	Karen	(2001).	Visual	Effects	in	a	Digital	World.	Morgan	Kaufmann.	p.	587.
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Closed	captioning	(links	|	edit)	View	(previous	50	|	next	50)	(20	|	50	|	100	|	250	|	500)	Retrieved	from	"	WhatLinksHere/4K_resolution"	Tablet	computer	family	by	Amazon	Amazon	Fire	HD	Kindle	Fire	HDFire	HD	8.9"	(2012)DeveloperAmazonManufacturerQuanta	ComputerTypeTablet	computerOperating	systemFire	OSCPUARM	core	(see
table)MemoryAll	models	pre-2016	-	1	GB	RAM	Fire	HD	8	(2016,	2017	&	2018)	-	1.5	GB	RAM	Fire	HD	10	(2017	&	2019),	Fire	HD	8	(2020	&	2022)	-	2	GB	RAM	Fire	HD	8	Plus	(2020	&	2022),	Fire	HD	10	(2021	&	2023)	-	3	GB	RAM	Fire	HD	10	Plus	(2021),	Fire	Max	11	(2023)	-	4	GB	RAM	Fire	HD	8	(2024)	-	3	or	4	GB	RAMStorage8–128	GB	Flash
(internal)Removable	storageMicroSDXC	slot	(Fire	HD	8,	Fire	HD	10,	&	Fire	Max	11)Display6",	7",	8",	8.9",	10.1",	11"	LCDSoundStereo	speakersCameraKindle	Fire	HD	7	&	8.9	(2012)	-	Only	front	facing	camera	Kindle	Fire	HD	7	(2013)	-	None	All	models	2014	and	newer	-	Both	rear	and	front	facing	camerasConnectivityMicro-USB	2.0	(type	B,	pre-2019
models)	USB-C	2.0	(2019	and	newer	models),	USB	audio	on	Fire	Max	11	Micro-HDMI	(2012	7"	&	8.9"	models)	3.5mm	stereo	jack	(except	Fire	Max	11)	802.11	Wi-Fi	4G	LTE	(8.9"	2012	model)[1]	Bluetooth[2]Online	servicesAmazon	Prime,	Amazon	Cloud	Storage,	Amazon	Cloud	Player,	Amazon	video,	Amazon	Silk,	Amazon	Appstore,	Amazon	Kindle
StorePredecessorKindle	FireSuccessorFire	HDXWebsiteAmazon	Fire	HD	Amazon	Fire	HD	8	2022	(12th	Generation)	screen	in	factory	settings	The	Fire	HD,	also	known	as	Kindle	Fire	HD	prior	to	2014,	is	a	member	of	the	Amazon	Fire	family	of	tablet	computers.	Fire	HD	refers	to	Amazon	Fire	family	tablets	with	HD	resolution	displays.[3]	These	devices
run	the	Fire	OS	operating	system.	The	first	Fire	HD	model	was	announced	on	September	6,	2012,	and	was	available	in	two	versions:	7"	and	8.9".	The	7"	model	was	released	in	the	United	States	on	September	14,	France,	Germany,	Italy,	Spain	and	the	United	Kingdom	on	October	25	and	in	Japan	on	December	18.	The	8.9"	model	was	released	on
November	20	in	the	United	States,	in	Japan	on	March	12,	2013,	in	Germany	on	March	13,	and	in	India	on	June	27.[4][5][6][7][8][9]	On	September	25,	2013,	an	updated	Fire	HD	7	was	quietly	announced	alongside	the	newly	debuted	flagship	Kindle	Fire	HDX	line.[10]	It	was	available	as	a	pre-order	until	the	official	ship	date	of	October	2,	2013.	Changes
include:	price	reduction	to	$139,	processor	speed	upgraded	to	1.5	GHz,	firmware	upgrade	from	the	unnamed	"Android	based"	OS	to	a	compatible	proprietary	fork	of	Android	named	Fire	OS	3,	removal	of	the	front	camera,	new	shell	form	factor,	and	decreased	available	storage	options.	On	October	2,	2014,	the	next	revision	of	Fire	HD	models	were
released,	part	of	the	Fire	Tablet's	fourth	generation,	with	6-inch	and	7-inch	touchscreen	sizes.	In	addition,	the	Fire	HD	Kids	Edition	was	released,	which	is	the	same	device	as	the	Fire	HD	6	except	it	comes	with	a	case	and	one-year	subscription	to	Kindle	Freetime	apps.[11]	The	branding	"Kindle"	was	officially	removed	from	the	tablets'	name.[12]	In
September	2015,	Amazon	released	a	new	range	of	Fire	tablets	with	7-,	8-,	and	10.1-inch	sizes.	The	7-inch	was	simply	called	the	Fire	7,	while	the	8-inch	and	10.1-inch	were	called	Fire	HD	8	and	Fire	HD	10	respectively.	Amazon	had	ended	the	HDX	line	after	two	generations	and	the	new	model	range	shifted	the	entire	Fire	tablet	line	down-market,	with
Fire	7	as	the	lowest	priced	Fire	tablet	at	$50.	All	4th	and	5th	generation	Fire	HD	models	use	the	same	quad-core	MediaTek	System-on-a-Chip	(SoC)	with	1	GB	of	RAM.	In	September	2016,	Amazon	announced	the	release	of	the	updated	Fire	HD	8	which	includes	the	virtual	assistant	Alexa,[13]	priced	at	US$89.99.	Fortune	reported	that,	"As	with	most	of
Amazon's	devices,	the	aim	isn't	to	make	money	off	of	the	hardware	but	instead	to	sell	digital	content	such	as	books,	movies,	and	TV	shows	to	users".[14]	The	new	model	also	included	a	faster	SoC	and	1.5	GB	of	RAM.	On	June	17,	2017,	the	seventh	Generation	Fire	HD	8	was	released.	Some	differences	between	the	6th	and	7th	Generation	HD	8	models
were	the	price,	the	gyroscope	removal,	the	increase	of	maximum	SD	card	expansion,	and	the	better	graphics	chip.	On	October	11,	2017	the	7th	gen	Fire	HD	10	was	released.	It	included	a	full	HD	1920	by	1200	pixel	display	and	a	faster	SoC	and	2	GB	of	RAM.	In	September	2018,	Amazon	released	a	refresh	of	the	Fire	HD	8/Kids	Edition.	The	price
remained	the	same	as	last	year's	model	with	minor	upgrade	on	the	hardware	where	the	external	storage	is	expandable	to	400	GB	and	the	front	camera	was	updated	to	2	MP.	On	the	software	side,	the	2018	model	is	preinstalled	with	Fire	OS	6	that	allows	hands-free	Alexa	control.	On	October	7,	2019,	Amazon	announced	an	update	to	the	Fire	HD	10
that	was	released	on	October	30,	2019.	The	major	hardware	differences	compared	to	the	previous	version	were	replacement	of	microUSB	with	USB-C,	a	faster	processor	(upgraded	from	Quad-Core	up	to	1.8	GHz	to	Octa-core	2.0	GHz,	which	Amazon	claims	is	30%	faster	than	the	previous	one)	and	battery	life	that	is	2	hours	longer	than	the	previous
generation.	The	screen	size	and	price	remained	unchanged.	A	new	color	option,	white,	was	also	added.	In	2020,	the	Fire	HD	8	was	updated	with	a	faster	64-bit	quad-core	SoC,	more	storage	(from	16/32	GB	to	32/64	GB),	USB-C,	brighter	display,	enhanced	wifi	fidelity,	a	new	front	camera	location	(for	landscape	video	chats	instead	of	portrait),	and	Fire
OS	7	(based	on	Android	9).	It	came	in	two	versions:	2	GB	RAM	(HD	8)	and	3	GB	RAM	(HD	8	Plus).	The	3	GB	RAM	version,	which	enabled	more	memory-intensive	apps,	was	available	only	in	US,	UK,	DE,	and	JP	marketplaces.	In	2021,	the	Fire	HD	10	was	refreshed	with	a	new	front	camera	location	(for	landscape	video	chats	instead	of	portrait)	and
slimmer	side	bezels,	leading	to	a	more	symmetrical	design.	Also,	wireless	charging	was	introduced	for	the	"HD	10	Plus"	model.	The	HD	10	Plus	also	has	4	GB	of	RAM.	On	September	20,	2022,	Amazon	announced	an	update	to	the	HD	8	as	a	12th	generation	model.[15]	The	new	model	is	the	first	to	run	the	new	Fire	OS	8.	It	also	has	a	faster	SoC	and
improved	battery	life.	In	2023,	Amazon	released	an	all	new	size	of	Fire	tablet	called	Fire	Max	11.	The	device	features	a	larger	display	at	11"	with	official	USI2.0	stylus	support,	pogo	pins	for	an	external	keyboard,	and	a	fingerprint	sensor.	All	Max	11	have	a	partially	recycled	aluminum	rear	housing	instead	of	plastic.[16]	All	are	new	technologies	to	Fire
tablets.	A	short-lived	option	for	an	aluminum	rear-housing	was	available	for	the	5th	gen	HD	10	and	was	not	continued	on	later	gens.[17]	It	also	features	newer	hardware	such	as	a	faster	and	more	efficient	octa-core	SoC,	4	GB	RAM,	8	MP	cameras,	WiFi	6,	and	Bluetooth	5.3	BLE.	Despite	the	change	of	naming	convention	Amazon	considers	the	Max	11
to	be	in	the	Fire	HD	series.[18]	On	September	20,	2023,	Amazon	held	a	Device	&	Services	event	where	they	announced	two	new	Kids	models,	the	HD	10	Kids	and	HD	10	Kids	Pro.[19]	Both	have	an	MSRP	of	$189.99.	Older	models	based	on	the	2021	HD	10	were	discounted	to	a	sale	price	of	$139.99	from	$199.99.[20]	The	product	descriptions	show	the
new	models	as	variants	of	the	otherwise	unannounced	2023	release	for	the	13th	gen	Fire	HD	10.[21]	Shortly	after	the	event	official	Amazon	store	pages	and	documentation	showed	a	new	2023	model	of	the	HD	10	with	the	model	number	KFTUWI.[22]	It	has	new	hardware	features	from	the	Max	11	such	as	active	stylus	and	detachable	keyboard
support.	The	product	page	for	the	device	listed	it	as	a	pre-order	for	$139.99	and	to	be	available	on	October	18,	2023.[23]	On	October	2,	2024,	the	Fire	HD	8	was	refreshed	with	more	RAM.[24]	The	2024	model	is	still	part	of	the	12th	generation	of	Fire	tablets	and	the	hardware	specs	are	nearly	identical	to	the	2022	Fire	HD	8	Plus	model.	Amazon	did
not	release	a	Plus	model	in	the	2024	refresh,	and	the	2024	HD	8	does	not	gain	the	wireless	charging	feature.	Instead,	the	HD	8	is	available	with	32	GB	of	storage	and	3	GB	of	RAM	or	64	GB	of	storage	and	4	GB	of	RAM.[25]	Externally,	the	case	colors	were	changed	to	black,	emerald,	and	hibiscus.	The	Fire	tablets	feature	multi-touch	touchscreen	LCD
screens.	The	first	generation	7"	model	contains	a	Texas	Instruments	OMAP	4460	processor,	while	the	8.9"	model	uses	an	OMAP	4470	processor.[26]	All	three	models	feature	Dolby	audio	and	stereo	speakers.	The	7"	model's	speakers	are	dual-driver,	while	the	8.9"	model's	are	single-driver.[26]	The	device	has	two	Wi-Fi	antennas	on	the	2.4	GHz	and
5	GHz	bands	which	utilize	MIMO	to	improve	reception.[26]	The	Fire	HD	also	added	Bluetooth	connectivity	allowing	users	to	connect	an	array	of	wireless	accessories	including	keyboards.[26]	The	first	generation	models	have	an	HDMI	port,	but	this	is	missing	from	future	generations.	In	June	2016,	Amazon	released	a	version	of	the	fifth-generation	Fire
HD	10	that	has	an	aluminum	exterior	instead	of	plastic	like	the	other	Fire	tablets,	and	is	available	at	the	same	price	as	the	plastic	version.[27]	The	first	Fire	HD	model	to	get	an	octa-core	processor	was	the	HD	10	tablet	released	in	2019.	USB-C	replaced	the	microUSB	for	charging	in	the	HD	10	in	2019	and	the	HD	8	in	2020.	The	position	of	the	front-
facing	camera	was	redesigned	to	permit	landscape	video	chats	in	the	HD	8	in	2020	and	the	HD	10	in	2021.	Also	higher	RAM	versions	were	released:	3	GB	RAM	in	the	HD	8	Plus	in	2020	and	4	GB	RAM	in	the	HD	10	Plus	in	2021.	In	2023,	the	introduction	of	the	Fire	Max	11	added	many	new	features	and	technologies	to	the	Fire	tablet	line.	Most	notably
it	included	active	stylus	support.	All	previous	models	were	limited	to	simple	capacitive	styluses	that	behave	like	a	finger,	without	any	enhanced	accuracy	or	features	that	active	styluses	are	capable	of.	The	Max	11	also	included	a	fingerprint	sensor	on	the	power	button,	as	well	as	a	special	connector	for	an	external	keyboard.	It	was	the	first	Fire	model
to	ship	without	a	3.5	mm	headphone	socket,	instead	using	USB	audio	over	the	USB-C	connector.	See	also:	Fire	OS	The	2012	models	use	software	that	introduced	user	profiles	for	sharing	among	family	members	and	the	ability	to	place	absolute	limits	on	total	usage	or	usage	of	individual	features,	called	FreeTime,	and	tracks	the	user's	reading	speed	to
predict	when	the	user	will	finish	a	chapter	or	book.	The	OS	is	based	on	a	version	of	Android	4.0.3	"Ice	Cream	Sandwich".	This	does	not	allow	use	of	Google	Play,	limiting	the	number	of	apps	accessible	for	the	Fire	HD.	Fire	HD	software	updates	can	be	received	OTA	or	from	the	support	websites.[2][28][29]	The	Fire	HD	7"	second	generation	used	Fire
OS	3.	Note	that	although	this	version	is	called	the	Fire	HD	7",	it	is	not	the	successor	to	the	original	Fire	HD.	This	model	is	the	successor	to	the	Fire	second	generation.	The	Fire	HD	models	second	generation	were	updated	to	FireOS	4.1.1,	based	on	Android	4.4.4,	in	Q3	2014.	The	Fire	HD	6"	and	7"	third	generation	uses	Fire	OS	4	"Sangria",	which
features	profiles	so	each	user	on	the	tablet	can	have	their	own	settings	and	apps.[30]	The	Fire	HD	8	and	10	fifth	generation	uses	Fire	OS	5	"Bellini"	and	was	released	in	late	2015.	In	September	2016,	Amazon	released	virtual	assistant	Alexa	for	the	sixth	generation	Fire	tablets.[31]	The	2018	model	of	the	Fire	HD	8	has	Fire	OS	6	preinstalled,	which	is
based	on	Android	7.1	"Nougat".	It	also	includes	Alexa	Hands-Free	and	the	new	"Show	Mode",	in	which	the	tablet	acts	like	an	Amazon	Echo	Show.[32]	The	2019	model	of	the	Fire	HD	10	(and	the	2020	model	of	Fire	HD	8)	has	Fire	OS	7	preinstalled,	which	is	based	on	Android	9	"Pie".[33]	The	2021	model	of	the	Fire	HD	10	/	Fire	HD	10	Plus	introduced
64-bit	app	support	(arm64-v8a	Android	ABI)	for	the	first	time	in	the	Fire	HD	series.[34]	Overview	on	generations	and	models	for	all	Fire	(including	Amazon	Fire)	tablet	devices:[3]	Display	Size	(Diag.)Generation	(Year)	6	in	7	in	8	in	8.9	in	10.1	in	11	in	1st	(2011)	Kindle	Fire	2nd	(2012)	Kindle	FireKindle	Fire	HD	2.5th	(2012)	Kindle	Fire	HD	WiFiKindle
Fire	HD	WAN	3rd	(2013)	Kindle	FireKindle	Fire	HD	WiFiKindle	Fire	HD	WAN	Kindle	Fire	HD	WiFiKindle	Fire	HD	WAN	4th	(2014)	Fire	HD	Fire	HD	Fire	HDX	WiFiFire	HDX	WAN	5th	(2015)	Fire	Fire	HD	Fire	HD	6th	(2016)	Fire	HD	7th	(2017)	Fire	Fire	HD	Fire	HD	8th	(2018)	Fire	HD	9th	(2019)	Fire	Fire	HD	10th	(2020)	Fire	HDFire	HD	Plus	11th
(2021)	Fire	HDFire	HD	Plus	12th	(2022)	Fire	Fire	HDFire	HD	Plus	13th	(2023)	Fire	HD	Fire	Max	12th	(2024)	Fire	HD	Note:	Items	in	bold	are	currently	available.	Devices	that	no	longer	receive	updates	to	FireOS	or	do	not	receive	FireOS	feature	updates.	Kindle	Fire	models	(2011	-	2013)	Generation(within	Fire	tablets*)	2nd	2.5th	3rd	Model	Year	2012
2012	2013	Model	Kindle	Fire	HD	7	Kindle	Fire	HD	8.9	Kindle	Fire	HD	7[35]	Code	name	Tate	Jem	Soho	Model	Number	KFTT[36]	KFJWA	(WAN)KFJWI	(Wi-Fi)[36]	KFSOWI[36]	Release	date	September	14,	2012	November	20,	2012	October	2,	2013	Status	Unsupported:	Discontinued	Unsupported:	Discontinued	Unsupported:	Discontinued	Release	Time
OS	Fire	OS	2.4based	on	Android	4.0.3(got	Fire	OS	4.1.1	in	2014)	Fire	OS	4(or	3.2[37])	System	Version	7.5.1[38]	8.5.1[39]	—	Fire	OS	(latest)	3.1[37]	4.5.5.3[40]	Screen	Size	(diagonal)	7	in	(18	cm)	8.9	in	(23	cm)	7	in	(18	cm)	Resolution	1280	×	800	1920	×	1200	1280	×	800	Density	216	ppi	254	ppi	216	ppi	CPU	Maker	Texas	Instruments	Kind	Dual-core
OMAP4	Model	4460	HS	4470	HS	Cores	2	×	ARM	Cortex-A9@	1.2	GHz	2	×	ARM	Cortex-A9@	1.5	GHz	Width	32-bit	GPU	Designer	ImaginationTechnologies	Kind	PowerVR	Model	SGX540	SGX544	Clock	384	MHz[41]	RAM	1	GiB	Storage	(internal)	Wi-Fi	16	GB	or	32	GB	8	GB	or	16	GB	+Cellular	—	32	GB	or	64	GB	—	Camera	(front)	1.3	MP	HD	720p	—
Microphone	Yes	HDMI	microHDMI	—	Wireless	Wi-Fi	Dual-band802.11	a/b/g/n	Bluetooth	Bluetooth	3.0	+	EDR	(HID	and	A2DP	profiles	only)	Bluetooth	4.0	+	EDR	(HID	and	A2DP	profiles	only)	+Cellular	—	adds	4G	LTE	—	Location	Wi-Fi	Wi-Fi	based	+Cellular	—	adds	GPS	and	aGPS	—	Proximity	Yes	Compass	Yes	Light	sensor	Yes	—	Accelerometer	Yes
Gyroscope	Yes	Connectors	USB	2.0	Micro-B	Micro	HDMI	3.5mm	audio	jack	USB	2.0	Micro-B	3.5mm	audio	jack	Weight	Wi-Fi	395	g	(13.9	oz)	545	g	(19.2	oz)	345	g	(12.2	oz)	+Cellular	—	567	g	(20.0	oz)	—	Dimensions	193	mm	×	137	mm	×	10.3	mm(7.60	in	×	5.39	in	×	0.41	in)	240	mm	×	160	mm	×	8.8	mm(9.45	in	×	6.30	in	×	0.35	in)	191	mm	×	128	mm
×	10.6	mm(7.52	in	×	5.04	in	×	0.42	in)	Battery	4400	mAh	6000	mAh	4400	mAh	Legend:UnsupportedSupportedLatest	versionPreview	versionFuture	version	Amazon	Fire	models	(2014	and	newer)	that	run	Fire	OS	5	Generation(within	Fire	tablets*)	4th	5th	6th	7th	Model	Year	2014	2015	2016	2017	Model	Fire	HD	6	and	7	Fire	HD	8	and	10	Fire	HD	8
Fire	HD	8	Fire	HD	10	Code	name	HD	6:	Ariel	HD	7:	Ariel	Seven	HD	8:	Memphis	HD10:	Thebes	Giza	Douglas	Suez	Model	Number	HD	6:	KFARWIHD	7:	KFASWI[36]	HD	8:	KFMEWIHD	10:	KFTBWI[36]	KFGIWI[36]	KFDOWI[36]	KFSUWI[36]	Release	date	October	2,	2014	September	30,	2015	September	21,	2016	June	7,	2017	October	11,	2017	Status
Unsupported:	Discontinued	Unsupported:	Discontinued	Unsupported:	Discontinued	Unsupported:	Discontinued	Unsupported:	Discontinued	Release	Time	OS	Fire	OS	5(or	4.5.2[37])	Fire	OS	5	Fire	OS	5.7.0.0	Fire	OS	5.3.5[37]	Fire	OS	(latest)	5.6.8.0[42][43]	5.6.8.0[44][45][46]	5.7.1.0[47][48]	Screen	Size	(diagonal)	HD	6:	6	in	(15	cm)	HD	7:	7	in	(18	cm)
HD	8:	8	in	(20	cm)	HD	10:	10	in	(25	cm)	8	in	(20	cm)	10.1	in	(26	cm)	Resolution	1280	×	800	1920	x	1200	Density	HD	6:	252	ppi	HD	7:	216	ppi	HD	8:	189	ppi	HD	10:	149	ppi	189	ppi	224	ppi	CPU	Maker	MediaTek	Kind	Quad-core	ARM	big.LITTLE	Quad-core	Model	MT8135V[49][50]	MT8163V/B	MT8173	Cores	2	×	ARM	Cortex-A15@	1.5	GHz	2	×	ARM
Cortex-A7@	1.2	GHz	4	×	ARM	Cortex-A53@	1.3	GHz	2	×	ARM	Cortex-A72@	1.8	GHz	2	×	ARM	Cortex-A53@	1.4	GHz	Width	32-bit	64-bit	(in	32-bit	mode)[41]	GPU	Designer	ImaginationTechnologies	ARM	Holdings	ImaginationTechnologies	Kind	PowerVR	Mali	PowerVR	Model	G6200	T720	MP2	GX6250	Clock	450	MHz	650	MHz	[51]	?	?	RAM	1	GiB
1.5	GiB[41]	2	GiB	Storage	Internal	8	GB	or	16	GB	HD	8:	8–16	GB	HD	10:	16–64	GB	16	GB	or	32	GB	32	GB	or	64	GB	External	Up	to	128	GB	microSDXC	Up	to	200	GBmicroSDXC	Up	to	256	GBmicroSDXC	Camera	Back	2	MP	5	MP	2	MP	Front	0.3	MP	1.3	MP	HD	720p	0.3	MP	Microphone	Yes	HDMI	AmazonHDMI	Adapter	—	Wireless	WiFi	Single-
band802.11	b/g/n	Dual-band802.11	a/b/g/n/ac	Dual-band802.11	a/b/g/n	Dual-band802.11	a/b/g/n/ac	Bluetooth	Bluetooth	4.0	LE	Bluetooth	4.1	LE	Location	Wi-Fi	based	Light	sensor	—	Yes	Accelerometer	Yes	Gyroscope	Yes	—	Connectors	USB	2.0	Micro-B	(SlimPort-compatible)	3.5mm	audio	jack	USB	2.0	Micro-B	3.5mm	audio	jack	Weight	HD	6:	290	g
(10	oz)	HD	7:	337	g	(11.9	oz)	HD	8:	311	g	(11.0	oz)	HD	10:	432	g	(15.2	oz)	341	g	(12.0	oz)	369	g	(13.0	oz)	500	g	(17.7	oz)	Dimensions	HD	6:	160	mm	×	103	mm	×	10.7	mm(6.30	in	×	4.06	in	×	0.42	in)	HD	7:	191	mm	×	128	mm	×	10.6	mm(7.52	in	×	5.04	in	×	0.42	in)	HD	8:	214	mm	×	128	mm	×	7.7	mm(8.43	in	×	5.04	in	×	0.30	in)	HD	10:	262	mm
×	159	mm	×	7.7	mm(10.31	in	×	6.26	in	×	0.30	in)	214	mm	×	128	mm	×	9.2	mm(8.43	in	×	5.04	in	×	0.36	in)	214	mm	×	128	mm	×	9.7	mm(8.43	in	×	5.04	in	×	0.38	in)	262	mm	x	159	mm	x	9.8	mm(10.3	in	x	6.3	in	x	0.4	in)	Battery	8.5	hours	3830	mAh	/	8	hours	4750	mAh	/	12	hours	6300	mAh	/	10	hours	Legend:UnsupportedSupportedLatest
versionPreview	versionFuture	version	Devices	that	run	currently	supported	FireOS	versions.	Fire	OS	7	Generation(within	Fire	tablets*)	8th	9th	10th	11th	Model	Year	2018	2019	2020	2021	Model	Fire	HD	8	Fire	HD	10	Fire	HD	8	/	Fire	HD	8	Plus	Fire	HD	10	/	Fire	HD	10	Plus	Code	name	Karnak	Maverick	Onyx	Trona	Model	Number	KFKAWI[36]
KFMAWI[36]	KFONWI[52]	KFTRWI	(T76N2B)	/	KFTRPWI	(T76N2P)[53]	Release	date	October	4th,	2018	October	30th,	2019	June	3rd,	2020	May	26th,[54]	2021	Status	Supported:	Supported	Supported:	Supported	Supported:	Supported	Supported:	Supported	Release	Time	OS	Fire	OS	6	Fire	OS	7.3.1.0[37]	Fire	OS	7.3.1.3	Fire	OS	7.3.2.7	Fire	OS
(latest)	7.3.2.9[55]	7.3.2.9[55]	7.3.2.9[55]	7.3.2.9[55]	Screen	Size	(diagonal)	8	in	(20	cm)	10.1	in	(26	cm)	8	in	(20	cm)	10.1	in	(26	cm)	Resolution	1280	x	800	1920	x	1200	1280	x	800	1920	x	1200	Density	189	ppi	224	ppi	189	ppi	224	ppi	CPU	Maker	MediaTek	Kind	Quad-core	Octa-core	Quad-core	Octa-core	Model	MT8163V/B	MT8183	MT8168	MT8183
Cores	4	×	ARM	Cortex-A53@	1.3	GHz	4	×	ARM	Cortex-A73@	2.0	GHz	4	×	ARM	Cortex-A53@	2.0	GHz	4	×	ARM	Cortex-A53@	2.0	GHz	4	×	ARM	Cortex-A73@	2.0	GHz	4	×	ARM	Cortex-A53@	2.0	GHz	Width	64-bit	(in	32-bit	mode)[41]	64-bit	&	32-bit	GPU	Designer	ARM	Holdings	Kind	Mali	Model	T720	MP2	G72	MP3	G52	3EE	MC1	G72	MP3	Clock	-
800	MHz[56]	800	MHz[56]	RAM	1.5	GiB[41]	2	GiB	2	GiB	/	3	GiB	3	GiB	/	4	GiB	Storage	Internal	16	GB	or	32	GB	32	GB	or	64	GB	32	GB	or	64	GB	32	GB	or	64	GB	External	Up	to	400	GBmicroSDXC	Up	to	512	GBmicroSDXC	Up	to	1	TBmicroSDXC	Camera	Back	2	MP	5	MP	Front	2	MP	Microphone	Yes	Wireless	Wi-Fi	Dual-band802.11	a/b/g/n	Dual-
band802.11	a/b/g/n/ac	Bluetooth	Bluetooth	4.1	LE	Bluetooth	4.2	LE	Bluetooth	5.0	LE	Location	Wi-Fi	based	Light	sensor	Yes	Accelerometer	Yes	Connectors	USB	2.0	Micro-B	3.5mm	audio	jack	USB-C	(USB	2.0)	3.5mm	audio	jack	Weight	363	g	(12.8	oz)	504	g	(17.8	oz)	355	g	(12.5	oz)	468	g	(16.5	oz)	Dimensions	214	mm	×	128	mm	×	9.7	mm(8.4	in
×	5.0	in	×	0.38	in)	262	mm	×	159	mm	×	9.8	mm(10	in	×	6.3	in	×	0.39	in)	202	mm	×	137	mm	×	9.7	mm(8.0	in	×	5.4	in	×	0.38	in)	247	mm	×	166	mm	×	9.2	mm(9.7	in	×	6.5	in	×	0.36	in)	Battery	4750	mAh	/	10	hours	6300	mAh	/	12	hours	4850	mAh	/	12	hours	6500	mAh	/	12	hours	Wireless	Charging	—	Yes	(Plus	model	only)[57]
Legend:UnsupportedSupportedLatest	versionPreview	versionFuture	version	Fire	OS	8	Generation(within	Fire	tablets*)	12th	13th	12th	Model	Year	2022	2023	2024	Model	Fire	HD	8	/	Fire	HD	8	Plus	Fire	Max	11	Fire	HD	10	Fire	HD	8	Code	name	Raphite	Sunstone	Tungsten	Raphite	Model	Number	KFRAWI	/	KFRAPWI[58]	KFSNWI[59]	KFTUWI[60]
KFRAPWI	(3GB)	KFRASWI	(4GB)[61]	Release	date	October	2022	June	14,	2023	October	18,	2023	October	2,	2024	Status	Latest	version:	Current	Latest	version:	Current	Latest	version:	Current	Latest	version:	Current	Release	Time	OS	FireOS	8.3.1.9	Fire	OS	8	Fire	OS	8	Fire	OS	8	Fire	OS	(latest)	8.3.3.5[55]	8.3.3.5[55]	8.3.3.5[55]	Screen	Size
(diagonal)	8	in	(20	cm)	11	in	(28	cm)	10.1	in	(26	cm)	8	in	(20	cm)	Resolution	1280	x	800	2000	x	1200	IPS	1920	x	1200	1280	x	800	Density	189	ppi	213	ppi	224	ppi	189	ppi	CPU	Maker	MediaTek	Kind	Hexa-Core	Octa-core	Octa-core	Hexa-core	Model	MT8169A	MT8188J	MT8186A	MT8169A	Cores	6	×	ARM	Cortex-A55	@	2.0	GHz	2	×	ARM	Cortex-A78	@
2.2	GHz	6	×	ARM	Cortex-A55	@	2	GHz	2	×	ARM	Cortex-A76	@	2.05	GHz	6	×	ARM	Cortex-A55	@	2.0	GHz	6	×	ARM	Cortex-A55	@	2.0	GHz	Width	64-bit	&	32-bit	GPU	Designer	ARM	Holdings	Kind	Mali	Model	G52	2EE	MC2	G57	MC2	G52	MC2	2EE	G52	2EE	MC2	Clock	950	MHz	1	GHz	RAM	2	GiB	/	3	GiB	4	GiB	3	GiB	3	GiB	/	4	GiB	Storage	Internal
32	GB	or	64	GB	64	GB	or	128	GB	32	GB	or	64	GB	32	GB	or	64	GB	External	Up	to	1	TBmicroSDXC	Camera	Back	2	MP	/	5	MP	8	MP	5	MP	5	MP	Front	2	MP	8	MP	5	MP	2	MP	Microphone	Yes	Wireless	Wi-Fi	Dual-band802.11	a/b/g/n/ac	Dual-band	802.11	a/b/g/n/ac/ax	(WiFi	6)	Dual-band	802.11	a/b/g/n/ac	Bluetooth	Bluetooth	5.2	LE	Bluetooth	5.3	BLE
Bluetooth	5.2	BLE	Location	Wi-Fi	based	Light	sensor	Yes	Accelerometer	Yes	Connectors	USB-C	(USB	2.0)	3.5mm	audio	jack	USB-C	(USB	2.0)	+	audio	Keyboard	(pogo	pins)	USB-C	(USB	2.0)	+	audio	3.5	mm	audio	jack	Weight	337	g	(11.88	oz)	490	g	(17.28	oz)	433.6	g	(15.29	oz)	337	g	(11.88	oz)	Dimensions	201.90	mm	×	137.34	mm	×	9.6	mm(7.9	in
×	5.4	in	×	0.38	in)	259.1	mm	×	163.7	mm	×	7.5	mm(10	in	×	6.4	in	×	0.30	in)	246	mm	×	164.8	mm	×	8.6	mm(9.7	in	×	6.5	in	×	0.34	in)	201.90	mm	×	137.34	mm	×	9.6	mm(7.9	in	×	5.4	in	×	0.38	in)	Battery	4850	mAh	/	13	hours	7500	mAh	/	14	hours	6500	mAh	/	13	hours	4850	mAh	/	13	hours	Wireless	Charging	Yes	(Plus	model	only)[57]	—
Legend:UnsupportedSupportedLatest	versionPreview	versionFuture	version	*tables	above	only	includes	data	on	tablets	Amazon	lists	in	the	HD	family.	The	Model	number	consists	of	three	parts:	first	the	KF	prefix	for	'Kindle	Fire',	second	one	or	two	letters	derived	from	the	code	name,	third	WI	for	Wi-Fi	or	WA	for	cellular	interface.	Amazon	Fire	tablet
timeline	Timeline	of	Amazon	Fire	tablet	models	vte	Disclaimer:	The	discontinuation	dates	may	not	be	precise.	Comparison	of:	Tablet	computers	E-book	readers	^	Cunningham,	Andrew	(6	September	2012).	"Kindle	Fire's	4G	package	offers	250MB	of	data	a	month	for	$50	a	year".	Ars	Technica.	Condé	Nast.	Retrieved	6	September	2012.	^	a	b	"Kindle
Fire	Device	and	Feature	Specifications".	Retrieved	3	December	2012.	^	a	b	"Fire	Tablet	Device	Specifications:	Overview".	developer.amazon.com.	Retrieved	31	May	2021.	^	Jules.	"Kobo	Announces	Their	New	E-Readers".	Wired.	^	"Amazon.es:	Kindle	Fire	HD".	^	"Amazon.it:	Kindle	Fire	HD".	^	"Amazon.fr	:	Kindle	Fire	HD".	www.amazon.fr.	^
"Suchergebnis	auf	Amazon.de	für:	Kindle	Fire	HD".	www.amazon.de.	^	"Amazon.co.uk:	Kindle	Fire	HD".	www.amazon.co.uk.	^	"Amazon	refreshes	Kindle	Fire	HD	with	new	body,	$139	price	tag".	25	September	2013.	^	"Amazon	Kindle	Cheat	Sheet".	CNET.	Retrieved	2014-09-19.	^	"Identifying	Fire	Tablet	Devices".	developer.amazon.com.	Retrieved
February	25,	2024.	^	"Amazon's	new	Fire	HD	8	is	its	first	tablet	with	Alexa".	engadget.com.	8	September	2016.	Retrieved	September	26,	2016.	^	"Amazon	Debuts	Its	First	Fire	Tablet	With	Virtual	Assistant	Alexa".	fortune.com.	Retrieved	September	26,	2016.	^	"Thinner,	Lighter,	and	Faster:	Amazon	Introduces	All-New	Fire	HD	8	Tablets	Built	for
Entertainment".	Press	Center.	2022-09-21.	Retrieved	2023-12-20.	^	"Introducing	Amazon	Fire	Max	11	tablet	|	Amazon".	www.amazon.com.	^	"Amazon	Fire	HD	10	review	(2017):	A	$150	tablet	that's	actually	good".	16	October	2017.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	^	"All	the	new	Amazon	devices	and	features	coming	soon
to	your	home,	including	pre-order	details".	US	About	Amazon.	2023-09-20.	Retrieved	2023-12-20.	^	"Fire	HD	10	Kids	tablet	|	Amazon".	Amazon.	^	"Amazon.com:	Amazon	Fire	10	Kids	tablet-	2023,	ages	3-7	|	Bright	10.1"	HD	screen	with	ad-free	content	and	parental	controls	included,	13-hr	battery,	32	GB,	Blue".	www.amazon.com.	Retrieved	2024-05-
10.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	developer.amazon.com.	Retrieved	2023-12-20.	^	"All-new	Fire	HD	10.1"	Full	HD	Tablet	|	Built	for	Relaxation	|	Amazon".	Amazon.	^	"Amazon's	new	Fire	HD	8	tablets	are	powered	by	GenAI".	Amazon.	2	October	2024.	^	"2024	Black	Fire	HD	8	Tablet,	8"	HD	Display	&	32	GB	|	Amazon".
Amazon.	^	a	b	c	d	"Amazon	Kindle	Press	Conference	—	September	6,	2012".	YouTube.	^	Amazon	now	sells	a	metal	version	of	its	Fire	10	tablet	The	Verge	Retrieved	2	June	2016.	^	"Amazon.com	Help:	Kindle	Fire	HD	7"	(2nd	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Kindle	Fire	HD	8.9"	(2nd	Generation)	Software
Updates".	www.amazon.com.	^	"What's	new	with	Amazon's	Fire	OS	4.0	"Sangria"?".	AndroidGuys.	Archived	from	the	original	on	2017-08-03.	Retrieved	2014-09-26.	^	"Amazon	Debuts	Its	First	Fire	Tablet	With	Virtual	Assistant	Alexa".	fortune.com.	Retrieved	26	September	2016.	^	"Amazon's	new	Fire	HD	8	tablets	with	Fire	OS	6	(Android	Nougat)".
xda-developers.	2018-09-06.	Retrieved	2018-10-05.	^	"Amazon's	new	Fire	HD	10	tablet	has	USB-C	charging	and	costs	$149".	xda-developers.	2019-10-07.	Retrieved	2019-11-17.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	^	"Amazon	Kindle	Fire	HD	7	(2013)	Price,	Specifications,	Features,	Comparison".	^	a	b	c	d	e	f	g	h	i	j	"Redirect	|
None".	^	a	b	c	d	e	"Redirect	|	None".	^	"Amazon.com	Help:	Kindle	Fire	HD	7"	(2nd	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Kindle	Fire	HD	8.9"	(2nd	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Kindle	Fire	HD	(3rd	Generation)	Software	Update".	www.amazon.com.	^	a	b	c	d	e
"Amazon.com	Help:	Fire	HD	10	(9th	Generation)	Software	Updates".	Amazon.	^	"Amazon.com	Help:	Fire	HD	6	(4th	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Fire	HD	7	(4th	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Fire	HD	8	(5th	Generation)	Software	Updates".	www.amazon.com.	^



"Amazon.com	Help:	Fire	HD	10	(5th	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Fire	HD	8	(6th	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Fire	HD	8	(7th	Generation)	Software	Updates".	www.amazon.com.	^	"Amazon.com	Help:	Fire	HD	10	(7th	Generation)	Software	Updates".
www.amazon.com.	^	"Kindle	Fire	HD	6	Teardown".	8	October	2014.	^	"MediaTek	press	release".	Archived	from	the	original	on	2016-04-14.	Retrieved	2016-04-02.	^	Ltd.,	Arm.	"Graphics	and	Multimedia	Processors	-	Mali-T720	GPU	–	Arm	Developer".	ARM	Developer.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".
developer.amazon.com.	Retrieved	2020-07-02.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	^	"Amazon	Fire	HD	10	(2021)	-	Full	tablet	specifications".	www.gsmarena.com.	Retrieved	2025-01-05.	^	a	b	c	d	e	f	g	"Fire	Tablet	Software	Updates	-	Amazon	Customer	Service".	Retrieved	2025-07-06.	^	a	b	MediaTek	(2019-11-17).	"MT8183".
MediaTek.	Retrieved	2019-11-17.	^	a	b	Segan,	Sascha	(2021-06-09).	"Amazon	Fire	HD	10	Plus	(2021)	Review".	PCMag.	Retrieved	2021-06-28.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	developer.amazon.com.	Retrieved	2022-10-01.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	developer.amazon.com.	Retrieved
2023-07-08.	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	^	"Fire	Tablet	Specifications:	Fire	HD	Models	|	Fire	Tablets".	Official	Amazon.com	site	for	Fire	Tablets	Kindle	Fire	HD	Press	Event	Article	at	Ars	Technica	Retrieved	from	"	2Computer	architecture	bit	width	Computer	architecture	bit	widths	Bit
14812161824263031323645486064128256512bit	slicing	Application	8163264	Binary	floating-point	precision	16	(×½)2432	(×1)4064	(×2)80128	(×4)256	(×8)	Decimal	floating-point	precision	3264128	vte	In	computer	architecture,	32-bit	computing	refers	to	computer	systems	with	a	processor,	memory,	and	other	major	system	components	that
operate	on	data	in	a	maximum	of	32-bit	units.[1][2]	Compared	to	smaller	bit	widths,	32-bit	computers	can	perform	large	calculations	more	efficiently	and	process	more	data	per	clock	cycle.	Typical	32-bit	personal	computers	also	have	a	32-bit	address	bus,	permitting	up	to	4	GiB	of	RAM	to	be	accessed,	far	more	than	previous	generations	of	system
architecture	allowed.[3]	32-bit	designs	have	been	used	since	the	earliest	days	of	electronic	computing,	in	experimental	systems	and	then	in	large	mainframe	and	minicomputer	systems.	The	first	hybrid	16/32-bit	microprocessor,	the	Motorola	68000,	was	introduced	in	the	late	1970s	and	used	in	systems	such	as	the	original	Apple	Macintosh.	Fully	32-bit
microprocessors	such	as	the	HP	FOCUS,	Motorola	68020	and	Intel	80386	were	launched	in	the	early	to	mid	1980s	and	became	dominant	by	the	early	1990s.	This	generation	of	personal	computers	coincided	with	and	enabled	the	first	mass-adoption	of	the	World	Wide	Web.	While	32-bit	architectures	are	still	widely-used	in	specific	applications,	the	PC
and	server	market	has	moved	on	to	64	bits	with	x86-64	and	other	64-bit	architectures	since	the	mid-2000s	with	installed	memory	often	exceeding	the	32-bit	address	limit	of	4	GiB	on	entry	level	computers.	The	latest	generation	of	smartphones	have	also	switched	to	64	bits.	A	32-bit	register	can	store	232	different	values.	The	range	of	integer	values
that	can	be	stored	in	32	bits	depends	on	the	integer	representation	used.	With	the	two	most	common	representations,	the	range	is	0	through	4,294,967,295	(232	−	1)	for	representation	as	an	(unsigned)	binary	number,	and	−2,147,483,648	(−231)	through	2,147,483,647	(231	−	1)	for	representation	as	two's	complement.	One	important	consequence	is
that	a	processor	with	32-bit	memory	addresses	can	directly	access	at	most	4	GiB	of	byte-addressable	memory	(though	in	practice	the	limit	may	be	lower).	Motorola	68020	prototype	from	1984.	It	features	a	32-bit	ALU	and	32-bit	address	and	data	buses.	The	world's	first	stored-program	electronic	computer,	the	Manchester	Baby,	used	a	32-bit
architecture	in	1948,	although	it	was	only	a	proof	of	concept	and	had	little	practical	capacity.	It	held	only	32	32-bit	words	of	RAM	on	a	Williams	tube,	and	had	no	addition	operation,	only	subtraction.	Memory,	as	well	as	other	digital	circuits	and	wiring,	was	expensive	during	the	first	decades	of	32-bit	architectures	(the	1960s	to	the	1980s).[4]	Older	32-
bit	processor	families	(or	simpler,	cheaper	variants	thereof)	could	therefore	have	many	compromises	and	limitations	in	order	to	cut	costs.	This	could	be	a	16-bit	ALU,	for	instance,	or	external	(or	internal)	buses	narrower	than	32	bits,	limiting	memory	size	or	demanding	more	cycles	for	instruction	fetch,	execution	or	write	back.	Despite	this,	such
processors	could	be	labeled	32-bit,	since	they	still	had	32-bit	registers	and	instructions	able	to	manipulate	32-bit	quantities.	For	example,	the	IBM	System/360	Model	30	had	an	8-bit	ALU,	8-bit	internal	data	paths,	and	an	8-bit	path	to	memory,[5]	and	the	original	Motorola	68000	had	a	16-bit	data	ALU	and	a	16-bit	external	data	bus,	but	had	32-bit
registers	and	a	32-bit	oriented	instruction	set.	The	68000	design	was	sometimes	referred	to	as	16/32-bit.[6]	However,	the	opposite	is	often	true	for	newer	32-bit	designs.	For	example,	the	Pentium	Pro	processor	is	a	32-bit	machine,	with	32-bit	registers	and	instructions	that	manipulate	32-bit	quantities,	but	the	external	address	bus	is	36	bits	wide,
giving	a	larger	address	space	than	4	GB,	and	the	external	data	bus	is	64	bits	wide,	primarily	in	order	to	permit	a	more	efficient	prefetch	of	instructions	and	data.[7]	Prominent	32-bit	instruction	set	architectures	used	in	general-purpose	computing	include	the	IBM	System/360,	IBM	System/370	(which	had	24-bit	addressing),	System/370-XA,	ESA/370,
and	ESA/390	(which	had	31-bit	addressing),	the	DEC	VAX,	the	NS320xx,	the	Motorola	68000	family	(the	first	two	models	of	which	had	24-bit	addressing),	the	Intel	IA-32	32-bit	version	of	the	x86	architecture,	and	the	32-bit	versions	of	the	ARM,[8]	SPARC,	MIPS,	PowerPC	and	PA-RISC	architectures.	32-bit	instruction	set	architectures	used	for
embedded	computing	include	the	68000	family	and	ColdFire,	x86,	ARM,	MIPS,	PowerPC,	and	Infineon	TriCore	architectures.	On	the	x86	architecture,	a	32-bit	application	normally	means	software	that	typically	(not	necessarily)	uses	the	32-bit	linear	address	space	(or	flat	memory	model)	possible	with	the	80386	and	later	chips.	In	this	context,	the	term
came	about	because	DOS,	Microsoft	Windows	and	OS/2[9]	were	originally	written	for	the	8088/8086	or	80286,	16-bit	microprocessors	with	a	segmented	address	space	where	programs	had	to	switch	between	segments	to	reach	more	than	64	kilobytes	of	code	or	data.	As	this	is	quite	time-consuming	in	comparison	to	other	machine	operations,	the
performance	may	suffer.	Furthermore,	programming	with	segments	tend	to	become	complicated;	special	far	and	near	keywords	or	memory	models	had	to	be	used	(with	care),	not	only	in	assembly	language	but	also	in	high	level	languages	such	as	Pascal,	compiled	BASIC,	Fortran,	C,	etc.	The	80386	and	its	successors	fully	support	the	16-bit	segments
of	the	80286	but	also	segments	for	32-bit	address	offsets	(using	the	new	32-bit	width	of	the	main	registers).	If	the	base	address	of	all	32-bit	segments	is	set	to	0,	and	segment	registers	are	not	used	explicitly,	the	segmentation	can	be	forgotten	and	the	processor	appears	as	having	a	simple	linear	32-bit	address	space.	Operating	systems	like	Windows	or
OS/2	provide	the	possibility	to	run	16-bit	(segmented)	programs	as	well	as	32-bit	programs.	The	former	possibility	exists	for	backward	compatibility	and	the	latter	is	usually	meant	to	be	used	for	new	software	development.[10]	In	digital	images/pictures,	32-bit	usually	refers	to	RGBA	color	space;	that	is,	24-bit	truecolor	images	with	an	additional	8-bit
alpha	channel.	Other	image	formats	also	specify	32	bits	per	pixel,	such	as	RGBE.	In	digital	images,	32-bit	sometimes	refers	to	high-dynamic-range	imaging	(HDR)	formats	that	use	32	bits	per	channel,	a	total	of	96	bits	per	pixel.	32-bit-per-channel	images	are	used	to	represent	values	brighter	than	what	sRGB	color	space	allows	(brighter	than	white);
these	values	can	then	be	used	to	more	accurately	retain	bright	highlights	when	either	lowering	the	exposure	of	the	image	or	when	it	is	seen	through	a	dark	filter	or	dull	reflection.	For	example,	a	reflection	in	an	oil	slick	is	only	a	fraction	of	that	seen	in	a	mirror	surface.	HDR	imagery	allows	for	the	reflection	of	highlights	that	can	still	be	seen	as	bright
white	areas,	instead	of	dull	grey	shapes.	A	32-bit	file	format	is	a	binary	file	format	for	which	each	elementary	information	is	defined	on	32	bits	(or	4	bytes).	An	example	of	such	a	format	is	the	Enhanced	Metafile	Format.	History	of	video	games	(32-bit	era)	Word	(computer	architecture)	Physical	Address	Extension	(PAE)	^	Prosise,	Jeff	(1995-11-07).	"16
or	32	Bits:	Should	It	Matter	to	You?".	PC	Magazine.	pp.	321–322.	Retrieved	2022-11-30.	^	Buchanan,	William	(1997).	Software	Development	for	Engineers	:	C/C++,	Pascal,	Assembly,	Visual	Basic,	HTML,	Java	Script,	Java	DOS,	Windows	NT,	UNIX.	Burlington:	Elsevier	Science.	p.	230.	ISBN	978-0-08-054137-2.	OCLC	854975383.	^	Venkateswarlu,
N.B.	(2012).	Essential	Computer	and	IT	Fundamentals	for	Engineering	and	Science	Students.	S.	Chand	Publishing.	p.	143.	ISBN	978-81-219-4047-4.	^	Patterson,	David;	Ditzel,	David	(2000).	Readings	in	Computer	Architecture.	San	Diego:	Academic	Press.	p.	136.	ISBN	9781558605398.	^	IBM	System/360	Model	30	Functional	Characteristics	(PDF).
IBM.	August	1971.	pp.	8,	9.	GA24-3231-7.	^	"Motorola	68000	Family	Programmer's	Reference	Manual"	(PDF).	1992.	p.	1-1.	Retrieved	18	January	2022.	^	Gwennap,	Linley	(16	February	1995).	"Intel's	P6	Uses	Decoupled	Superscalar	Design"	(PDF).	Microprocessor	Report.	Retrieved	3	December	2012.	^	"ARM	architecture	overview"	(PDF).	^	There
were	also	variants	of	UNIX	for	the	80286.	^	This	article	is	based	on	material	taken	from	32-bit+application	at	the	Free	On-line	Dictionary	of	Computing	prior	to	1	November	2008	and	incorporated	under	the	"relicensing"	terms	of	the	GFDL,	version	1.3	or	later.	HOW	Stuff	Works	"How	Bits	and	Bytes	work"	"Ken	Colburn	on	LockerGnome.com:	32-Bit
Vs.	64-Bit	Windows".	Archived	from	the	original	on	2016-03-30.	Retrieved	from	"	3	Color	depth	1-bit	monochrome	8-bit	grayscale	8-bit	color	15-	or	16-bit	color	(high	color)	24-bit	color	(true	color)	30-,	36-,	or	48-bit	color	(deep	color)	Related	Indexed	color	Palette	RGB	color	model	Web-safe	color	vte	Number	of	bits	used	to	represent	a	color	Color	depth,
also	known	as	bit	depth,	is	either	the	number	of	bits	used	to	indicate	the	color	of	a	single	pixel,	or	the	number	of	bits	used	for	each	color	component	of	a	single	pixel.	When	referring	to	a	pixel,	the	concept	can	be	defined	as	bits	per	pixel	(bpp).	When	referring	to	a	color	component,	the	concept	can	be	defined	as	bits	per	component,	bits	per	channel,
bits	per	color	(all	three	abbreviated	bpc),	and	also	bits	per	pixel	component,	bits	per	color	channel	or	bits	per	sample.[1][2][3]	Modern	standards	tend	to	use	bits	per	component,[1][2][4][5]	but	historical	lower-depth	systems	used	bits	per	pixel	more	often.	Color	depth	is	only	one	aspect	of	color	representation,	expressing	the	precision	with	which	the
amount	of	each	primary	can	be	expressed;	the	other	aspect	is	how	broad	a	range	of	colors	can	be	expressed	(the	gamut).	The	definition	of	both	color	precision	and	gamut	is	accomplished	with	a	color	encoding	specification	which	assigns	a	digital	code	value	to	a	location	in	a	color	space.	The	number	of	bits	of	resolved	intensity	in	a	color	channel	is	also
known	as	radiometric	resolution,	especially	in	the	context	of	satellite	images.[6]	Same	image	on	five	different	color	depths,	showing	resulting	(compressed)	file	sizes.	8	and	smaller	use	an	adaptive	palette	so	quality	may	be	better	than	some	systems	can	provide.	24	bit.png	16,777,216	colors98	KB	8	bit.png	256	colors37	KB	(−62%)	4	bit.png	16
colors13	KB	(−87%)	2	bit.png	4	colors6	KB	(−94%)	1	bit.png	2	colors4	KB	(−96%)	Main	article:	Indexed	color	With	the	relatively	low	color	depth,	the	stored	value	is	typically	a	number	representing	the	index	into	a	color	map	or	palette	(a	form	of	vector	quantization).	The	colors	available	in	the	palette	itself	may	be	fixed	by	the	hardware	or	modifiable
by	software.	Modifiable	palettes	are	sometimes	referred	to	as	pseudocolor	palettes.	Old	graphics	chips,	particularly	those	used	in	home	computers	and	video	game	consoles,	often	have	the	ability	to	use	a	different	palette	per	sprites	and	tiles	in	order	to	increase	the	maximum	number	of	simultaneously	displayed	colors,	while	minimizing	use	of	then-
expensive	memory	(and	bandwidth).	For	example,	in	the	ZX	Spectrum	the	picture	is	stored	in	a	two-color	format,	but	these	two	colors	can	be	separately	defined	for	each	rectangular	block	of	8×8	pixels.	The	palette	itself	has	a	color	depth	(number	of	bits	per	entry).	While	the	best	VGA	systems	only	offered	an	18-bit	(262,144	color)	palette[7][8][9][10]
from	which	colors	could	be	chosen,	all	color	Macintosh	video	hardware	offered	a	24-bit	(16	million	color)	palette.	24-bit	palettes	are	nearly	universal	on	any	recent	hardware	or	file	format	using	them.	If	instead	the	color	can	be	directly	figured	out	from	the	pixel	values,	it	is	"direct	color".	Palettes	were	rarely	used	for	depths	greater	than	12	bits	per
pixel,	as	the	memory	consumed	by	the	palette	would	exceed	the	necessary	memory	for	direct	color	on	every	pixel.	Headings	of	subsections	refer	to	bits-per-pixel.	Main	article:	Binary	image	2	colors,	often	black	and	white	direct	color.	Sometimes	1	meant	black	and	0	meant	white,	the	inverse	of	modern	standards.	Most	of	the	first	graphics	displays
were	of	this	type,	the	X	Window	System	was	developed	for	such	displays,	and	this	was	assumed	for	a	3M	computer.	In	the	late	1980s	there	were	professional	displays	with	resolutions	up	to	300	dpi	(the	same	as	a	contemporary	laser	printer)	but	color	proved	more	popular.	4	colors,	usually	from	a	selection	of	fixed	palettes.	Gray-scale	early
NeXTstation,	color	Macintoshes,	Atari	ST	medium	resolution.	8	colors,	almost	always	all	combinations	of	full-intensity	red,	green,	and	blue.	Many	early	home	computers	with	TV	displays,	including	the	ZX	Spectrum	and	BBC	Micro.	16	colors,	usually	from	a	selection	of	fixed	palettes.	Used	by	IBM	CGA	(at	the	lowest	resolution),	EGA,	and	by	the	least
common	denominator	VGA	standard	at	higher	resolution.	Color	Macintoshes,	Atari	ST	low	resolution,	Commodore	64,	and	Amstrad	CPCs	also	supported	4-bit	color.	32	colors	from	a	programmable	palette,	used	by	the	Original	Amiga	chipset.	64	colors.	Used	by	the	Master	System,	Enhanced	Graphics	Adapter,	GIME	for	TRS-80	Color	Computer	3,
Pebble	Time	smartwatch	(64	color	e-paper	display),	and	Parallax	Propeller	using	the	reference	VGA	circuit.	Main	article:	8-bit	color	256	colors,	usually	from	a	fully-programmable	palette:	Most	early	color	Unix	workstations,	Super	VGA,	color	Macintosh,	Atari	TT,	Amiga	AGA	chipset,	Falcon030,	Acorn	Archimedes.	Both	X	and	Windows	provided
elaborate	systems	to	try	to	allow	each	program	to	select	its	own	palette,	often	resulting	in	incorrect	colors	in	any	window	other	than	the	one	with	focus.	Some	systems	placed	a	color	cube	in	the	palette	for	a	direct-color	system	(and	so	all	programs	would	use	the	same	palette).	Usually	fewer	levels	of	blue	were	provided	than	others,	since	the	normal
human	eye	is	less	sensitive	to	the	blue	component	than	to	either	red	or	green	(two	thirds	of	the	eye's	receptors	process	the	longer	wavelengths[11]).	Popular	sizes	were:	6×6×6	(web-safe	colors),	leaving	40	colors	for	a	gray	ramp,	or	for	programmable	palette	entries.	8×8×4.	3	bits	of	R	and	G,	2	bits	of	B,	the	correct	value	can	be	computed	from	a	color
without	using	multiplication.	Used,	among	others,	in	the	MSX2	system	series	of	computers.	a	6×7×6	color	cube,	leaving	4	colors	for	a	programmable	palette	or	grays.	a	6×8×5	cube,	leaving	16	colors	for	a	programmable	palette	or	grays.	4,096	colors,	usually	from	a	fully-programmable	palette	(though	it	was	often	set	to	a	16×16×16	color	cube).	Some
Silicon	Graphics	systems,	Color	NeXTstation	systems,	and	Amiga	systems	in	HAM	mode	have	this	color	depth.	RGBA4444,	a	related	16	bpp	representation	providing	the	color	cube	and	16	levels	of	transparency,	is	a	common	texture	format	in	mobile	graphics.	Main	article:	High	color	In	high-color	systems,	two	bytes	(16	bits)	are	stored	for	each	pixel.
Most	often,	each	component	(R,	G,	and	B)	is	assigned	5	bits,	plus	one	unused	bit	(or	used	for	a	mask	channel	or	to	switch	to	indexed	color);	this	allows	32,768	colors	to	be	represented.	However,	an	alternate	assignment	which	reassigns	the	unused	bit	to	the	G	channel	allows	65,536	colors	to	be	represented,	but	without	transparency.[12]	These	color
depths	are	sometimes	used	in	small	devices	with	a	color	display,	such	as	mobile	phones,	and	are	sometimes	considered	sufficient	to	display	photographic	images.[13]	Occasionally	4	bits	per	color	are	used	plus	4	bits	for	alpha,	giving	4,096	colors.	Among	the	first	hardware	to	use	the	standard	were	the	Sharp	X68000	and	IBM's	Extended	Graphics	Array
(XGA).	The	term	"high	color"	has	recently	been	used	to	mean	color	depths	greater	than	24	bits.	Almost	all	of	the	least	expensive	LCDs	(such	as	typical	twisted	nematic	types)	provide	18-bit	color	(64×64×64	=	262,144	combinations)	to	achieve	faster	color	transition	times,	and	use	either	dithering	or	frame	rate	control	to	approximate	24-bit-per-pixel
true	color,[14]	or	throw	away	6	bits	of	color	information	entirely.	More	expensive	LCDs	(typically	IPS)	can	display	24-bit	color	depth	or	greater.	All	16,777,216	colors	(downscaled,	click	image	for	full	resolution)	24	bits	almost	always	use	8	bits	each	of	R,	G,	and	B	(8	bpc).	As	of	2018,	24-bit	color	depth	is	used	by	virtually	every	computer	and	phone
display[15]	and	the	vast	majority	of	image	storage	formats.	Almost	all	cases	of	32	bits	per	pixel	assigns	24	bits	to	the	color,	and	the	remaining	8	are	the	alpha	channel	or	unused.	224	gives	16,777,216	color	variations.	The	human	eye	can	discriminate	up	to	ten	million	colors,[16]	and	since	the	gamut	of	a	display	is	smaller	than	the	range	of	human
vision,	this	means	this	should	cover	that	range	with	more	detail	than	can	be	perceived.	However,	displays	do	not	evenly	distribute	the	colors	in	human	perception	space,	so	humans	can	see	the	changes	between	some	adjacent	colors	as	color	banding.	Monochromatic	images	set	all	three	channels	to	the	same	value,	resulting	in	only	256	different	colors;
some	software	attempts	to	dither	the	gray	level	into	the	color	channels	to	increase	this,	although	in	modern	software	this	is	more	often	used	for	subpixel	rendering	to	increase	the	space	resolution	on	LCD	screens	where	the	colors	have	slightly	different	positions.	The	DVD-Video	and	Blu-ray	Disc	standards	support	a	bit	depth	of	8	bits	per	color	in
YCbCr	with	4:2:0	chroma	subsampling.[17][18]	YCbCr	can	be	losslessly	converted	to	RGB.	MacOS	refers	to	24-bit	color	as	"millions	of	colors".	The	term	true	color	is	sometimes	used	to	mean	what	this	article	is	calling	direct	color.[19]	It	is	also	often	used	to	refer	to	all	color	depths	greater	or	equal	to	24.	Deep	color	consists	of	a	billion	or	more	colors.
[20]	230	is	1,073,741,824.	Usually	this	is	10	bits	each	of	red,	green,	and	blue	(10	bpc).	If	an	alpha	channel	of	the	same	size	is	added	then	each	pixel	takes	40	bits.	Some	earlier	systems	placed	three	10-bit	channels	in	a	32-bit	word,	with	2	bits	unused	(or	used	as	a	4-level	alpha	channel);	the	Cineon	file	format,	for	example,	used	this.	Some	SGI	systems
had	10-	(or	more)	bit	digital-to-analog	converters	for	the	video	signal	and	could	be	set	up	to	interpret	data	stored	this	way	for	display.	BMP	files	define	this	as	one	of	its	formats,	and	it	is	called	"HiColor"	by	Microsoft.	Video	cards	with	10	bits	per	component	started	coming	to	market	in	the	late	1990s.	An	early	example	was	the	Radius	ThunderPower
card	for	the	Macintosh,	which	included	extensions	for	QuickDraw	and	Adobe	Photoshop	plugins	to	support	editing	30-bit	images.[21]	Some	vendors	call	their	24-bit	color	depth	with	FRC	panels	30-bit	panels;	however,	true	deep	color	displays	have	10-bit	or	more	color	depth	without	FRC.	The	HDMI	1.3	specification	defines	a	bit	depth	of	30	bits	(as
well	as	36	and	48	bit	depths).[22]	In	that	regard,	the	Nvidia	Quadro	graphics	cards	manufactured	after	2006	support	30-bit	deep	color[23]	and	Pascal	or	later	GeForce	and	Titan	cards	when	paired	with	the	Studio	Driver[24]	as	do	some	models	of	the	Radeon	HD	5900	series	such	as	the	HD	5970.[25][26]	The	ATI	FireGL	V7350	graphics	card	supports
40-	and	64-bit	pixels	(30	and	48	bit	color	depth	with	an	alpha	channel).[27]	The	DisplayPort	specification	also	supports	color	depths	greater	than	24	bpp	in	version	1.3	through	"VESA	Display	Stream	Compression,	which	uses	a	visually	lossless	low-latency	algorithm	based	on	predictive	DPCM	and	YCoCg-R	color	space	and	allows	increased	resolutions
and	color	depths	and	reduced	power	consumption."[28]	At	WinHEC	2008,	Microsoft	announced	that	color	depths	of	30	bits	and	48	bits	would	be	supported	in	Windows	7,	along	with	the	wide	color	gamut	scRGB.[29][30]	High	Efficiency	Video	Coding	(HEVC	or	H.265)	defines	the	Main	10	profile,	which	allows	for	8	or	10	bits	per	sample	with	4:2:0
chroma	subsampling.[2][4][5][31][32]	The	Main	10	profile	was	added	at	the	October	2012	HEVC	meeting	based	on	proposal	JCTVC-K0109	which	proposed	that	a	10-bit	profile	be	added	to	HEVC	for	consumer	applications.[5]	The	proposal	stated	that	this	was	to	allow	for	improved	video	quality	and	to	support	the	Rec.	2020	color	space	that	will	be	used
by	UHDTV.[5]	The	second	version	of	HEVC	has	five	profiles	that	allow	for	a	bit	depth	of	8	bits	to	16	bits	per	sample.[33]	As	of	2020,	some	smartphones	have	started	using	30-bit	color	depth,	such	as	the	OnePlus	8	Pro,	Oppo	Find	X2	&	Find	X2	Pro,	Sony	Xperia	1	II,	Xiaomi	Mi	10	Ultra,	Motorola	Edge+,	ROG	Phone	3	and	Sharp	Aquos	Zero	2.[citation
needed]	Using	12	bits	per	color	channel	produces	36	bits,	68,719,476,736	colors.	If	an	alpha	channel	of	the	same	size	is	added	then	there	are	48	bits	per	pixel.	Using	16	bits	per	color	channel	produces	48	bits,	281,474,976,710,656	colors.	If	an	alpha	channel	of	the	same	size	is	added	then	there	are	64	bits	per	pixel.	Image	editing	software	such	as
Adobe	Photoshop	started	using	16	bits	per	channel	fairly	early	in	order	to	reduce	the	quantization	on	intermediate	results	(i.e.	if	an	operation	is	divided	by	4	and	then	multiplied	by	4,	it	would	lose	the	bottom	2	bits	of	8-bit	data,	but	if	16	bits	were	used	it	would	lose	none	of	the	8-bit	data).	Some	systems	started	using	those	bits	for	numbers	outside	the
0–1	range	rather	than	for	increasing	the	resolution.	Numbers	greater	than	1	were	for	colors	brighter	than	the	display	could	show,	as	in	high-dynamic-range	imaging	(HDRI).	Negative	numbers	can	increase	the	gamut	to	cover	all	possible	colors,	and	for	storing	the	results	of	filtering	operations	with	negative	filter	coefficients.	The	Pixar	Image
Computer	used	12	bits	to	store	numbers	in	the	range	[-1.5,	2.5),	with	2	bits	for	the	integer	portion	and	10	for	the	fraction.	The	Cineon	imaging	system	used	10-bit	professional	video	displays	with	the	video	hardware	adjusted	so	that	a	value	of	95	was	black	and	685	was	white.[34]	The	amplified	signal	tended	to	reduce	the	lifetime	of	the	CRT.	More	bits
also	encouraged	the	storage	of	light	as	linear	values,	where	the	number	directly	corresponds	to	the	amount	of	light	emitted.	Linear	levels	makes	calculation	of	computer	graphics	much	easier.	However,	linear	color	results	in	disproportionately	more	samples	near	white	and	fewer	near	black,	so	the	quality	of	16-bit	linear	is	about	equal	to	12-bit	sRGB.
Floating	point	numbers	can	represent	linear	light	levels	spacing	the	samples	semi-logarithmically.	Floating	point	representations	also	allow	for	drastically	larger	dynamic	ranges	as	well	as	negative	values.	Most	systems	first	supported	32-bit	per	channel	single-precision,	which	far	exceeded	the	accuracy	required	for	most	applications.	In	1999,
Industrial	Light	&	Magic	released	the	open	standard	image	file	format	OpenEXR	which	supported	16-bit-per-channel	half-precision	floating-point	numbers.	At	values	near	1.0,	half	precision	floating	point	values	have	only	the	precision	of	an	11-bit	integer	value,	leading	some	graphics	professionals	to	reject	half-precision	in	situations	where	the
extended	dynamic	range	is	not	needed.	Virtually	all	television	displays	and	computer	displays	form	images	by	varying	the	strength	of	just	three	primary	colors:	red,	green,	and	blue.	For	example,	bright	yellow	is	formed	by	roughly	equal	red	and	green	contributions,	with	no	blue	contribution.	For	storing	and	manipulating	images,	alternative	ways	of
expanding	the	traditional	triangle	exist:	One	can	convert	image	coding	to	use	fictitious	primaries,	that	are	not	physically	possible	but	that	have	the	effect	of	extending	the	triangle	to	enclose	a	much	larger	color	gamut.	An	equivalent,	simpler	change	is	to	allow	negative	numbers	in	color	channels,	so	that	the	represented	colors	can	extend	out	of	the
color	triangle	formed	by	the	primaries.	However	these	only	extend	the	colors	that	can	be	represented	in	the	image	encoding;	neither	trick	extends	the	gamut	of	colors	that	can	actually	be	rendered	on	a	display	device.	A	typical	CRT	monitor[a]	gamut:	Inside	the	colored	triangle	represents	colors	that	the	monitor	can	display.	The	horseshoe-shaped
surrounding	grey	area	represents	colors	humans	can	see,	but	that	the	monitor	cannot	show.	Supplementary	colors	can	widen	the	color	gamut	of	a	display,	since	it	is	no	longer	limited	to	the	interior	of	a	triangle	formed	by	three	primaries	at	its	corners,	e.g.	the	CIE	1931	color	space.	Recent	technologies	such	as	Texas	Instruments's	BrilliantColor
augment	the	typical	red,	green,	and	blue	channels	with	up	to	three	other	primaries:	cyan,	magenta,	and	yellow.[35]	Cyan	would	be	indicated	by	negative	values	in	the	red	channel,	magenta	by	negative	values	in	the	green	channel,	and	yellow	by	negative	values	in	the	blue	channel,	validating	the	use	of	otherwise	fictitious	negative	numbers	in	the	color
channels.	Mitsubishi	and	Samsung	(among	others)	use	BrilliantColor	in	some	of	their	TV	sets	to	extend	the	range	of	displayable	colors.[citation	needed]	The	Sharp	Aquos	line	of	televisions	has	introduced	Quattron	technology,	which	augments	the	usual	RGB	pixel	components	with	a	yellow	subpixel.	However,	formats	and	media	that	allow	or	make	use
of	the	extended	color	gamut	are	at	present	extremely	rare.[citation	needed]	Because	humans	are	overwhelmingly	trichromats	or	dichromats[b]	one	might	suppose	that	adding	a	fourth	"primary"	color	could	provide	no	practical	benefit.	However	humans	can	see	a	broader	range	of	colors	than	a	mixture	of	three	colored	lights	can	display.	The	deficit	of
colors	is	particularly	noticeable	in	saturated	shades	of	bluish	green	(shown	as	the	left	upper	grey	part	of	the	horseshoe	in	the	diagram)	of	RGB	displays:	Most	humans	can	see	more	vivid	blue-greens	than	any	color	video	screen	can	display.	Audio	bit	depth	–	corresponding	concept	for	digital	audio	Bit	plane	Image	resolution	List	of	color	palettes	List	of
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Retrieved	from	"	4Computer	color	depth	Color	depth	1-bit	monochrome	8-bit	grayscale	8-bit	color	15-	or	16-bit	color	(high	color)	24-bit	color	(true	color)	30-,	36-,	or	48-bit	color	(deep	color)	Related	Indexed	color	Palette	RGB	color	model	Web-safe	color	vte	8-bit	color	graphics	are	a	method	of	storing	image	information	in	a	computer's	memory	or	in	an
image	file,	so	that	each	pixel	is	represented	by	8	bits	(1	byte).	The	maximum	number	of	colors	that	can	be	displayed	at	any	one	time	is	256	per	pixel	or	28.[1]	8-bit	color,	with	three	bits	of	red,	three	bits	of	green,	and	two	bits	of	blue.	In	order	to	turn	a	true	color	24-bit	image	into	an	8-bit	image,	the	image	must	go	through	a	process	called	color
quantization.	Color	quantization	is	the	process	of	creating	a	color	map	for	a	less	color	dense	image	from	a	more	dense	image.[2]	The	simplest	form	of	quantization	is	to	simply	assign	3	bits	to	red,	3	bits	to	green	and	2	bits	to	blue,	as	the	human	eye	is	less	sensitive	to	blue	light.	This	creates	a	so	called	3-3-2	8-bit	color	image,	arranged	like	on	the
following	table:	Bit	7	6	5	4	3	2	1	0	Data	R	R	R	G	G	G	B	B	This	process	is	sub	optimal.	There	could	be	different	groupings	of	colors	that	make	evenly	spreading	the	colors	out	inefficient	and	likely	to	misrepresent	the	actual	image.	An	alternative	approach	is	to	use	a	palette,	with	each	of	the	256	possible	indexes	pointing	towards	a	larger	color	space	(ex:
256	colors	chosen	from	4096).	Because	the	color	map	doesn't	need	to	have	every	color	in	it	and	just	needs	to	accurately	represent	the	more	color	dense	image,	an	arbitrary	color	can	be	assigned	to	each	of	the	256	available	color	indexes	on	the	map.	Popular	approaches	for	creating	these	maps	(also	known	as	palettes)	include	the	popularity	algorithm
which	chooses	the	256	most	common	colors	and	creates	a	map	from	them.	The	more	accurate	median	cut	algorithm	resorts	and	divides	colors	to	find	the	median	of	different	color	groups	resulting	in	a	more	accurate	final	color	map.[3]	Because	of	the	low	amount	of	memory	and	resultant	higher	speeds	of	8-bit	color	images,	8-bit	color	was	a	common
ground	among	computer	graphics	development	until	more	memory	and	higher	CPU	speeds	became	readily	available	to	consumers.	8-bit	color	was	used	in	many	different	applications	including:[4][failed	verification]	The	MSX2	series	of	personal	computer	The	Uzebox	gaming	console	The	Atari	Falcon	The	NTSC	version	of	the	Atari	GTIA	The	Tiki	100
personal	computer	(limited	to	16	simultaneous	color	display)	The	Research	Machines	380Z	computer	equipped	with	a	High	Resolution	Graphics	board.	Wearable	OS	smartwatches	with	ambient	displays	Many	scanners	use	an	8-bit	grey	scale	as	their	standard	The	VGA	standard	for	graphical	interface	used	a	redefinable	256	color	(8-bit)	color	palette,
although	these	were	selected	from	an	18-bit	(6-bit	per	RGB	channel,	262,144	colors)	gamut.[5][6][7][8]	Developed	in	1987	by	IBM,	the	VGA	interface	supported	a	maximum	resolution	of	640x480	pixels.	Due	to	this	legacy,	some	image	types	such	as	GIF	and	TIFF	use	an	8-bit	color	palette	system	to	store	data.	Even	though	it	is	now	outdated	for	most
consumer	applications,	8-bit	color	encoding	can	still	be	useful	in	imaging	systems	with	limited	data	bandwidth	or	memory	capacity.	For	example,	both	Mars	Exploration	Rovers	used	an	8-bit	grayscale	format	for	navigation	imaging.[9]	Due	to	the	nature	of	the	8-bit	system,	most	images	have	different	color	maps.	Since	an	8-bit	color	display	can	not
display	two	images	with	different	color	maps	at	the	same	time,	it	is	usually	impossible	to	display	two	different	8-bit	images	on	the	same	such	display	at	the	same	time.	In	practice,	in	order	to	avoid	this	problem,	most	images	do	not	use	the	full	range	of	256	colors.	Another	problem	comes	when	doing	image	processing:	whenever	two	images	with
different	color	maps	are	added	to	each	other,	the	resulting	image	has	to	have	a	new	color	map	created,	meaning	another	quantization	operation	has	to	occur,	making	the	resulting	image	an	imperfect	version	of	the	expected	result.[1]	Currently,	most	graphics	hardware	runs	in	24-bit	truecolor	or	32-bit	truecolor	(24-bit	truecolor	and	an	8-bit	alpha
channel).	However,	some	remote	desktop	software	(Virtual	Network	Computing,	Remote	Desktop	Protocol)	can	switch	to	8-bit	color	to	conserve	bandwidth.	With	the	comparative	low	cost	and	high	speeds	of	modern	computers,	some	image	editing	is	even	done	in	a	raw	format	with	anywhere	from	12	to	14	bits	from	each	of	the	camera's	image	sensor
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unlimited	data	flat	rate.	To	avoid	receiving	a	surprisingly	high	bill	due	to	additional	volume	when	the	Internet...	Instruction	How	to	Turn	on/off	Screen-wake	when	receiving	Notifications	If	the	Android	smartphone's	screen	is	turned	off,	it	will	not	be	turned	on	by	default	when	new	notifications	are	received.	The	Android	system...	Instruction	How	to
Add	App	shortcut	on	Home	screen	If	we	use	the	app	drawer	on	the	Android	smartphone,	all	apps	are	stored	in	one	place.		For	apps	that	are	used	more	often,	shortcuts	can	be...	Instruction	How	to	Show/Hide	Screen	lock	Pattern	when	Unlocking	By	default,	the	pattern	input	is	visible	on	the	lock	screen	of	the	Android	smartphone,	which	means	that
other	people	can	also	see	the	unlock...	Instruction	How	to	Turn	On/Off	Outgoing	Message	Sounds	When	sending	an	SMS	or	MMS	message	through	the	Google	Messages	application	on	the	Android	smartphone,	a	signal	sounds	by	default	that	serves	as	a...	Instruction	Default	alarm	sound	This	setting	sets	the	default	sound	that	you	hear	when	you	set	an
alarm.	You	can	either	choose	a	preinstalled	sound	or	one	of	your	own	songs.	Instruction	How	to	Turn	On/Off	Instant	Lock	with	Power	button	If	you	activate	this	option,	pressing	your	power	button	will	not	only	set	your	device	into	sleep	mode,	but	will	also	lock	your	device	regardless...	Instruction	How	to	View	Saved	Messages	on	SIM	Card	SMS
messages	used	to	be	stored	on	the	SIM	card,	but	with	the	latest	mobile	devices	this	is	no	longer	common.	However,	in	the	Google	Messages...	Instruction	How	to	Turn	On/Off	Large	mouse	cursor	When	an	external	mouse	is	connected	to	the	Android	smartphone,	a	large	mouse	pointer	can	be	activated,	making	the	mouse	pointer	more	visible	and...
Instruction	Gradually	increase	alarm	volume	If	you	have	problems	with	waking	up	in	the	morning,	you	could	activate	this	option	to	let	the	alarm	sound	ring	louder	gradually.	Instruction	How	to	Allow/Deny	Apps	to	Modify	system	settings	Some	apps	require	access	to	make	changes	to	system	settings,	but	this	is	not	security	related	access	to	the	lock
screen	or	passwords,	but	to...	Instruction	How	to	Turn	On	Automatic	Network	selection	Usually	the	Android	9	device	connects	to	your	phone	company	automatically.	If	this	network	is	not	available,	you	can	deactivate	the	option	and...	Instruction	How	to	Turn	On/Off	Accessibility	menu	We	can	activate	the	menu	for	user	assistance	or	accessibility
features	on	the	Android	smartphone	by	means	of	an	additional	button	in	right...	For	more	tutorials	and	videos	select	a	category	in	the	filter.	Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor
cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon
the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where
your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Enjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable
backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	than	ever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	your	visuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our
original	video	podcast	covers	it	all—now	on	demand.Watch	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	than	ever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for
your	visuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our	original	video	podcast	covers	it	all—now	on	demand.Watch	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike	lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images
will	be	more	polished	than	ever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	your	visuals.Download	Our	Latest	VisualGPS	ReportData-backed	trends.	Generative	AI	demos.	Answers	to	your	usage	rights	questions.	Our	original	video	podcast	covers	it	all—now	on	demand.Watch	Now	While
Tesla	and	Waymo	continue	to	dominate	the	robotaxi	conversation,	Lucid	enters	the	fray	with	a	$300	million	joint	venture	with	Uber	and	Nuro.	If	you're	a	movie	fan,	the	Z	Flip	7	has	some	serious	chops.	The	best	movies	on	Netflix	include	Jaws,	Mad	Max:	Fury	Road,	Nonnas,	Pig,	Barbarian,	Fear	Street:	Prom	Queen,	The	Wild	Robot,	and	more.	Graphics
cards	with	just	8GB	of	VRAM	are	aging	badly.	Here's	why	you	should	steer	clear	no	matter	the	price.	A	few	layers	into	Donkey	Kong	Bananza,	I	came	across	an	objective	that	left	me	stumped.	I	was	to	reach	a	platform	and	slam	a	button	—	a	common	task	in	the	game	—	but	with	the	problem	being	its	placement.	This	specific	button	was	on	a	small,
floating	island	high	above	any	other	natural	[…]	The	NYT	Mini	crossword	might	be	a	lot	smaller	than	a	normal	crossword,	but	it	isn't	easy.	If	you're	stuck	with	today's	crossword,	we've	got	answers	for	you.	The	New	York	Times	crossword	puzzle	can	be	tough,	even	if	it	isn't	the	Sunday	issue!	If	you're	stuck,	we're	here	to	help	you	out	with	today's	clues
and	answers.	The	niche	solution	is	faster	than	ever,	but	maybe	not	for	everyone.	The	Galaxy	Watch	8	Classic	is	one	of	the	best	smartwatches	made,	but	it	has	two	key	flaws	that	let	it	down,	and	one	of	these	makes	it	very	flawed	as	a	watch.	It's	still	a	worthwhile	purchase,	but	you'll	want	to	know	more	about	these	first.	Perplexity's	Comet	browser	is
pushing	into	the	future	of	AI	agents	on	desktop.	It	will	soon	make	its	way	to	iPhones	and	Android	devices,	too.	Our	list	of	five	underrated	movies	to	watch	on	Netflix	includes	a	heist	adventure,	a	Gerard	Butler	action	pic,	and	a	Cillian	Murphy	thriller.	The	GPU	market	is	rough	right	now,	but	there's	one	graphics	card	I	consistently	recommend	to	friends
--	and	it's	not	the	one	you	think.	I	showed	30	people	the	Galaxy	Z	Fold	7	for	the	first	time,	and	their	reactions	were	incredibly	telling,	here's	why!	Yes,	Donkey	Kong	Bananza	drops	frames	when	things	get	chaotic,	but	that	doesn't	mean	the	Switch	2	is	already	at	its	limit.	We've	been	hearing	theories	about	the	Nintendo	Switch	2	for	years	now.	Here	are
the	improvements	we	think	Nintendo	needs	to	make	with	its	next	console.	Samsung	did	a	great	job	with	upgrades	on	the	Galaxy	Z	Fold	7,	but	the	Vivo	X	Fold	5	beats	it	soundly	when	it	comes	to	practical	foldable	phone	conveniences.	The	Galaxy	Z	Fold	7	has	the	same	200MP	main	camera	as	Samsung's	imaging	flagship,	but	how	does	this	compare?
What	about	against	the	iPhone	16	Pro?	I	tested	all	three	phones	to	find	out!	Razer's	latest	Pokémon	collab	is	the	most	exciting	one	yet,	but	not	for	the	reason	you	think.	These	action	movies	are	a	reminder	of	just	how	many	recent	titles	are	available	via	HBO	Max.	What	exactly	is	Alexa?	How	exactly	does	it	work?	Here's	everything	you	need	to	know
about	how	Alexa	works,	where	it	comes	from,	and	how	it	can	help	you.	These	five	movies	are	similar	to	the	legacy	sequel	vibes	at	work	in	I	Know	What	You	Did	Last	Summer.	The	50-inch	TCL	QM5K	QD-Mini	LED	4K	TV	is	a	fantastic	screen	for	your	home	theater	setup,	and	it's	on	sale	for	less	than	half-price	after	a	$350	discount	from	Best	Buy.	Page	2
These	action	movies	are	a	reminder	of	just	how	many	recent	titles	are	available	via	HBO	Max.	Razer's	latest	Pokémon	collab	is	the	most	exciting	one	yet,	but	not	for	the	reason	you	think.	What	exactly	is	Alexa?	How	exactly	does	it	work?	Here's	everything	you	need	to	know	about	how	Alexa	works,	where	it	comes	from,	and	how	it	can	help	you.	These
five	movies	are	similar	to	the	legacy	sequel	vibes	at	work	in	I	Know	What	You	Did	Last	Summer.	The	50-inch	TCL	QM5K	QD-Mini	LED	4K	TV	is	a	fantastic	screen	for	your	home	theater	setup,	and	it's	on	sale	for	less	than	half-price	after	a	$350	discount	from	Best	Buy.	Samsung's	new	Galaxy	Z	Fold	7	may	not	be	its	last	folding	phone	this	year;	here's
why	the	improvements	in	the	Galaxy	Z	Fold	7	have	me	excited	for	the	upcoming	Samsung	tri-fold:	the	Galaxy	G	Fold.	A	new	investment	in	a	key	supplier	signals	that	foldable	phones	will	finally	ditch	the	crease	What’s	happened?	Researchers	from	Seoul	National	University,	led	by	Professor	Seung-Kyun	Kang	and	Dr.	Jae-Young	Baehave	developed	a
groundbreaking	biodegradable	fiber	that	could	revolutionize	textile	electronics,	tackling	the	growing	e-waste	problem.	This	eco-friendly	material,	detailed	in	a	July	2025	study	published	in	npj	Flexible	Electronics,	degrades	naturally	without	harming	the	environment,	unlike	traditional	electronic	textiles	[…]	A	new	leak	details	what	could	be	powering
the	PS6,	but	if	true,	it	won't	be	cheap.	Next-gen	connections	and	edge	computing	are	being	combined	to	usher	in	a	new	future	Netflix	co-CEO	Ted	Sarandos	revealed	that	the	streamer	has	used	generative	AI	while	making	movies	and	TV	shows.	That	could	lead	to	problems	with	artists.	You	can	now	save	80%	off	your	first	year	of	either	Avast	Premium
Security	or	Avast	Ultimate.	Here's	how	they	help.	While	we	don't	know	when	or	how	the	PlayStation	6	will	appear,	it	is	almost	a	certainty	that	it	will.	Rumors	are	already	churning	about	it,	so	let's	dive	in.	The	Motorola	Edge	Plus	2023	is	50%	off	right	now.	We	gave	it	a	nearly-perfect	review,	calling	it	a	Pixel	killer.	The	term	cross-platform	has	been
around	for	almost	a	decade,	but	what	exactly	does	the	term	mean	for	you	as	a	player?	Amazon	is	selling	some	of	the	best	PS5	games	with	discounts	of	up	to	64%,	including	Like	a	Dragon:	Infinite	Wealth,	God	of	War	Ragnarok,	and	Ghost	of	Tsushima.	Want	to	stream	a	free	movie	this	weekend?	Check	out	these	three:	an	Indiana	Jones	masterpiece,	an
coming-of-age	tale,	and	a	hilarious	'90s	comedy.	These	Netflix	shows	are	some	of	the	ones	I	love	most,	but	it	might	not	occur	to	you	to	check	them	out.	A	daredevil	stuntman	who	set	a	world	record	more	than	decade	ago	for	the	highest-ever	skydive	has	died	in	a	paragliding	accident	in	Italy.	This	weekend,	watch	these	three	underrated	movies	on	HBO
Max:	a	twisty	thriller,	a	slasher	prequel,	and	a	Batman	sequel.	The	portrait	is	called	'Algorithm	King'	and	it	was	painted	by	a	robot	called	Ai-Da.	These	three	movies	are	all	excellent,	and	they're	all	titles	you	might	have	missed	when	they	were	released	just	a	few	years	ago.	Netflix	has	a	deep	slate	of	movies,	but	I	really	struggle	to	find	something	that	I
can	pick.	Here	are	three	that	you	should	check	out.	Check	out	the	three	Game	Pass	games	you	need	to	play	this	weekend.	You	have	20	seconds	to	comply.	July	just	keeps	heating	up	with	even	more	amazing	games	coming	to	PlayStation	Plus.	Here	are	the	three	I	think	you	should	play	this	weekend.	The	Galaxy	Z	Fold	7	is	the	best	folding	phone	for
most	people.	It's	thinner,	lighter	and	sleeker	than	ever,	and	the	design	is	so	nice	you'll	want	to	forgive	its	shortcomings.	Amazon	Alexa	and	Apple	HomeKit	are	two	of	the	best	smart	home	platforms	available,	but	which	is	best	for	your	home?	Here's	a	closer	look	to	help	you	decide.	Apple	News+	just	launched	the	Emoji	Game	that	challenges	players	to
decode	phrases	based	on	emojis.	New	quirky	design	apes	Apple’s	famous	earbuds		Here's	what	we	know	about	the	upcoming	fifth	and	final	season	of	Netflix's	hit	series	Stranger	Things.	What’s	Happened?	A	video	circulating	social	media	and	YouTube	showcases	a	custom	racing	drone	built	by	Trinx	Pepino,	accelerating	from	0	to	200	km/h	in	just	one
second,	leaving	even	Formula	1	cars	in	the	dust.	Shared	across	platforms	like	Reddit	and	X,	this	feat	highlights	the	raw	power	of	modern	FPV	(First	Person	View)	[…]	ESR's	keyboard	borrows	the	sleek	magnetic	design	of	Apple's	pricey	keyboard	cases,	but	waters	it	down	to	a	much	more	palatable	price	for	the	entry-level	iPad.	Early	rumors	‘cancelling’
Apple’s	new	display	tech	look	to	have	been	reversed.	Wireless	customers	continue	to	be	glued	to	their	devices,	with	usage	jumping	40	minutes	daily	compared	to	early	2024,	per	the	J.D.	Power	2025	U.S.	Wireless	Network	Quality	Performance	Study—Volume	1.	Over	a	third	of	Gen	X	and	Gen	Y	users	are	on	their	phones	for	more	than	eight	hours	every
two	days,	mostly	streaming,	[…]	Page	3	The	trip	the	the	planet's	core	in	Donkey	Kong	Bananza	is	a	lot	longer	than	you	might	think.	Here's	how	long	it	takes	to	beat	this	Switch	2	platformer.	If	you're	craving	more	combat	like	Clair	Obscur:	Expedition	33,	you	need	to	check	out	this	rocking	RPG.	If	you've	never	signed	up	for	a	Sam's	Club	membership,
here's	your	chance	at	a	50%	discount.	Here's	how	to	access	this	amazing	offer.	Ready	to	upgrade	to	Google	Pixel	10?	Here's	everything	you	need	to	know	about	the	upcoming	Pixel	phone.	Quarterback,	a	docuseries	about	NFL	QBs,	is	one	of	our	three	underrated	shows	on	Netflix	you	need	to	watch	in	July.	The	Alienware	16	Aurora	gaming	laptop	with
the	Nvidia	GeForce	RTX	5060	graphics	card	and	32GB	of	RAM	is	$400	off	in	Dell's	Black	Friday	in	July	sale,	but	maybe	not	for	much	longer.	Your	old	mop	just	got	outclassed.	The	Tineco	FLOOR	ONE	S9	Artist	Steam	upgrades	the	entire	experience.	Whether	you’re	tackling	spilled	coffee,	stubborn	pet	messes,	or	the	high-traffic	grime	of	daily	life,	this
all-in-one	floor	washer	and	steam	cleaner	is	built	to	handle	it	all	with	next-level	tech,	design,	and	power.	For	a	limited	time,	[…]	The	company's	CEO	has	ambitious	plans	for	AI	agents,	but	many	of	the	company's	workers	are	sure	to	have	concerns.	Why	it	matters:	Vague	policies	on	platforms	like	Steam	risk	chilling	developer	creativity,	especially	for
indie	creators	tackling	edgy	themes,	while	raising	broader	concerns	about	content	freedom	in	gaming	amid	global	regulations.	The	news:	Valve	quietly	updated	its	Steamworks	guidelines	to	ban	content	violating	payment	processors’	rules,	targeting	“certain	kinds”	of	adult-only	material	that’s	not	[…]	Marketed	by	Nothing	as	its	first	true	flagship
(though	some	beg	to	differ	on	this	point),	the	Nothing	Phone	3	garnered	a	lot	of	interest	when	it	officially	launched	at	the	start	of	this	month.	Of	course,	it	wasn’t	long	before	the	new	$799	handset	fell	into	the	hands	of	popular	tech	YouTuber	Zack	Nelson	[…]	SpaceX's	Starship	spacecraft	exploded	exploded	on	the	ground	last	month,	ahead	of	its	10th
flight	test.	But	now	it's	getting	ready	to	go	again.	The	Apple	AirPods	4	are	31%	off	and	the	Apple	AirPods	4	with	ANC	are	29%	off	from	Best	Buy.	Here's	your	chance	at	savings	when	buying	the	wireless	earbuds.	The	Dell	Inspiron	15	3530,	a	laptop	with	the	13th-generation	Intel	Core	i3	processor	and	8GB	of	RAM,	is	part	of	Dell's	Black	Friday	in	July
sale	with	a	$150	discount.	Apple	owners	are	having	to	pay	a	lot	more	for	the	privilege.	Why	it	matters:	External	GPUs	(eGPUs)	like	Razer’s	latest	could	supercharge	slim	laptops	and	handhelds	for	AAA	gaming	or	creative	work,	especially	as	Thunderbolt	5	ramps	up	bandwidth.	But	with	fewer	all-in-one	features,	it’s	a	mixed	bag	for	users	craving
simplicity.	You	need	to	buy	more	accessories	for	the	Core	X	V2	encloser	to	make	[…]	First	Blood	is	one	of	the	great	war	movies	ever	made,	and	it's	the	perfect	way	to	use	your	Peacock	subscription	this	month.	Why	it	matters:	As	smartphones	like	the	iPhone	16	and	Galaxy	S25	push	charging	speeds	higher,	Qi2‘s	evolution	to	2.2	promises	up	to	50W
wireless	power—cutting	charge	times	and	heat—	but	adoption	has	been	sluggish,	leaving	users	stuck	with	slower	15W	Qi2	tech.	This	new	power	bank	could	kickstart	the	upgrade	wave	for	on-the-go	charging.	[…]	Qualcomm	set	to	create	its	first	chip	designed	for	a	smartwatch	The	colors	of	the	upcoming	iPhone	17	Pro	have	leaked	and	Apple	is	about
to	make	one	of	the	boldest	colors	on	a	smartphone	in	years.	Here's	what	you	need	to	know.	Intuit	QuickBooks	Online	is	a	cloud-based	software	that	will	help	you	grow	your	small	business.	Sign	up	now	while	all	plans	are	90%	off	for	three	months,	starting	at	$3.50	per	month.	Why	it	matters:	In	a	world	hungry	for	faster	data—think	AI	training,	quantum
computing,	8K	streaming,	and	massive	cloud	backups—Japan’s	breakthrough	pushes	the	boundaries	of	what’s	possible	with	existing	fiber	optics,	potentially	slashing	global	latency	and	boosting	connectivity	for	billions.	The	news:	Researchers	in	Japan	have	clocked	a	mind-blowing	402	terabits	per	second	(Tbps)	over	[…]	The	Pixel	10	launch	is	just	a
few	weeks	away.	Christopher	Nolan's	film,	Inception,	premiered	15	years	ago,	and	it	continues	to	be	his	most	distinctive	and	impactful	movies	ever.	Who	cares	about	the	long	hiatus?	The	Stranger	Things	season	5	teaser	trailer	looks	awesome,	and	you're	going	to	watch	it.	Instead	of	jumping	on	the	newest	games	all	the	time,	there	are	tons	of	games
that	might	be	older	than	you	worth	going	back	to.	Nintendo	has	announced	who	will	play	the	role	of	Link	and	Zelda	in	the	upcoming	movie.	Donkey	Kong	Bananza	differentiates	itself	from	Mario	by	breaking	the	mold	of	the	3D	platforming	genre	as	a	whole.	Navigation	in	the	Rivian	R1S	and	R1T	just	got	much	better.	For	those	excited	to	learn	more
about	James	Gunn	and	DC	Studios'	upcoming	Superman	film,	here's	a	breakdown	of	everything	that's	been	revealed	about	it	so	far.	Imagine	if	your	pool	cleaned	itself	before	your	next	cannonball.	That’s	essentially	what	the	Fanttik	Aero	X	robotic	pool	cleaner	is	built	to	do	and	right	now,	it’s	doing	it	for	$400	less.	The	high-performance	robot	is	down	to
$499	(from	$899)	when	you	check	the	coupon	box	at	checkout.	What	makes	the	Aero	X	[…]	The	list	of	the	10	most	popular	movies	on	Netflix	right	now	includes	a	new	Madea	movie	and	a	Project	X	documentary.	Uber	has	partnered	with	a	number	of	firms	for	robotaxi	services,	but	this	latest	alliance	is	getting	more	attention	than	most.	Netflix	has
released	its	list	of	the	10	most	popular	TV	shows	for	the	last	week.	The	top	shows	include	a	Canadian	romantic	drama	and	a	boxing	event.	A	recent	update	to	WeTransfer’s	terms	of	service	caused	consternation	after	some	of	its	customers	feared	that	it	meant	content	from	files	uploaded	to	the	popular	file-sharing	service	would	automatically	be	used	to
train	AI	models.	But	the	Netherlands-based	company	insisted	on	Tuesday	that	this	is	not	the	case,	saying	in	a	statement	that	it	[…]	Page	4	Why	it	matters:	Google’s	push	to	blend	Chrome	OS	and	Android	could	supercharge	affordable	laptops	like	Chromebooks,	making	them	more	versatile	for	work	and	play.	This	move	echoes	Apple’s	seamless
ecosystem	across	iPadOS	and	macOS,	potentially	shaking	up	the	PC	market	where	Windows	dominates	but	innovation	lags.	What’s	happening:	In	a	bombshell	interview,	Google’s	Android	[…]	Our	readers	are	able	to	save	$50	more	off	of	existing	pre-order	deals	with	this	special	link.	SpaceX	has	been	enjoying	growing	uptake	of	its	internet-from-space
Starlink	service,	but	in	a	weird	twist,	the	company	is	about	to	lend	a	hand	to	its	main	rival	in	the	sector.	These	BritBox	shows	are	the	perfect	entry	points	for	the	entirety	of	the	streaming	service	if	you're	a	new	subscriber.	The	Carbon	Gray	version	of	the	Garmin	Fenix	7	Pro	Sapphire	Solar	is	now	$400	off.	Google’s	AI	agent,	dubbed	Big	Sleep,	has
achieved	a	cybersecurity	milestone	by	detecting	and	blocking	an	imminent	exploit	in	the	wild—marking	the	first	time	an	AI	has	proactively	foiled	a	cyber	threat.	Developed	by	Google	DeepMind	and	Project	Zero,	Big	Sleep	identified	a	critical	vulnerability	in	SQLite	(CVE-2025-6965),	an	open-source	database	engine,	that	was	on	[…]	The	GoPro	Hero	13
Black	is	originally	sold	for	$430,	but	you	can	currently	get	the	action	camera	at	a	discounted	price	of	$329	from	Amazon.	The	Roku	Streaming	Stick,	which	supports	HD	resolution,	is	down	to	its	lowest-ever	price	of	$19	from	Amazon	after	a	37%	discount.	Why	it	matters:	Apple	fans	dying	to	try	the	latest	iPhone	OS	have	faced	a	wait	longer	than
expected	for	the	iOS	26	public	beta,	diverging	from	Apple’s	usually	rapid	rollout.	A	near-term	release	could	help	ramp	up	user	testing	,	work	out	bugs,	and	increase	excitement	ahead	of	the	full	launch	this	fall,	especially	[…]	Apple	HomeKit	is	one	of	many	smart	home	platforms	available	today,	and	it	allows	you	to	communicate	with	all	the	equipment	in
your	house.	Here's	a	closer	look.	Furiosa:	A	Mad	Max	Saga	is	one	of	the	five	sci-fi	movies	on	Netflix	to	watch	this	month.	Check	out	the	rest	of	our	picks	inside.	Hot	off	the	heels	of	Summer	Game	Fest,	Gamescom	Opening	Night	Live	2025	will	have	a	ton	of	new	announcements.	Here's	how	to	tune	in.	The	road	to	the	2025	Emmys	has	begun.	It	was	a
good	day	for	Apple	TV+,	as	Severance	led	the	way	with	27	nominations.	View	more	of	our	observations	inside.	The	Galaxy	Z	Fold	7,	Flip	7	and	Flip	7	FE	have	all	officially	launched	in	a	wide	range	of	colors,	but	which	color	should	you	buy?	I	saw	all	the	different	colors	to	find	out.	Not	only	is	the	hit	Cyberpunk	2077:	Ultimate	Edition	coming	to	Mac,	but
it	is	getting	some	exclusive	upgrades.	The	first	stage	of	OnePlus	AI	arrives	on	the	flagship	smartphone.	Want	to	take	a	quick	glance	at	what	video	games	are	set	to	be	releases	soon?	Here's	our	list	of	video	games	to	watch	that	are	coming	out	in	2025	and	beyond.	Considered	to	be	one	of	the	best	QLED	TVs,	Hisense’s	U8	mini-LED	QLED	(aka	the
U8QG)	is	already	quite	popular.	But,	when	you	take	the	ubiquitous	55-inch	TV	size	and	give	it	a	43%	discount	it’s	a	recipe	for	a	trending	deal.	And	that’s	what	Best	Buy	has	done	right	now.	This	deal,	that	gives	[…]	Google's	tipped	to	deny	its	most	expensive	phone	a	top	spec.	The	HP	OMEN	MAX	16t	gaming	laptop	is	customizable	and,	you	can	now
save	$500	on	your	favorite	configuration.	The	new	desktop	robot	is	as	cute	as	it	is	innovative.	Now	that	Denis	Villeneuve's	Dune:	Part	Two	is	a	box	office	sensation,	we're	sharing	everything	that	you	need	to	know	about	Dune:	Part	Three.	OnePlus	Nord	5	combines	standout	looks	with	top-shelf	practical	perks.	If	Samsungs	wants	a	truly	great	Galaxy
S25	FE,	this	is	where	it	should	look	and	learn.	Superman	has	been	on	the	screen	for	decades,	but	Hollywood	has	not	always	been	kind	to	the	first	ever	superhero.	Ever	since	I	shifted	away	from	the	AirPods	4	and	got	the	OnePlus	Buds	4,	the	latter's	audio	and	functional	excellence	have	made	it	hard	to	put	them	down.	The	four	crew	members	of	Axiom
Space’s	Ax-4	mission	have	departed	the	International	Space	Station	(ISS)	and	are	on	their	way	home	after	an	18-day	stay	aboard	the	orbital	outpost.	Traveling	inside	a	SpaceX	Crew	Dragon,	private	astronauts	Peggy	Whitson	(U.S.),	Shubhanshu	Shukla	(India),	Sławosz	Uznański-Wiśniewski	(Poland),	and	Tibor	Kapu	(Hungary)	undocked	from	the	ISS
[…]	The	Samsung	Galaxy	Tab	S9	with	256GB	of	storage	is	on	sale	from	Amazon	with	a	27%	discount,	despite	Prime	Day	ending	days	ago.	The	Lenovo	V100	All-in-One	PC	with	32GB	of	RAM	and	a	1TB	SSD	is	30%	off	from	Amazon,	even	though	Prime	Day	has	already	ended.	The	Dell	Vostro	3530	with	32GB	of	RAM	is	an	excellent	laptop	for	productivity,
and	it's	still	28%	off	from	Amazon	after	Prime	Day	ended.	Three	underrated	movies	to	watch	in	July	2025	include	a	Jaws	documentary,	a	Pete	Davidson-led	thriller,	and	a	hilarious	Area	51	film.	Alongside	antioxidant	index	sensing	and	vascular	load	monitoring	while	asleep,	the	Galaxy	Watch	8	series	has	another	lifesaving	feature,	which	is	the	first	of	its
kind.	The	conversations	around	difficulty	settings	in	video	games	miss	the	point	of	why	they're	an	option.	Wybot’s	Summer	Sale	is	live	with	up	to	40%	off	robotic	pool	cleaners.	Shop	direct	and	save	big	through	July	27.	25	years	later,	X-Men	set	the	stage	for	comic	book	movies	to	dominate	theaters	and	Hollywood	in	the	21st	century.	Page	5	How	a	few
smart	gear	choices	turned	a	camping	trip	with	toddlers	into	something	unexpectedly	easy	and	enjoyable.	Accidentally-leaked	prices	suggest	the	ROG	Xbox	Ally	could	be	more	of	a	blow	to	the	wallet	than	expected.	Vacuuming	is	such	a	chore	...	unless	you're	in	space.	NASA	astronaut	Don	Pettit	has	shared	a	gorgeous	image	that	he	captured	while
aboard	the	space	station.	It	involved	a	flight	from	Cape	Canaveral,	Florida,	that	took	place	on	Sunday.	Our	picks	for	three	underrated	movies	on	Hulu	to	watch	in	July	include	a	Danny	Boyle	sci-fi	thriller,	a	charming	coming-of-age	tale,	and	a	survival	drama.	OnePlus	Buds	4	deliver	an	extremely	good	noise	cancelation	experience,	and	pair	it	with	a	rich
sound	output	and	solid	battery	life.	Plus...	was	I	wrong	about	OLED	being	the	highest	mainstream	standard	for	TV	performance?	As	audiences	rave	over	James	Gunn's	Superman,	fans	should	check	out	similar	comic	book	movies	like	Man	of	Steel	and	Guardians	of	the	Galaxy.	I	love	my	Switch	2,	but	it	didn't	give	me	any	of	the	same	feelings	of	past
console	launches	and	I	figured	out	why.	Revealed	at	the	2025	Goodwood	Festival	of	Speed,	the	Hyundai	Ioniq	6	N	repackages	the	Ioniq	5	N's	gimmicks	in	a	sleeker	shape.	You	might	use	Alexa	every	day,	but	you	might	be	overlooking	some	of	its	best	features.	Out	of	the	box	your	Hisense	TV	will	deliver	great	picture	quality.	Bright	colors.	Crisp
movement.	Definitely	a	crowd-pleaser!	But	you	aren’t	here	merely	for	“great”	when	the	FIFA	Club	World	Cup	2025™	final	match	kicks	off.	You	want	to	feel	every	goal,	every	replay,	and	every	anthem.	This	is	more	than	a	tournament,	it’s	[…]	Richard	Donner's	Superman:	The	Movie	is	a	classic	of	superhero	cinema,	but	James	Gunn's	Superman
improved	on	it	in	several	ways.	Launch	games	define	each	console	generation,	but	which	were	the	best	on	each	PlayStation	system?	Disney+	has	a	lot	of	movies	that	conform	to	a	few	categories,	but	this	movie	is	something	of	a	difference.	Find	out	the	answer	inside.	The	beautiful	game	is	a	pulse	to	soccer	fans	worldwide.	And	just	like	the	ebb	and	flow
of	a	pulse	on	a	heart	monitor,	soccer	fans’	emotions	do	the	same	with	every	chance,	every	tackle,	and	every	save.	The	FIFA	Club	World	Cup	2025™	has	been	the	biggest	club	tournament	in	recent	memory	and	fans	[…]	There’s	nothing	like	being	at	a	live	soccer	match	—	the	thrum	of	the	crowd,	the	rhythmic	chants,	the	moment	of	pure	euphoria	when	a
goal	goes	in.	However,	it’s	not	always	possible	to	get	to	the	stadium	so	the	challenge	lies	in	replicating	this	all-encompassing	experience	from	the	comfort	of	one’s	home.	This	pursuit	[…]	The	DC	Universe	takes	flight	as	James	Gunn's	film,	Superman,	delivers	a	wacky,	thoughtful,	and	uplifting	thrill	ride.	The	LG	G5	is	our	choice	as	the	best	OLED	TV,
and	you	can	get	its	65-inch	model	at	its	lowest-ever	price	following	a	15%	discount	from	Amazon	for	Prime	Day.	We	tagged	the	Google	Pixel	Watch	3	as	the	best	smartwatch	for	Android,	and	you	can	get	its	45mm,	Wi-Fi	model	at	its	lowest-ever	price	of	$285	for	Prime	Day.	The	Samsung	HW-Q990D	is	the	top	pick	in	our	list	of	the	best	soundbars,	and
you	can	get	it	with	a	41%	discount	from	Amazon	until	Prime	Day	ends.	The	Dyson	V15	Detect	Plus	features	a	laser	that	will	show	you	invisible	dust	particles.	It's	24%	off	from	Amazon's	Prime	Day	for	a	discounted	price	of	$570.	The	best	new	shows	to	stream	this	week	include	Dexter:	Resurrection,	Too	Much,	Ballard,	Squid	Game	season	3,	and	more.
The	best	new	movies	to	stream	this	week	include	Heads	of	State,	Sinners,	Drop,	A	Minecraft	Movie,	Nosferatu,	and	more.	Tony	Hawk's	Pro	Skater	3	+	4	is	an	excellent	remaster	that	nails	the	vibes	of	the	originals.	Our	picks	for	action	movies	on	Netflix	to	watch	in	July	include	a	Mission:	Impossible	entry,	a	GDT	sci-fi	spectacle,	and	a	Charlize	Theron-
led	sequel.	Samsung	explains	why	DeX	arrived	with	the	seventh	generation	Z	Flip,	and	not	before.	The	fourth	and	final	day	of	Amazon's	sales	event	is	here,	and	there	are	plenty	of	Prime	Day	deals	still	available.	The	highly	anticipated	follow-up	to	Ghost	of	Tsushima	has	been	revealed.	Ghost	of	Yotei	will	not	directly	follow	Tsushima,	so	let's	look	at
what's	in	store.	Across	land,	sea,	and	air,	these	are	the	best	Mario	Kart	tracks	across	the	entire	franchise.	The	Google	Nest	Doorbell,	our	top	pick	among	the	best	video	doorbells,	is	on	sale	from	Amazon	with	a	33%	discount	for	Prime	Day.	The	Arlo	Pro	5S	is	our	pick	as	the	best	home	security	camera,	and	you	can	buy	it	at	its	lowest-ever	price	of	$90
from	Amazon's	Prime	Day.	The	Apple	iPad	Air	M3	is	on	sale	for	Amazon's	Prime	Day.	Get	the	11-inch	model	with	Wi-Fi	and	128GB	of	storage	at	20%	off,	but	only	if	you	hurry.	Page	6	The	55-inch	TCL	QM6K	TV	is	at	an	all-time	low	Amazon	price	of	$448.	The	HyperX	Cloud	Stinger	2	is	our	pick	as	the	best	budget	gaming	headset,	and	it's	even	more
affordable	from	Amazon's	Prime	Day	with	a	26%	discount.	The	Google	Pixel	9	is	at	its	best	Amazon	price	of	the	year,	and	the	lowest	we've	seen	since	November.	The	512GB	model	of	the	Samsung	Galaxy	S25	Ultra	is	on	sale	from	Amazon's	Prime	Day	at	26%	off,	for	its	lowest	price	so	far	of	just	$1,055.	The	Ring	Spotlight	Cam	Plus	is	down	to	$90,	an	all
time	low	Amazon	price,	for	Prime	Day	2025.	The	Panasonic	Z95A	is	a	killer	TV,	and	costs	under	$2,000	right	now,	with	Sit	back	and	relax	to	this	ambient	masterpiece	made	from	airport	sounds.	These	Netflix	shows	are	just	as	interesting	as	many	of	the	most	popular	shows	on	the	streamer,	but	they	haven't	always	got	the	same	level	of	attention.
Looking	for	something	to	watch	this	weekend?	Stream	three	great	free	movies:	The	Running	Man,	a	Steven	Spielberg	sci-fi	epic,	and	a	Jim	Carrey	masterpiece.	These	Netflix	movies	are	wildly	different,	but	each	of	them	is	underrated	for	one	reason	or	another.	Check	out	our	list.	There's	only	going	to	be	one	winner	at	the	box	office	this	weekend.
These	Amazon	Prime	Video	movies	are	a	reminder	of	just	how	many	genuinely	underrated	titles	are	available	on	the	service.	If	you're	enamored	by	tablets,	but	hold	back	due	to	their	functional	limitations,	you	can	put	your	faith	in	the	Surfacw	Pro	12-inch	at	an	unbeatable	price.	This	weekend,	watch	these	three	underrated	movies	on	HBO	Max:	a
supervillain	team-up	adventure,	an	'80s	action	pic,	and	a	mid-budget	thriller.	I'll	help	you	beat	the	heat	this	weekend	with	the	coolest	new	Game	Pass	games	you	can	play.	As	summer	heats	up,	I've	picked	out	a	handful	of	amazing	PlayStation	Plus	games	to	keep	you	cool	this	weekend.	These	are	the	best	Prime	Day	laptop	deals	available	for	this	year's
sales	event!	Here	are	the	best	Prime	Day	monitor	deals	to	shop	today	in	the	Amazon	Prime	Early	Access	Sale,	but	they'll	be	gone	soon.	Hurry,	if	you're	interested!	The	best	time	to	buy	PC	games	is	during	the	Steam	sales,	but	when	exactly	is	the	next	one?	We'll	let	you	know	how	long	you	have	to	save	up	for	the	next	sale.	It's	time	to	collect	more
SKATE	letters,	grind	longer	rails,	and	defy	gravity	in	Tony	Hawk's	Pro	Skater	3	+	4.	Here's	everything	we	know	about	this	remake.	The	best	Prime	Big	Deal	Days	headphone	deals	that	are	still	available	are	right	here.	These	include	offers	for	pairs	made	by	top	brands,	but	you	have	to	hurry.	Will	NBA	2K26	let	you	run	the	court	with	friends	on	other
platforms?	Let's	see	if	this	game	is	a	slam	dunk	for	cross-platform	support.	Our	picks	for	three	rom-coms	on	Netflix	to	watch	in	July	include	a	beloved	sequel,	a	forgotten	Angelina	Jolie	movie,	and	a	'90s	coming-of-age	tale.	Samsung's	updated	foldable	phones	and	smartwatches	are	here.	The	Fitbit	Charge	6	is	our	favorite	fitness	tracker	and	its	now



down	to	its	lowest	ever	price.	You	can	now	get	the	OnePlus	13R	for	$500.	The	Apple	AirPods	Max	with	USB-C	are	now	just	$399	on	Amazon.	The	OnePlus	13	with	512GB	of	storage	is	on	sale	from	Amazon's	Prime	Day	for	$880,	which	is	its	lowest-ever	price	so	far.	Meta	will	seemingly	pay	anything	to	build	its	AI	team	so	that	it	can	take	on	the	likes	of
Google,	Microsoft,	and	OpenAI.	The	Beats	Powerbeats	Pro	2	are	$70	off	for	Prime	Day	and	we've	The	Marshall	Middleton	is	one	of	our	favorite	Bluetooth	speakers,	and	you	can	buy	it	with	a	44%	discount	from	Amazon	for	Prime	Day.	The	Oura	Ring	4	is	our	choice	as	the	best	smart	ring,	and	its	Brushed	Silver	variant	is	on	sale	for	the	first	time	during
Amazon's	Prime	Day	at	15%	off.	The	1More	SonoFlow,	our	choice	as	the	best	budget	headphones,	are	available	from	Amazon's	Prime	Day	with	a	20%	discount	that	drops	their	price	to	just	$60.	The	Beats	Pill	is	our	top	choice	among	the	best	Bluetooth	speakers,	and	it's	on	sale	for	its	lowest-ever	price	for	Amazon's	Prime	Day.	Page	7	The	65-inch	model
of	the	Sony	A95L	QD-OLED	4K	TV,	our	"best	overall	TV,"	is	on	sale	at	17%	off	from	Amazon	for	Prime	Day.	DJI	Power	2000	Power	Station	review:	perfect	for	outages,	drones	and	camping	The	Great	is	one	of	the	best	shows	in	the	history	of	Hulu,	and	it's	one	you	should	make	time	for	you	if	you	haven't	already.	Upgrade	your	TV	with	the	TCL	Prime	Day
deals	that	we've	rounded	up	here.	Whether	you're	on	a	tight	budget	or	you	want	to	splurge,	take	a	look	at	these	offers.	We're	bringing	you	the	best	Prime	Day	power	tool	deals	from	popular	brands	such	as	DeWalt	and	Milwaukee.	Mecha	Break	isn't	perfect,	but	it	nails	the	feeling	of	darting	around	the	battlefield	in	a	giant	robot.	The	Samsung	Galaxy
Fold	7	is	one	of	the	most	stylish	foldable	smartphones	on	the	market,	but	despite	also	being	one	of	the	most	expensive,	one	question	popped	up:	where	has	the	S	Pen	gone?	The	answer:	it’s	no	longer	supported,	thanks	to	the	need	to	make	the	device	thinner	and	more	attractive	to	hold.	[…]	Trying	out	the	Samsung	Galaxy	Watch	8	and	Watch	8	Classic
is	a	tough	gig	–	not	in	terms	of	it	being	a	hardship	to	try	out	two	high-end	models,	but	that	it’s	impossible	to	assess	them	with	only	30	minutes’	use.	I	can	easily	talk	about	the	improved	design	and	the	fit	of	the	[…]	The	Galaxy	Z	Fold	7	is	finally	here.	It's	thinner,	lighter	and	the	nicest	Samsung	folding	phone	yet.	Here's	why	I'm	completely	smitten.	I
never	really	thought	that	I’d	want	to	go	down	the	route	of	owning	a	flip	phone,	ever	since	I	swore	off	my	Nokia	in	the	early	2000s	(you	know,	the	one	with	the	weird	felt	covering	and	tiny	notification	window).	Fast	forward	two	decades,	and	I’m	considering	rejoining	the	race,	thanks	to	the	Samsung	[…]	AI	is	an	inevitability	in	gaming,	so	we	need	to
evolve	the	way	we	talk	about	it.	If	you’re	looking	to	upgrade	your	audio	experience,	Baseus	has	a	trio	of	fresh,	open-ear	options	that	offer	high-end	performance	without	sky-high	prices.	Whether	you’re	pounding	pavement,	commuting,	or	just	vibing	on	your	couch,	the	Bowie	MC1	Pro,	BC1,	and	BP1	Pro	are	engineered	to	fit	your	lifestyle	and	your	ears.
Bowie	MC1	Pro:	Clip-on	[…]	Tineco's	vacuums	offer	big	upgrades,	and	they	have	a	special	Prime	Day	price.	If	your	job	runs	on	meetings,	calls,	and	chaos,	RecDot	might	just	become	your	new	favorite	coworker.	From	July	8	to	11,	Viaim’s	AI-powered	earbuds	are	down	to	$199	for	Amazon	Prime	Day,	a	full	20%	off	their	regular	$249.99	price	tag.
RecDot	isn’t	your	average	pair	of	wireless	earbuds.	Sure,	they	sound	great	and	[…]	If	you’re	comparing	the	iGarden	Pool	Cleaner	K	Pro	with	the	standard	K	model,	you’re	likely	wondering	whether	the	jump	in	design	and	features	is	worth	it.	The	short	answer?	Absolutely.	Particularly	if	you’re	serious	about	aesthetics,	longevity,	and	truly	intelligent
performance.	While	both	machines	represent	a	leap	forward	in	automated	pool	maintenance,	the	K	[…]	Big-screen	dreams?	This	is	the	moment	you’ve	been	waiting	for.	Valerion’s	VisionMaster	Pro	2,	the	flagship	laser	projector	that’s	dominated	Reddit	AV	threads	and	wowed	CES	attendees,	is	finally	seeing	its	first-ever	price	drop.	And	it’s	a	good	one.
For	Prime	Day	2025,	the	VisionMaster	Pro	2	is	20%	off,	bringing	the	price	down	to	[…]	The	tech	giant	is	about	to	unveil	new	gear.	Here's	how	to	watch	...	What's	a	company	to	do	when	their	products	are	already	on	sale	during	Prime	Day?	Make	them	even	cheaper!	These	crime	dramas	are	a	reminder	of	how	many	great	movies	are	available	on	HBO
Max,	or	whatever	it's	called	now.	Imagine	the	cacophony	of	some	85	million	smartphones	all	going	off	at	once.	Well,	that’s	precisely	what’s	going	to	happen	in	the	U.K.	in	September.			With	so	many	Prime	Day	deals,	we've	focused	on	all	the	best	Garmin	watch	Prime	Day	deals	here,	as	well	as	offered	some	buying	advice.	There	are	all	kinds	of
Alienware	Prime	Day	deals	for	gaming	laptops	and	gaming	PCs	that	are	available,	so	don't	miss	this	huge	opportunity	at	massive	savings!	Plaud	Note	and	Plaud	NotePin	are	your	Looking	for	more	4Ks,	Blu-rays,	and	DVDs?	Add	to	your	physical	media	collection	with	Amazon	Prime	Day's	3-for-2	promotion.	Lego	fans,	don't	miss	the	fantastic	discounts
that	are	available	from	Lego	Prime	Day	deals.	Enjoy	savings	on	Lego	sets	featuring	Star	Wars,	Technics,	and	more!	The	Beatbot	iSkim	Ultra	robotic	pool	cleaner	is	47%	off	for	Amazon's	Prime	Day,	slashing	the	device's	price	from	$1,499	to	just	$799.	The	Nothing	Phone	3	delivers	one	of	the	most	unique	experiences	on	a	phone,	but	it	falls	short	in	a
key	area	that	stops	its	from	being	a	true	flagship.	Here's	our	review.	As	part	of	Amazon's	Prime	Day	deals	fest,	Apple's	second-gen	AirPods	Pro	earbuds	have	received	a	deep	price	cut,	which	makes	them	an	absolute	steal.	We've	conquered	dozens	of	dungeons	as	Link	over	the	years,	but	which	ones	stand	above	the	rest?	Romero	Games	has	not	been
shut	down,	and	there's	a	chance	its	cancelled	game	might	survive.	New	movies	and	TV	shows	on	Netflix	in	July	2025	include	The	Old	Guard	2,	Happy	Gilmore	2,	The	Sandman	season	2,	and	more.	If	you’ve	been	holding	off	on	getting	a	robot	mower	because	you	can’t	stand	the	idea	of	burying	boundary	wires	or	babysitting	your	lawn	from	a	clunky	app,
Prime	Day	is	delivering	for	you	once	again.	The	Yardcare	M800	Plus	is	one	of	the	most	intelligent,	user-friendly	smart	mowers	you	can	buy	and	now	it’s	[…]	The	Tineco	Pure	One	vacuum	is	on	sale	for	Prime	Day,	but	you	can	get	5%	off	of	that	price	with	a	special	code.	The	Tineco	Floor	One	Stretch	S6	cordless	wet-dry	vacuum	cleaner	is	back	down	to
its	lowest-ever	price	of	$349	for	Amazon's	Prime	Day,	but	you	can	get	an	extra	5%	off	with	this	code.	Page	8	The	Tineco	Carpet	One	Cruiser	smart	carpet	cleaner	is	already	on	sale	for	its	lowest-ever	price	of	$489	for	Amazon's	Prime	Day,	but	we've	got	a	code	that	will	let	you	enjoy	an	additional	5%	discount.	You	can	enjoy	up	to	$750	in	savings	when
buying	Aiper	robotic	pool	cleaners	for	Prime	Day.	There's	also	an	additional	5%	discount	available	--	here's	how	to	get	it.	The	Anker	Solix	C1000	and	the	Anker	Solix	F3800	Plus	are	on	sale	at	up	to	46%	off	for	Amazon's	Prime	Day.	If	you	need	a	portable	power	station,	grab	either	of	these	deals.	Tired	of	sweating	through	weekend	yard	work?	Amazon
Prime	Day	is	cutting	more	than	just	prices,	it’s	giving	your	lawn	a	trim,	too.	These	deals	on	YUKA	robotic	lawn	mowers	are	your	chance	to	automate	grass-cutting	chores	with	smart,	hands-off	tech	that	fits	everything	from	tight	suburban	plots	to	sprawling	half-acre	lawns.	YUKA	Mini	500H	[…]	Baseus	power	banks	will	extend	the	battery	life	of	your
phone,	and	now	they're	on	sale.	We	loved	the	OnePlus	Watch	3,	it’s	our	best	Android	smartwatch,	but	for	all	its	excellent	attributes	there	was	one	disappointment.	The	size.	More	specifically,	the	lack	of	size	options.	The	Watch	3	arrived	in	a	single,	47mm	body	size.	Great	for	those	with	large	wrists	looking	for	a	sizable	timepiece,	but	it	alienated	buyers
[…]	NASA	astronaut	Don	Pettit	has	just	shared	a	beautiful	shot	of	the	Grand	Canyon	captured	from	the	space	station	during	his	recent	stay	there.	NASA	is	aiming	to	send	astronauts	back	to	the	moon	before	the	end	of	this	decade,	and	it's	using	VR	technology	to	get	ready.	Hulu's	July	2025	lineup	includes	The	Equalizer	3,	Prometheus,	Bachelor	in
Paradise	season	10,	It’s	Always	Sunny	in	Philadelphia	season	17,	and	more.	Amazon	Prime	Video's	July	2025	lineup	includes	Heads	of	State,	The	Summer	I	Turned	Pretty,	Wicked,	Ballard,	and	more.	The	Man	from	U.N.C.L.E.	is	now	on	Netflix,	and	it's	much	better	than	you	might	remember	from	its	release	back	in	2015.	OK,	it's	not	a	real	iPhone.	It
runs	Android	and	cost	$59	—	so	how	well	does	it	stand	up	to	this	durability	test.	I	don’t	need	yet	another	screen	in	my	life.	Or	at	least	that’s	what	I	have	been	telling	myself	for	years.	I	used	to	believe	it	was	a	pet	peeve.	But	a	quick	look	at	Reddit	and	X	shows	a	whole	bunch	of	people	who	are	experimenting	with	the	“dumb	phone”	trend,	or	flaunting
their	[…]	There	are	all	sorts	of	chests	to	make	in	Minecraft,	but	copper	ones	are	special.	Here's	how	to	make	this	unique	item	holder.	The	thick	fog	of	Silent	Hill	makes	it	hard	to	see	how	to	play	this	horror	series	in	order,	but	I	can	show	you	the	way.	Beatbot	has	slashed	the	prices	of	its	robotic	pool	cleaners	by	up	to	$930	ahead	of	Amazon's	Prime	Day.
If	you	want	to	buy	one	of	these	smart	devices,	don't	miss	this	chance	at	huge	savings!	Dyson	recently	finished	testing	a	huge	robot-powered	growing	system	for	cultivating	strawberries.	Watch	it	in	action.	Wimbledon	is	using	a	high-tech	camera	system	in	place	of	line	judges	for	the	first	time	this	year.	On	Sunday,	something	went	badly	wrong	with	it.	A
new	message	on	the	band's	official	social	channels	gives	us	a	better	idea	of	what's	been	going	on.	Chris	answers	your	questions	on	OLED,	LG	G5	vs	G2,	and	whether	77	inches	is	enough.	Roblox	has	been	a	blind	spot	for	me	for	years,	but	now	that	I've	played	it	for	myself,	I	totally	understand	its	appeal.	The	Secretary	of	Health	Services	wants	every
American	to	use	a	wearable	device	in	the	next	four	years.	Experts	say	it's	a	great	move,	but	not	a	cure-all.	EVs	can't	afford	to	ignore	function	for	form,	but	the	2026	Nissan	Leaf	shows	how	both	can	be	combined.	These	mystery	movies	will	grip	you	from	the	moment	they	start	and	keep	you	hooked	all	the	way	through.	Stream	these	free	mysteries	now.
Tony	Hawk's	Pro	Skater	3	+	4	is	grinding	onto	a	console	or	PC	near	you	soon,	but	you	need	to	preload	if	you	want	to	hit	the	streets	as	soon	as	possible.	I'm	loving	my	Switch	2	so	far,	but	it	isn't	as	easy	to	recommend	as	the	original	just	yet.	Google's	initial	offers	on	Google	Pixel	9	phones	end	soon.	The	Nothing	Headphone	1	is	the	most	unique	designed
headphones	you'll	see,	but	it	somewhat	fails	to	hit	the	mark	in	certain	key	areas.	Following	an	impressive	theatrical	run	this	spring,	Ryan	Coogler's	Sinners	is	now	available	to	stream	on	HBO	Max.	The	MacBook	Air	M3	with	24GB	of	RAM	is	24%	off,	and	discontinued.	It's	great	for	WFH.	The	GPS,	42mm	model	of	the	Apple	Watch	Series	10	with	the
Sport	Loop	is	available	from	Amazon	at	25%	off,	ahead	of	the	arrival	of	Prime	Day	next	week.	The	Amazon	Echo	Spot	is	a	smart	alarm	clock	that's	powered	by	Amazon's	Alexa,	and	it's	on	sale	with	a	44%	discount	ahead	of	Prime	Day.	Robot	vacuums	are	much	more	automated	than	traditional	vacuums,	but	they	still	require	some	attention.	Here	are	8
tips	and	tricks	to	optimize	your	robot	vacuum.	Astronaut	Nichole	Ayers	recently	witnessed	a	phenomenon	known	as	a	sprite	from	the	International	Space	Station.	Page	9	Stream	these	great	free	movies	from	July	4-6:	Independence	Day,	a	Jurassic	Park	adventure,	and	a	riveting	courtroom	drama.	Wybot	robotic	pool	cleaners	are	on	sale	from	the
brand's	own	Prime	Day	deals,	with	discounts	of	up	to	43%	off.	You	need	to	hurry	though,	as	time	is	running	out	on	the	offers.	These	Netflix	shows	are	highly	underrated	and	a	reminder	of	all	the	great	stuff	that	Netflix	tends	to	bury.	One	of	our	picks	is	Supergirl.	These	three	Netflix	movies	are	all	very	different,	but	each	of	them	is	well	worth	your	time
if	you're	looking	for	something	to	watch.	A	new	six-part	Netflix	show	dives	deep	with	one	of	nature’s	most	feared	—	and	misunderstood	—	creatures.	These	are	three	different	movies	that	are	all	underrated	for	one	reason	or	another,	and	are	the	perfect	way	to	spend	a	long	weekend.	This	weekend,	watch	one	of	these	three	underrated	movies	on	HBO
Max:	Napoleon	Dynamite,	a	charming	romantic	dramedy,	and	a	sci-fi	thriller.	Looking	for	something	to	do	this	weekend?	Then	how	about	checking	out	this	new	movie?	The	best	part	of	the	fourth	of	July	weekend	is	having	an	extra	day	to	play	new	Game	Pass	games.	I	have	the	three	best	games	you	should	play.	This	year	marks	the	15th	anniversary	of
PlayStation	Plus,	so	we	have	some	awesome	games	to	play	over	the	holiday	weekend.	Director	Gareth	Edwards's	film,	Jurassic	World	Rebirth,	presents	a	thrilling,	visually	stunning	blockbuster	that	struggles	to	stand	out.	Amazon	Prime	Day	is	a	great	opportunity	for	discounts	on	Blackstone	griddles.	The	The	Stop	Killing	Games	movement	hits	a	major
milestone	towards	preserving	online	games	after	being	shut	down.	Whether	you're	thinking	about	buying	a	new	desktop	PC,	laptop,	or	monitor,	you	won't	want	to	miss	these	Dell	Prime	Day	deals.	Samsung's	smart	Bespoke	refrigerator	is	down	to	$3,299	during	their	July	4th	sale.	The	HyperX	Cloud	Alpha	Wireless	gaming	headset,	which	offers
incredible	sound	quality	and	battery	life	of	up	to	300	hours,	is	on	sale	from	Amazon	at	30%	off.	After	years	of	being	all	but	useless,	we	finally	have	good	reasons	to	use	all	that	copper.	Here's	how	to	make	a	friendly	copper	golem	in	Minecraft.	Helldivers	2	is	a	hit	for	Sony	and	can	be	played	on	PlayStation	5	or	PC.	But	if	you	want	to	play	the	game	on
Xbox,	you	may	be	wondering	what	the	future	holds.	After	many	requests	and	a	long	wait,	Helldivers	2	will	finally	be	available	somewhere	besides	PlayStation	5	and	PC.	The	HP	Smart	Tank	7602	is	$100	off	for	a	limited	time.	It's	our	favorite	printer.	In	the	six	years	between	reviewing	Death	Stranding	and	Death	Stranding	2:	On	the	Beach,	my
relationship	with	games	has	completely	changed.	The	Alienware	18	Area-51	gaming	laptop	with	the	Nvidia	GeForce	RTX	5070	Ti	graphics	card	and	32GB	of	RAM	is	$500	off	from	Dell's	Black	Friday	in	July	sale.	We're	hunting	out	the	best	Best	Buy	Prime	Day	TV	deals	and	we've	spent	time	looking	at	what	you	should	consider	when	buying	a	new	TV.
The	first-ever	meal	eaten	in	space	comprised	beef	and	liver	paste	squeezed	through	a	tube.	Next	year,	ISS	astronauts	will	be	able	to	enjoy	something	much	tastier.	Do	look	up	at	the	sky	this	month	and	enjoy	all	that	it	has	to	offer.	Less	than	a	month	after	it	recalled	a	power	bank	due	to	a	fire	risk,	Anker	has	recalled	five	more	models	for	the	same
reason.	Making	the	most	of	Amazon's	virtual	assistant,	Alexa,	isn't	that	tough.	We've	compiled	a	list	of	the	top	Echo	speaker	tips	and	tricks	that	everyone	should	know.	Apple	Watch	Series	11	will	hit	the	shelves	this	Fall.	An	aesthetic	overhaul	could	be	absent	this	year,	but	some	cool	new	tricks	might	land	on	your	wrist.	The	first	teaser	trailer	for
Christopher	Nolan's	The	Odyssey	has	been	released.	However,	it	comes	with	an	important	caveat.	Switching	between	apps	is	a	productivity	routine	for	all	Mac	users.	Dory	makes	the	chore	a	lot	easier	and	gives	it	an	aesthetic	spin	that	is	a	joy	to	watch.	Samsung's	27-inch	Odyssey	G3	is	at	a	really	low	price	for	Prime	Day.	The	Shokz	OpenRun	Pro	2	are
incredibly	great,	but	they're	admittedly	just	an	iteration	of	the	original	Shokz	OpenRun	Pro,	which	are	now	$50	off.	Another	wave	of	layoffs	has	hit	Microsoft	and	reportedly	resulted	in	the	cancellation	of	Rare's	upcoming	IP.	After	25	years	of	games,	spinoffs,	comics,	and	novels,	Halo	is	in	desperate	need	of	a	reboot.	Page	10	In	an	interview	with	Digital
Trends,	The	Old	Guard	2	cast	discusses	character	development	and	witnessing	iconic	movie	moments.	The	75-inch	Amazon	Fire	TV	Omni	QLED	Series	4K	TV,	originally	sold	for	$1,100,	is	down	to	its	lowest-ever	price	of	$570	in	an	early	Prime	Day	deal.	The	world's	thinnest	foldable	phone	impresses	with	hardware	which	will	surprise	you.	The	Honor
Magic	V5	is	super	slim,	but	it	also	bulks	out	in	one	key	area.	The	Lenovo	ThinkPad	T14	Gen	5	laptop,	which	features	the	Intel	Core	Ultra	7	155U	processor	and	32GB	of	RAM,	is	available	from	Lenovo's	Black	Friday	in	July	sale	with	a	$1,440	discount.	The	next	yearly	Madden	title	is	on	the	way,	but	will	it	feature	full	cross-platform	support?	I've	spent
48	hours	with	the	new	Nothing	Headphone	1,	and	while	they	have	a	stylish	design,	I've	found	that	they	offer	much	more	than	this.	Here's	why	I'm	impressed	so	far.	Amazon	is	close	to	having	more	robots	operating	inside	its	warehouses	than	humans	after	the	e-commerce	giant	announced	this	week	that	it	now	has	more	than	a	million	robots	working	at
its	facilities	around	the	world.	Over	the	years,	Amazon	has	spent	billions	of	dollars	on	the	development	and	deployment	of	warehouse-based	robots,	which	handle	[…]	The	first	stage	booster	of	a	SpaceX	Falcon	9	rocket	has	just	done	something	for	the	very	first	time.	Want	a	dash	cam?	We've	rounded	up	the	best	deals,	along	with	tips	on	making	the
right	choice	for	your	needs.	Not	sure	you	need	a	voice	assistant,	or	want	to	learn	more	about	what	a	digital	butler	like	Alexa	can	do?	Our	in-depth	guide	will	take	you	through	it.	This	is	the	Nothing	Phone	3,	one	of	the	most	unique	smartphone	designs	ever	made	and	it	comes	with	a	feature	you've	never	seen	before.	After	the	first	trailer	for	The
Running	Man,	Glen	Powell	is	clearly	a	better	Ben	Richards	than	Arnold	Schwarzenegger.	Red	Dead	Online	just	introduced	four	new	missions	that	include	shambling	hordes	and	killer	robots.	We're	over	the	halfway	mark	in	2025	and	know	all	the	big	games	on	the	way.	These	are	some	smaller	titles	you	shouldn't	ignore.	Our	final	Donkey	Kong	Bananza
demo	gave	us	a	two	hour	tour	of	a	chaotic	platformer	clearly	built	from	Super	Mario	Odyssey's	DNA.	A	lot	of	games	support	cross-platform	play	now,	but	it's	hard	finding	all	of	them	in	one	spot.	We	did	the	digging	to	make	a	list	of	all	cross-platform	games.	Android	16	brings	a	bunch	of	next-gen	tricks	to	the	table,	but	after	testing	it	for	months,	I	highly
recommend	these	five	features	to	all	enthusiasts.	I	thought	the	idea	of	web	browsing	on	a	watch	was	dumb.	Then	I	tried	the	Ant	browser,	and	it	changed	my	perception	of	how	they	can	solve	multiple	problems.	This	July,	xTool	isn’t	just	opening	a	new	office	in	Mountain	View,	California,	it’s	setting	up	shop	with	purpose.	Their	U.S.	Brand	Launch
Experience,	timed	with	the	debut	of	xTool’s	first	American	headquarters,	is	more	than	a	launch	party.	It’s	a	look	at	how	the	company	is	thinking	long-term	about	tools,	creators,	and	community.	At	[…]	Autonomous	AI-powered	robots	recently	battled	it	out	in	the	RoBoLeague	World	Robot	Soccer	League	in	China.	Watch	the	chaos	here.	The	TP-Link
Archer	AX21	router,	which	supports	Wi-Fi	6	technology	with	total	bandwidth	of	up	to	1.8Gbps,	is	on	sale	from	Amazon	at	45%	off	in	an	early	Prime	Day	deal.	We're	just	weeks	from	Apple	finally	launching	the	new	WatchOS	26	public	beta.	Here's	the	one	feature	I	can't	wait	to	try,	which	also	has	me	excited	to	use	my	Apple	Watch	again.	A	lottery
operator	in	Norway	told	thousands	of	players	they'd	won	large	amounts	of	cash.	But	there	was	bad	news	to	come	...	The	like-new	refurbished	Amazon	Fire	Max	11	tablet	is	down	to	$130	as	part	of	early	Prime	Day	Deals.	The	85-inch	Hisense	U6	Series	4K	TV	is	on	sale	from	Amazon	at	30%	off	ahead	of	Prime	Day,	but	the	65-inch	and	55-inch	models	are
also	discounted.	Pocket	has	only	days	left,	so	you	might	want	to	switch	to	this	alternative	read-it-later	app.	The	Shark	AV2501S	is	at	a	very	low	price	for	early	Prime	Day	deals.	We've	recommend	it	for	pet	hair	before.	The	Abound	LR	is	available	at	a	price	that	allows	you	to	stock	up	on	a	selection	of	accessories	for	carrying	kids,	touring,	hauling
groceries,	or	even	delivering	pizza.	Movie	sequels	like	Exorcist	II	and	Terminator	3	fail	or	miss	the	mark	so	much,	they	arguably	didn't	need	to	be	made.	Summer	is	here,	time	to	rip	the	tarp	off	the	pool	and	start	enjoying	the	sunshine.	But	hold	up	–	the	pool	has	been	sitting	there	for	months	now.	It’s	collected	a	film	of	algae	along	the	bottom.	Somehow
there’s	scum	a	few	inches	above	the	waterline.	Have	the	tiles	always	been	that	color?	Your	[…]	Apple	is	reportedly	planning	a	more	affordable	MacBook	powered	by	the	same	processor	as	the	iPhone	16	Pro.	It	sounds	ridiculous,	but	practically	exciting,	too.	Now's	your	chance	to	put	all	your	Half-Life	skills	to	work	in	Halo	multiplayer.	In	the	official
trailer	for	Project	Hail	Mary,	Ryan	Gosling	plays	a	middle	school	teacher	turned	astronaut	who	might	be	humanity's	only	hope	for	survival.	A	tablet	can	make	a	nice	addition	to	one’s	device	ecosystem,	and	shopping	the	best	tablet	deals	is	a	great	way	to	take	a	tablet	home	with	some	savings.	The	Amazon	Fire	Tablet	is	one	worth	taking	a	look	at	for	a
balance	of	performance	and	affordability,	with	there	currently	being	almost	as	many	Amazon	Fire	Tablet	deals	as	there	are	models	in	the	lineup.	Below	you	can	find	all	of	the	best	ways	to	save	on	a	Fire	Tablet,	and	if	you’d	like	to	see	what	the	competition	has	to	offer,	don’t	miss	today’s	best	Samsung	tablet	deals,	best	iPad	deals,	best	Microsoft	Surface
Laptop	and	Surface	Pro	deals,	or	best	Kindle	deals.	Amazon	Fire	HD	8	—	$80	with	trade-in	$100	20%	off	Amazon	If	you	just	need	a	basic	tablet	for	simple	functions	such	as	browsing	the	internet,	doing	online	shopping,	and	watching	streaming	shows,	the	incredibly	affordable	Amazon	Fire	HD	8	may	be	enough.	It’s	not	going	to	wow	you	with	its
performance,	as	it’s	only	equipped	with	2GB	of	RAM	with	limited	storage	of	32GB,	but	it’s	got	an	8-inch	touchscreen	with	HD	resolution	and	built-in	support	for	Amazon’s	Alexa,	so	if	that’s	all	you	need,	go	for	the	Amazon	Fire	HD	8.	Buy	Now	Amazon	Fire	HD	10	—	$112	with	trade-in	$140	20%	off	Simon	Hill	/	Digital	Trends	/	Digital	Trends	The
Amazon	Fire	HD	10	offers	a	large	10.1-inch	touchscreen	with	Full	HD	resolution,	for	bright	colors	and	sharp	details	when	watching	streaming	shows	and	playing	games,	and	faster	performance	compared	to	the	previous	version	of	the	tablet	with	its	3GB	of	RAM.	Its	32GB	of	storage	space	may	be	increased	by	up	to	1TB	using	its	microSD	card	slot,	and
its	durable	design	and	strengthened	display	makes	sure	that	it	won’t	easily	get	damaged	by	daily	wear	and	tear.	Buy	Now	Amazon	Fire	HD	10	Plus	(refurbished)	—	from	$106	Amazon	The	Amazon	Fire	HD	10	Plus	is	another	in	the	lineup	that	offers	some	amazing	value.	It	has	a	10.1-inch	Full	HD	screen	and	can	reach	up	to	12	hours	of	battery	life	on	a
single	charge.	This	display	is	also	10%	brighter	than	previous	models,	which	makes	the	Fire	HD	10	Plus	a	tablet	you	can	use	in	almost	any	lighting	situation.	Some	features	that	make	the	Fire	HD	10	Plus	model	stand	out	over	the	Amazon	Fire	HD	10	are	wireless	charging,	4GB	of	RAM,	and	a	soft-touch	finish	that	makes	it	look	pretty	sleek.	Buy	Now
Amazon	Fire	HD	10	Kids	Pro	—	$152	with	trade-in	$190	20%	off	Amazon	This	deal	is	exclusive	to	Amazon	Prime	subscribers,	so	if	you’re	in	the	market	for	a	tablet	and	like	to	take	advantage	of	Amazon	Prime	now	is	the	time	to	do	so.	The	Amazon	Fire	HD	10	Kids	Pro	is	the	tablet	for	you	if	you’re	looking	to	land	a	deal	on	one	of	the	best	tablets	for	kids.
It’s	made	for	kids	ages	6-12,	coming	with	a	1-year	subscription	to	Amazon	Kids+,	a	service	with	access	to	thousands	of	ad-free	books,	games,	videos	and	apps.	It’s	also	set	up	for	parents	to	stay	in	control	of	the	device.	Kids	can	request	apps	and	ebooks,	while	parents	must	approve	purchases	and	downloads.	The	web	browser	has	built-in	controls	to
help	filter	out	inappropriate	sites	and	let	you	block	specific	ones.	The	Amazon	Fire	HD	Kids	Pro	can	reach	up	to	12	hours	of	life	on	a	single	charge,	and	its	10.1-inch	display	comes	in	at	Full	HD	resolution.	Buy	Now	Amazon	Fire	Max	11	(128GB)	—	$224	with	trade-in	$280	20%	off	Andy	Boxall	/	Digital	Trends	The	Amazon	Fire	Max	11	is	also	in	our
roundup	of	the	best	Android	tablets,	but	as	the	one	that	provides	the	most	value.	For	a	relatively	affordable	price,	you’ll	be	getting	a	11-inch	screen	with	2000	x	1200	resolution	that’s	great	for	watching	videos,	a	battery	life	of	up	to	14	hours,	and	64GB	of	storage	that	you	can	increase	to	up	to	1TB	by	inserting	a	microSD	card.	The	tablet	is	powered	by
an	octa-core	processor	and	4GB	of	RAM,	and	it	supports	Wi-Fi	6	for	lag-free	internet.	Buy	Now	More	Amazon	Fire	tablet	deals	we	love	There	are	other	models	of	Amazon	Fire	tablets	that	are	on	sale	right	now,	if	you	want	to	take	a	look	at	alternatives	to	our	top	picks	above.	These	offers	aren’t	going	to	last	for	long	though,	as	there’s	always	high
demand	for	the	devices,	especially	when	their	prices	have	been	slashed.	Shop	any	of	these	Amazon	Fire	tablet	deals	as	soon	as	possible,	because	we’re	not	sure	if	they’ll	still	be	available	tomorrow.	Andrew	has	been	writing	professionally	for	more	than	20	years	and	has	been	writing	about	tech	for	three	of	them.	His	focus	at…	Last	summer	we	looked
at	the	2023's	Amazon	Fire	Max	11	once	more,	concluded	it	was	still	among	the	best	Android	tablets,	and	have	since	stayed	essentially	silent	about	it.	Until	now.	That's	because	there's	a	limited	time	deal	going	on	over	at	Amazon	for	their	Fire	Max	11	tablet.	Usually	it	is	$230	but	while	this	deal	lasts	it	is	$185.	That's	a	savings	of	20%	or,	to	save	you	the
arithmetic,	$45	off.	And,	of	course,	that	brings	new	life	and	interest	to	the	machine.	You	can	tap	the	button	below	to	see	the	deal	for	yourself.	It's	been	awhile	since	this	tablet	(again,	one	of	the	best	Android	tablets)	has	gotten	hype,	so	you're	excused	for	having	forgotten	about	all	of	its	details.	But	don't	worry,	if	you	keep	reading,	we'll	bring	you	back
up	to	speed.	Read	more	If	you're	thinking	of	picking	up	one	of	the	best	phones	on	the	market,	then	you'll	almost	certainly	want	to	grab	yourself	a	discount,	especially	with	how	expensive	phones	have	been	getting.	Keeping	an	eye	on	the	best	iPhone	deals,	best	Samsung	Galaxy	S24	deals,	best	Samsung	Galaxy	S24	Ultra	deals,	and	best	Google	Pixel	8
deals	is	one	way	to	track	down	some	savings,	or	you	can	tune	in	right	here,	where	we’ve	rounded	up	all	of	the	best	phone	deals	from	retailers	and	carriers	across	the	internet.	A	couple	of	other	ways	to	save	on	a	new	phone	include	checking	out	the	best	prepaid	phone	deals	and	by	shopping	the	best	cell	phone	plan	deals.	But	read	onward	if	you’re	in
search	of	the	best	phone	deals	available	and	you’ll	find	discounts	on	phones	from	Google,	Nokia,	Motorola,	Samsung,	and	more.	Motorola	Razr+	2023	(256GB)	--	$480	$1,000	52%	off	The	renowned	flip	phone	is	back	and	better	than	ever	with	the	Motorola	Razr+	2023.	It's	lightweight	and	compact.	Has	an	excellent	camera	with	fast-charging	support,
and	also	features	dust	and	water-resistance.	The	6.9-inch	144Hz	inner	screen	looks	fantastic	when	it's	unfolded,	with	a	cute	little	character	called	Moo	brightening	up	the	external	notifications	display.	Worth	noting	that,	while	there	is	no	direct	discount	on	the	page	itself,	this	color	version	is	half	off	from	the	regular	price	for	any	of	the	other	colors.
Read	more	Apple	makes	some	of	the	best	tablets	on	the	market,	and	if	you're	in	the	Apple	ecosystem,	then	it	makes	sens	to	grab	yourself	an	iPad,	although	they	can	get	quite	pricey.	That	does	mean	you'll	have	to	snag	one	of	several	best	tablet	deals,	but	that's	quite	alright,	given	some	of	the	best	Apple	deals	out	there	include	iPads.	We’ve	rounded	up
all	of	the	best	iPad	deals	worth	shopping	today,	and	reading	onward	you’ll	find	discounts	on	everything	from	budget	iPads	to	recent	releases.	You’ll	also	find	some	savings	on	iPad	accessories.	If	you’d	like	to	sort	through	the	competition	as	well,	be	sure	to	check	out	today’s	Samsung	tablet	deals,	Amazon	Fire	tablet	deals,	and	Surface	Laptop	and
Surface	Pro	deals.	Apple	iPad	10.9	(10th	Gen)	(64GB)	--	$279	$349	20%	off	The	10.9-inch	iPad	remains	one	of	the	best	iPads	for	someone	on	a	budget.	If	you	just	want	an	easy	to	use	tablet	to	browse	the	internet,	watch	some	streaming	shows,	and	do	other	straightforward	tasks,	it's	a	reasonable	solution.	The	10th	Gen	version	is	powered	by	Apple's
A14	Bionic	chip,	has	a	liquid	Retina	display,	WiFi	6	for	better	connectivity,	and	works	with	Touch	ID.	Read	more	Image	not	available	forColor:	To	view	this	video	download	Flash	Player
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