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Apple	Pencil	Pro	adds	even	more	magical	capabilities	to	help	bring	your	ideas	to	life.	Advanced	features	like	squeeze,	barrel	roll,	and	haptic	feedback	make	marking	up,	taking	notes,	and	creating	a	masterpiece	more	intuitive	than	ever.	Use	Apple	Pencil	hover	to	preview	exactly	where	Apple	Pencil	Pro	will	touch	down	on	the	display,	and	double-tap	to
quickly	switch	tools.	And	if	you	misplace	it	while	you’re	out	and	about	or	at	home,	you	can	easily	locate	it	in	the	Find	My	app.	Apple	Pencil	Pro	pairs,	charges,	and	stores	magnetically	on	the	side	of	your	iPad.	Octane	X	Want	to	give	your	brand	videos	a	cinematic	edge?	Join	our	visual	experts	and	special	guests	for	an	info-packed	hour	of	insights	to
elevate	your	next	video	project.	Tune	in	on	June	24	at	11am	ET.Register	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	ReportWant	to	give	your	brand	videos	a	cinematic	edge?	Join	our	visual	experts	and	special	guests	for	an	info-packed	hour	of	insights	to	elevate	your	next	video	project.	Tune	in	on	June	24	at	11am	ET.Register	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	ReportWant	to	give	your	brand	videos	a	cinematic	edge?	Join	our	visual	experts	and	special
guests	for	an	info-packed	hour	of	insights	to	elevate	your	next	video	project.	Tune	in	on	June	24	at	11am	ET.Register	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	Report	Writing	on	a	PDF	on	an	iPad	is	simple	and	efficient.	You	can	use	various	apps	to	annotate,	sign,	or	edit	a	PDF	directly.	The	process	involves	opening	the	PDF	in	a	suitable	app,	selecting	the	editing	tools,	and	then	writing	your	notes	or
signatures.	Here’s	a	detailed	step-by-step	guide	to	get	you	started	and	make	the	most	out	of	this	feature.	By	following	these	steps,	you	will	learn	how	to	write	on	a	PDF	using	an	iPad.	We’ll	utilize	the	built-in	app	called	Apple	Books	for	this	tutorial,	but	you	can	apply	these	steps	to	other	apps	like	Adobe	Acrobat	Reader	or	GoodNotes.	First,	locate	and
open	the	PDF	file	on	your	iPad.	You	can	find	your	PDF	in	the	Files	app	or	any	app	where	it	is	stored.	Tap	on	the	file	to	open	it.	If	prompted,	choose	Apple	Books	or	another	compatible	app	to	view	the	PDF.	Once	the	PDF	is	open,	tap	on	the	markup	tool.	In	Apple	Books,	this	tool	looks	like	a	pen	and	is	often	found	at	the	top	of	the	screen.	Tapping	it	will
reveal	a	toolbar	with	various	annotation	options	like	pens,	highlighters,	and	erasers.	Pick	the	pen,	highlighter,	or	another	tool	from	the	toolbar.	Each	tool	offers	different	styles	and	colors.	Adjust	the	settings	to	match	your	writing	style.	You	can	change	the	thickness	and	color	of	the	pen	or	highlighter	to	suit	your	needs.	Start	writing	directly	on	the	PDF
using	your	finger	or	an	Apple	Pencil.	Simply	touch	the	screen	where	you	want	to	write.	You	can	add	notes,	draw	shapes,	or	highlight	text.	The	Apple	Pencil	provides	a	natural	writing	experience,	making	it	easier	to	annotate	documents.	After	you’re	done,	save	your	changes	to	keep	your	annotations.	Tap	‘Done’	or	a	similar	button	to	save	your	work.
Your	annotations	will	be	stored	in	the	PDF,	ready	for	future	reference	or	sharing.	After	you	complete	these	steps,	your	PDF	will	have	all	your	handwritten	notes	saved.	You	can	share	the	edited	PDF	via	email,	cloud	storage,	or	any	other	method	you	prefer.	Use	an	Apple	Pencil:	If	you	have	an	Apple	Pencil,	it	makes	writing	on	PDFs	much	smoother	and
more	precise.	Explore	different	apps:	Try	other	apps	like	Adobe	Acrobat	Reader,	GoodNotes,	or	Notability	for	more	features.	Adjust	tool	settings:	Customize	the	pen	or	highlighter	settings	to	improve	readability	and	comfort.	Practice	writing:	Spend	some	time	getting	used	to	writing	on	a	screen	if	you’re	new	to	it.	Keep	your	iPad	updated:	Ensure	your
iPad	and	apps	are	updated	for	the	best	performance	and	features.	Yes,	you	can	write	on	any	PDF	using	the	appropriate	apps	on	your	iPad.	No,	you	can	use	your	finger,	but	an	Apple	Pencil	offers	better	precision	and	ease.	Popular	apps	include	Apple	Books,	Adobe	Acrobat	Reader,	GoodNotes,	and	Notability.	Yes,	some	apps	like	Notability	offer
handwriting-to-text	conversion	features.	Changes	are	saved	but	can	usually	be	edited	or	removed	later,	depending	on	the	app.	Open	the	PDF	file.	Select	the	markup	tool.	Choose	your	writing	tool.	Write	on	the	PDF.	Save	your	changes.	Writing	on	a	PDF	with	an	iPad	is	a	straightforward	process	that	can	greatly	enhance	your	productivity,	especially	in
educational	or	professional	settings.	With	the	right	tools	and	a	bit	of	practice,	you	can	easily	annotate,	highlight,	and	take	notes	directly	on	your	digital	documents.	Apps	like	Apple	Books,	Adobe	Acrobat	Reader,	and	GoodNotes	offer	various	features	to	suit	your	needs.	Remember	to	explore	these	apps	and	customize	the	settings	to	make	your	writing
experience	as	smooth	as	possible.	By	mastering	this	skill,	you	can	streamline	your	workflow	and	make	the	most	out	of	your	iPad’s	capabilities.	Whether	you’re	a	student,	professional,	or	just	someone	who	loves	jotting	down	notes,	writing	on	PDFs	on	an	iPad	is	a	game-changer	that	you	should	definitely	try.	Matthew	Burleigh	has	been	writing	tech
tutorials	since	2008.	His	writing	has	appeared	on	dozens	of	different	websites	and	been	read	over	50	million	times.	After	receiving	his	Bachelor’s	and	Master’s	degrees	in	Computer	Science	he	spent	several	years	working	in	IT	management	for	small	businesses.	However,	he	now	works	full	time	writing	content	online	and	creating	websites.	His	main
writing	topics	include	iPhones,	Microsoft	Office,	Google	Apps,	Android,	and	Photoshop,	but	he	has	also	written	about	many	other	tech	topics	as	well.	Read	his	full	bio	here.	To	save	a	PDF	to	your	iPad,	select	the	Share	icon	and	tap	Save	to	Files.	Open	the	PDF	in	the	Files	app.	Tap	the	pen	icon	in	the	top-right	corner.	Tap	the	+	icon	to	add	text	or	a
signature.	Use	the	pen	tools	to	draw	on	the	document.	1	Download	the	PDF	to	your	iPad.	Once	the	PDF	is	on	your	iPad,	it'll	be	easy	to	edit	it	with	the	Files	app.	To	download	the	PDF:	If	the	PDF	you	want	to	edit	was	emailed	to	you	or	you	found	it	on	the	web,	tap	the	link	to	open	it.	Tap	the	Share	icon	(the	square	with	an	up-arrow)	or	select	Open	in.
Tap	Save	to	Files	to	save	it	to	the	Files	app.[1]	Choose	a	folder	to	save	the	file	in.	2	Open	the	Files	app.	You'll	find	this	blue	folder	icon	on	your	Home	screen	or	in	your	App	Library.[2]	Advertisement	3	Locate	and	select	the	PDF.	This	opens	the	PDF	in	the	Files	viewer.	4	Swipe	in	from	the	left	side	of	the	screen.	This	displays	smaller	thumbnail	versions
of	every	page	in	the	PDF.	5	Select	the	page	you	want	to	sign	or	fill	out.	Just	swipe	down	through	the	thumbnails	and	tap	the	one	that	has	required	fields.	6	Tap	the	pen	icon	.	You'll	see	it	at	the	top	of	the	screen.	This	opens	Markup,	which	contains	editing	tools	you	can	use	to	fill	out	and	sign	the	document.[3]	7	Tap	the	+.	It's	at	the	bottom	of	the
screen.	Now	you'll	see	some	helpful	Markup	tools.[4]	8	Type	anywhere	on	the	PDF	with	the	text	tool.	To	use	the	text	tool:[5]	Tap	Text	on	the	Markup	menu.	This	places	a	text	box	on	the	page.	Type	some	text	into	the	box.	Drag	the	text	box	to	the	appropriate	location	on	the	PDF.	Tap	the	color	options	to	change	the	font	color,	or	aA	to	change	the	text
size.	Resize	the	text	box	by	dragging	inward	or	outward	from	any	of	its	corners.	9	Use	Signature	to	sign	a	form.	Need	to	add	your	signature	somewhere	on	the	PDF?	Tap	Signature	on	the	Markup	menu	to	do	so:[6]	The	first	time	you	tap	this	option,	you'll	be	asked	to	draw	your	signature.	You	can	use	your	finger	or	Apple	Pencil	to	do	so.	Once	a
signature	is	in	place,	tap	and	drag	it	over	to	the	area	you	want	to	sign.	10	Use	the	pen	and	pencil	tools	to	draw	on	the	document.	If	you	want	to	add	some	marks	other	than	text	and	signatures,	you	can	use	any	of	the	pen	tools	at	the	bottom	of	the	screen	to	draw	with	your	finger	or	Apple	Pencil.[7]	11	Tap	Done	when	you're	finished.	This	exits	Markup
and	returns	you	to	your	newly	signed	or	filled	out	PDF	file,	which	is	now	ready	to	share.	To	share	the	PDF,	tap	the	blue	square	with	an	upward-pointing	arrow	at	the	bottom-left	corner,	and	then	choose	an	app	to	share	with.	Advertisement	1	Download	the	PDF	to	your	iPad.	Once	the	PDF	is	on	your	iPad,	it'll	be	easy	to	edit	it	with	the	Files	app.	To
download	the	PDF:	If	the	PDF	you	want	to	edit	was	emailed	to	you	or	you	found	it	on	the	web,	tap	the	link	to	open	it.	Tap	the	Share	icon	(the	square	with	an	up-arrow)	or	select	Open	in.	Tap	Save	to	Files	to	save	it	to	the	Files	app.[8]	Choose	a	folder	to	save	the	file	in.	2	Open	the	Files	app.	You'll	find	this	blue	folder	icon	on	your	Home	screen	or	in	your
App	Library.[9]	3	Locate	and	select	the	PDF.	This	opens	the	PDF	in	the	Files	viewer.	4	Rotate	a	page.	If	a	page	in	the	PDF	is	rotated	in	the	wrong	direction,	it's	easy	to	fix:[10]	Tap	and	hold	the	thumbnail	of	the	page	in	the	left	panel.	Tap	Rotate	Left	or	Rotate	Right	as	needed.	5	Insert	a	new	page.	You	can	add	pages	to	the	PDF	from	a	new	scan,
another	file,	or	even	a	simple	blank	page.	Here's	how:[11]	Find	the	page	you	want	to	delete	in	the	thumbnails	on	the	left	side	of	the	screen.	Tap	and	hold	the	page	that	you	want	to	appear	before	the	one	you're	inserting	now.	For	example,	if	you	want	to	insert	a	new	5th	page	after	the	current	4th	page,	tap	and	hold	the	current	4th	page.	Select	Insert
Blank	Page	for	a	blank	page,	Insert	from	File	to	add	a	new	PDF,	file,	or	photo,	or	Scan	Pages	to	scan	a	new	page	from	a	physical	document.	6	Delete	a	page.	If	you	want	to	remove	a	page	from	the	PDF,	it's	easy:	Tap	and	hold	the	thumbnail	of	the	page	you	want	to	delete.	Tap	Delete	and	then	confirm.	7	Tap	Done	when	you're	finished	editing.	It's	at	the
top-left	corner.	The	changes	you've	made	to	the	PDF	are	now	saved.	Advertisement	Ask	a	Question	Advertisement	Written	by:	wikiHow	Technology	Writer	This	article	was	co-authored	by	wikiHow	staff	writer,	Nicole	Levine,	MFA.	Nicole	Levine	is	a	Technology	Writer	and	Editor	for	wikiHow.	She	has	more	than	20	years	of	experience	creating	technical
documentation	and	leading	support	teams	at	major	web	hosting	and	software	companies.	Nicole	also	holds	an	MFA	in	Creative	Writing	from	Portland	State	University	and	teaches	composition,	fiction-writing,	and	zine-making	at	various	institutions.	This	article	has	been	viewed	145,484	times.	Co-authors:	7	Updated:	April	4,	2024	Views:	145,484
Categories:	Featured	Articles	|	Portable	Document	Format	(PDF)	|	Editing	PDF	Documents	Print	Send	fan	mail	to	authors	Thanks	to	all	authors	for	creating	a	page	that	has	been	read	145,484	times.	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.	Group	of	32-bit
RISC	processor	cores	"Bit-banding"	redirects	here.	For	the	direct	port	bit	software	access	method,	see	Bit-banging.	For	the	construction	of	processors	from	n-bit-wide	modules,	see	Bit-slicing.	ARM	Cortex-M0	and	Cortex-M3	microcontroller	ICs	from	NXP	and	Silicon	Labs	(Energy	Micro)	Die	from	a	STM32F100C4T6B	IC.24	MHz	ARM	Cortex-M3
microcontroller	with	16	KB	flash	memory,	4	KB	RAM.	Manufactured	by	STMicroelectronics.	The	ARM	Cortex-M	is	a	group	of	32-bit	RISC	ARM	processor	cores	licensed	by	ARM	Limited.	These	cores	are	optimized	for	low-cost	and	energy-efficient	integrated	circuits,	which	have	been	embedded	in	tens	of	billions	of	consumer	devices.[1]	Though	they	are
most	often	the	main	component	of	microcontroller	chips,	sometimes	they	are	embedded	inside	other	types	of	chips	too.	The	Cortex-M	family	consists	of	Cortex-M0,[2]	Cortex-M0+,[3]	Cortex-M1,[4]	Cortex-M3,[5]	Cortex-M4,[6]	Cortex-M7,[7]	Cortex-M23,[8]	Cortex-M33,[9]	Cortex-M35P,[10]	Cortex-M52,[11]	Cortex-M55,[12]	Cortex-M85.[13]	A
floating-point	unit	(FPU)	option	is	available	for	Cortex-M4	/	M7	/	M33	/	M35P	/	M52	/	M55	/	M85	cores,	and	when	included	in	the	silicon	these	cores	are	sometimes	known	as	"Cortex-MxF",	where	'x'	is	the	core	variant.	32-bit	Year	Core	2004	Cortex-M3	2007	Cortex-M1	2009	Cortex-M0	2010	Cortex-M4	2012	Cortex-M0+	2014	Cortex-M7	2016	Cortex-
M23	2016	Cortex-M33	2018	Cortex-M35P	2020	Cortex-M55	2022	Cortex-M85	2023	Cortex-M52	See	also:	ARM	architecture	and	List	of	ARM	cores	The	ARM	Cortex-M	family	are	ARM	microprocessor	cores	that	are	designed	for	use	in	microcontrollers,	ASICs,	ASSPs,	FPGAs,	and	SoCs.	Cortex-M	cores	are	commonly	used	as	dedicated	microcontroller
chips,	but	also	are	"hidden"	inside	of	SoC	chips	as	power	management	controllers,	I/O	controllers,	system	controllers,	touch	screen	controllers,	smart	battery	controllers,	and	sensor	controllers.	The	main	difference	from	Cortex-A	cores	is	that	Cortex-M	cores	have	no	memory	management	unit	(MMU)	for	virtual	memory,	considered	essential	for	"full-
fledged"	operating	systems.	Cortex-M	programs	instead	run	bare	metal	or	on	one	of	the	many	real-time	operating	systems	which	support	a	Cortex-M.	Though	8-bit	microcontrollers	were	very	popular	in	the	past,	Cortex-M	has	slowly	been	chipping	away	at	the	8-bit	market	as	the	prices	of	low-end	Cortex-M	chips	have	moved	downward.	Cortex-M	have
become	a	popular	replacements	for	8-bit	chips	in	applications	that	benefit	from	32-bit	math	operations,	and	replacing	older	legacy	ARM	cores	such	as	ARM7	and	ARM9.	In	particular,	the	embedded	wear-leveling	controller	inside	most	SD	cards	or	flash	drives	is	a	(8-bit)	8051	microcontroller	or	ARM	CPU.[14]	ARM	Limited	neither	manufactures	nor
sells	CPU	devices	based	on	its	own	designs,	but	rather	licenses	the	processor	architecture	to	interested	parties.	Arm	offers	a	variety	of	licensing	terms,	varying	in	cost	and	deliverables.	To	all	licensees,	Arm	provides	an	integratable	hardware	description	of	the	ARM	core,	as	well	as	complete	software	development	toolset	and	the	right	to	sell
manufactured	silicon	containing	the	ARM	CPU.	Integrated	Device	Manufacturers	(IDM)	receive	the	ARM	Processor	IP	as	synthesizable	RTL	(written	in	Verilog).	In	this	form,	they	have	the	ability	to	perform	architectural	level	optimizations	and	extensions.	This	allows	the	manufacturer	to	achieve	custom	design	goals,	such	as	higher	clock	speed,	very
low	power	consumption,	instruction	set	extensions	(including	floating	point),	optimizations	for	size,	debug	support,	etc.	To	determine	which	components	have	been	included	in	a	particular	ARM	CPU	chip,	consult	the	manufacturer	datasheet	and	related	documentation.	Some	of	the	silicon	options	for	the	Cortex-M	cores	are:	SysTick	timer:	A	24-bit
system	timer	that	extends	the	functionality	of	both	the	processor	and	the	Nested	Vectored	Interrupt	Controller	(NVIC).	When	present,	it	also	provides	an	additional	configurable	priority	SysTick	interrupt.[15][16][17]	Though	the	SysTick	timer	is	optional	for	the	M0/M0+/M1/M23,	it	is	extremely	rare	to	find	a	Cortex-M	microcontroller	without	it.	If	a
Cortex-M33/M35P/M52/M55/M85	microcontroller	has	the	Security	Extension	option,	then	it	optionally	can	have	two	SysTicks	(one	Secure,	one	Non-secure).	Bit-Band:	Maps	a	complete	word	of	memory	onto	a	single	bit	in	the	bit-band	region.	For	example,	writing	to	an	alias	word	will	set	or	clear	the	corresponding	bit	in	the	bit-band	region.	This	allows
every	individual	bit	in	the	bit-band	region	to	be	directly	accessible	from	a	word-aligned	address.	In	particular,	individual	bits	can	be	set,	cleared,	or	toggled	from	C/C++	without	performing	a	read-modify-write	sequence	of	instructions.[15][16][17]	Though	the	bit-band	is	optional,	it	is	less	common	to	find	a	Cortex-M3	and	Cortex-M4	microcontroller
without	it.	Some	Cortex-M0	and	Cortex-M0+	microcontrollers	have	bit-band.	Memory	Protection	Unit	(MPU):	Provides	support	for	protecting	regions	of	memory	through	enforcing	privilege	and	access	rules.	It	supports	up	to	sixteen	different	regions,	each	of	which	can	be	split	further	into	equal-size	sub-regions.[15][16][17]	Tightly-Coupled	Memory
(TCM):	Low-latency	(zero	wait	state)	SRAM	that	can	be	used	to	hold	the	call	stack,	RTOS	control	structures,	interrupt	data	structures,	interrupt	handler	code,	and	speed	critical	code.	Other	than	CPU	cache,	TCM	is	the	fastest	memory	in	an	ARM	Cortex-M	microcontroller.	Since	TCM	isn't	cached	and	accessible	at	the	same	speed	as	the	processor	and
cache,	it	could	be	conceptually	described	as	"addressable	cache".	There	is	an	ITCM	(Instruction	TCM)	and	a	DTCM	(Data	TCM)	to	allow	a	Harvard	architecture	processor	to	read	from	both	simultaneously.	The	DTCM	can't	contain	any	instructions,	but	the	ITCM	can	contain	data.	Since	TCM	is	tightly	connected	to	the	processor	core,	DMA	engines
might	not	be	able	to	access	TCM	on	some	implementations.	ARM	Cortex-M	optional	components	ARM	Core	CortexM0[18]	CortexM0+[19]	CortexM1[20]	CortexM3[21]	CortexM4[22]	CortexM7[23]	CortexM23[24]	CortexM33[25]	CortexM35P[10]	CortexM52[26]	CortexM55[27]	CortexM85[28]	SysTick	24-bit	Timer	Optional(0,1)	Optional(0,	1)
Optional(0,1)	Yes(1)	Yes(1)	Yes(1)	Optional(0,	1,	2)	Yes(1,	2)	Yes(1,	2)	Yes(1,	2)	Yes(1,	2)	Yes(1,	2)	Single-cycle	I/O	port	No	Optional	No	No	No	No	Optional	No	No	No	No	No	Bit-Band	memory	No[29]	No[29]	No*	Optional	Optional	Optional	No	No	No	No	No	No	Memory	ProtectionUnit	(MPU)	No	Optional(0,	8)	No	Optional(0,8)	Optional(0,	8)	Optional(0,
8,	16)	Optional(0,	4,	8,	12,	16)	Optional(0,	4,	8,	12,	16)	Optional(up	to	16)*	Optional(0,	4,	8,	12,	16)	Optional(0,	4,	8,	12,	16)	Optional(0,	4,	8,	12,	16)	Security	AttributionUnit	(SAU)	andStack	Limits	No	No	No	No	No	No	Optional(0,	4,	8)	Optional(0,	4,	8)	Optional(up	to	8)*	Optional(0,	4,	8)	Optional(0,	4,	8)	Optional(0,	4,	8)	Instruction	Cache	No[30]
No[30]	No[30]	No[30]	No[30]	Optional(up	to	64	KB)	No	No	Optional(up	to	16	KB)	Optional(up	to	64	KB)	Optional(up	to	64	KB)	Optional(up	to	64	KB)	Data	Cache	No[30]	No[30]	No[30]	No[30]	No[30]	Optional(up	to	64	KB)	No	No	No	Optional(up	to	64	KB)	Optional(up	to	64	KB)	Optional(up	to	64	KB)	Instruction	TCM(ITCM)	Memory	No	No	Optional(up
to	1	MB)	No	No	Optional(up	to	16	MB)	No	No	No	Optional(up	to	16	MB)	Optional(up	to	16	MB)	Optional(up	to	16	MB)	Data	TCM(DTCM)	Memory	No	No	Optional(up	to	1	MB)	No	No	Optional(up	to	16	MB)	No	No	No	Optional(up	to	16	MB)	Optional(up	to	16	MB)	Optional(up	to	16	MB)	ECC	for	TCMand	Cache	No	No	No	No	No	No	No	No	Optional
Optional	Optional	Optional	Vector	Table	OffsetRegister	(VTOR)	No	Optional(0,1)	Optional(0,1)	Optional(0,1)	Optional(0,1)	Optional(0,1)	Optional(0,1,2)	Yes(1,2)	Yes(1,2)	Yes(1,2)	Yes(1,2)	Yes(1,2)	Note:	Most	Cortex-M3	and	M4	chips	have	bit-band	and	MPU.	The	bit-band	option	can	be	added	to	the	M0/M0+	using	the	Cortex-M	System	Design	Kit.[29]
Note:	Software	should	validate	the	existence	of	each	feature	before	attempting	to	use	it.[17]	Note:	Limited	public	information	is	available	for	the	Cortex-M35P	until	its	Technical	Reference	Manual	is	released.	Additional	silicon	options:[15][16]	Data	endianness:	Little-endian	or	big-endian.	Unlike	legacy	ARM	cores,	the	Cortex-M	is	permanently	fixed	in
silicon	as	one	of	these	choices.	Interrupts:	1	to	32	(M0/M0+/M1),	1	to	240	(M3/M4/M7/M23),	1	to	480	(M33/M35P/M52/M55/M85).	Wake-up	interrupt	controller:	Optional.	Vector	Table	Offset	Register:	Optional.	(not	available	for	M0).	Instruction	fetch	width:	16-bit	only,	or	mostly	32-bit.	User/privilege	support:	Optional.	Reset	all	registers:	Optional.
Single-cycle	I/O	port:	Optional.	(M0+/M23).	Debug	Access	Port	(DAP):	None,	SWD,	JTAG	and	SWD.	(optional	for	all	Cortex-M	cores)	Halting	debug	support:	Optional.	Number	of	watchpoint	comparators:	0	to	2	(M0/M0+/M1),	0	to	4	(M3/M4/M7/M23/M33/M35P/M52/M55/M85).	Number	of	breakpoint	comparators:	0	to	4	(M0/M0+/M1/M23),	0	to	8
(M3/M4/M7/M33/M35P/M52/M55/M85).	See	also:	ARM	architecture	§	Instruction	set	The	Cortex-M0	/	M0+	/	M1	implement	the	ARMv6-M	architecture,[15]	the	Cortex-M3	implements	the	ARMv7-M	architecture,[16]	the	Cortex-M4	/	Cortex-M7	implements	the	ARMv7E-M	architecture,[16]	the	Cortex-M23	/	M33	/	M35P	implement	the	ARMv8-M
architecture,[31]	and	the	Cortex-M52	/	M55	/	M85	implements	the	ARMv8.1-M	architecture.[31]	The	architectures	are	binary	instruction	upward	compatible	from	ARMv6-M	to	ARMv7-M	to	ARMv7E-M.	Binary	instructions	available	for	the	Cortex-M0	/	Cortex-M0+	/	Cortex-M1	can	execute	without	modification	on	the	Cortex-M3	/	Cortex-M4	/	Cortex-
M7.	Binary	instructions	available	for	the	Cortex-M3	can	execute	without	modification	on	the	Cortex-M4	/	Cortex-M7	/	Cortex-M33	/	Cortex-M35P.[15][16]	Only	Thumb-1	and	Thumb-2	instruction	sets	are	supported	in	Cortex-M	architectures;	the	legacy	32-bit	ARM	instruction	set	isn't	supported.	All	Cortex-M	cores	implement	a	common	subset	of
instructions	that	consists	of	most	Thumb-1,	some	Thumb-2,	including	a	32-bit	result	multiply.	The	Cortex-M0	/	Cortex-M0+	/	Cortex-M1	/	Cortex-M23	were	designed	to	create	the	smallest	silicon	die,	thus	having	the	fewest	instructions	of	the	Cortex-M	family.	The	Cortex-M0	/	M0+	/	M1	include	Thumb-1	instructions,	except	new	instructions	(CBZ,
CBNZ,	IT)	which	were	added	in	ARMv7-M	architecture.	The	Cortex-M0	/	M0+	/	M1	include	a	minor	subset	of	Thumb-2	instructions	(BL,	DMB,	DSB,	ISB,	MRS,	MSR).[15]	The	Cortex-M3	/	M4	/	M7	/	M33	/	M35P	have	all	base	Thumb-1	and	Thumb-2	instructions.	The	Cortex-M3	adds	three	Thumb-1	instructions,	all	Thumb-2	instructions,	hardware	integer
divide,	and	saturation	arithmetic	instructions.	The	Cortex-M4	adds	DSP	instructions	and	an	optional	single-precision	floating-point	unit	(VFPv4-SP).	The	Cortex-M7	adds	an	optional	double-precision	FPU	(VFPv5).[23][16]	The	Cortex-M23	/	M33	/	M35P	/	M52	/	M55	/	M85	add	TrustZone	instructions.	ARM	Cortex-M	instruction	variations	Arm	Core
CortexM0[18]	CortexM0+[19]	CortexM1[20]	CortexM3[21]	CortexM4[22]	CortexM7[23]	CortexM23[24]	CortexM33[25]	CortexM35P	CortexM52[26]	CortexM55[27]	CortexM85[28]	ARM	architecture	ARMv6-M[15]	ARMv6-M[15]	ARMv6-M[15]	ARMv7-M[16]	ARMv7E-M[16]	ARMv7E-M[16]	ARMv8-MBaseline[31]	ARMv8-MMainline[31]	ARMv8-
MMainline[31]	Armv8.1-MMainline[31]	Armv8.1-MMainline[31]	Armv8.1-MMainline[31]	Computer	architecture	VonNeumann	VonNeumann	VonNeumann	Harvard	Harvard	Harvard	VonNeumann	Harvard	Harvard	Harvard	Harvard	Harvard	Instruction	pipeline	3	stages	2	stages	3	stages	3	stages	3	stages	6	stages	2	stages	3	stages	3	stages	4	stages	4-
5	stages	7	stages	Interrupt	latency(zero	wait	state	memory)	16	cycles	15	cycles	23	for	NMI,26	for	IRQ	12	cycles	12	cycles	12	cycles,14	worstcase	15	cycles,24	secureto	NS	IRQ	12	cycles,21	secureto	NS	IRQ	TBD	TBD	TBD	TBD	Thumb-1	instructions	Most	Most	Most	Entire	Entire	Entire	Most	Entire	Entire	Entire	Entire	Entire	Thumb-2	instructions
Some	Some	Some	Entire	Entire	Entire	Some	Entire	Entire	Entire	Entire	Entire	Multiply	instructions32×32	=	32-bit	result	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Multiply	instructions32×32	=	64-bit	result	No	No	No	Yes	Yes	Yes	No	Yes	Yes	Yes	Yes	Yes	Divide	instructions32/32	=	32-bit	quotient	No	No	No	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
Saturated	math	instructions	No	No	No	Some	Yes	Yes	No	Yes	Yes	Yes	Yes	Yes	DSP	instructions	No	No	No	No	Yes	Yes	No	Optional	Optional	Yes	Yes	Yes	Half-Precision	(HP)floating-point	instructions	No	No	No	No	No	No	No	No	No	Optional	Optional	Optional	Single-Precision	(SP)floating-point	instructions	No	No	No	No	Optional	Optional	No	Optional
Optional	Optional	Optional	Optional	Double-Precision	(DP)floating-point	instructions	No	No	No	No	No	Optional	No	No	No	Optional	Optional	Optional	Helium	vector	instructions	No	No	No	No	No	No	No	No	No	Optional	Optional	Optional	TrustZone	security	instructions	No	No	No	No	No	No	Optional	Optional	Optional	Optional	Optional	Yes	Co-processor
instructions	No	No	No	No	No	No	No	Optional	Optional	Optional	Optional	Optional	ARM	Custom	Instructions	(ACI)	No	No	No	No	No	No	No	Optional	No	Optional	Optional	Optional	Pointer	Authentication	and	Branch	TargetIdentification	(PACBTI)	instructions	No	No	No	No	No	No	No	No	No	Optional	No	Optional	Note:	Interrupt	latency	cycle	count
assumes:	1)	stack	located	in	zero-wait	state	RAM,	2)	another	interrupt	function	not	currently	executing,	3)	Security	Extension	option	doesn't	exist,	because	it	adds	additional	cycles.	The	Cortex-M	cores	with	a	Harvard	computer	architecture	have	a	shorter	interrupt	latency	than	Cortex-M	cores	with	a	Von	Neumann	computer	architecture.	Note:	The
Cortex-M	series	includes	three	new	16-bit	Thumb-1	instructions	for	sleep	mode:	SEV,	WFE,	WFI.	Note:	The	Cortex-M0	/	M0+	/	M1	doesn't	include	these	16-bit	Thumb-1	instructions:	CBZ,	CBNZ,	IT.[15][16]	Note:	The	Cortex-M0	/	M0+	/	M1	only	include	these	32-bit	Thumb-2	instructions:	BL,	DMB,	DSB,	ISB,	MRS,	MSR.[15][16]	Note:	The	Cortex-M0	/
M0+	/	M1	/	M23	only	has	32-bit	multiply	instructions	with	a	lower-32-bit	result	(32	bit	×	32	bit	=	lower	32	bit),	where	as	the	Cortex-M3	/	M4	/	M7	/	M33	/	M35P	includes	additional	32-bit	multiply	instructions	with	64-bit	results	(32	bit	×	32	bit	=	64	bit).	The	Cortex-M4	/	M7	(optionally	M33	/	M35P)	include	DSP	instructions	for	(16	bit	×	16	bit	=
32	bit),	(32	bit	×	16	bit	=	upper	32	bit),	(32	bit	×	32	bit	=	upper	32	bit)	multiplications.[15][16]	Note:	The	number	of	cycles	to	complete	multiply	and	divide	instructions	vary	across	ARM	Cortex-M	core	designs.	Some	cores	have	a	silicon	option	for	the	choice	of	fast	speed	or	small	size	(slow	speed),	so	cores	have	the	option	of	using	less	silicon	with	the
downside	of	higher	cycle	count.	An	interrupt	occurring	during	the	execution	of	a	divide	instruction	or	slow-iterative	multiply	instruction	will	cause	the	processor	to	abandon	the	instruction,	then	restart	it	after	the	interrupt	returns.	Multiply	instructions	"32-bit	result"	–	Cortex-M0/M0+/M23	is	1	or	32	cycle	silicon	option,	Cortex-M1	is	3	or	33	cycle
silicon	option,	Cortex-M3/M4/M7/M33/M35P	is	1	cycle.	Multiply	instructions	"64-bit	result"	–	Cortex-M3	is	3–5	cycles	(depending	on	values),	Cortex-M4/M7/M33/M35P	is	1	cycle.	Divide	instructions	–	Cortex-M3/M4	is	2–12	cycles	(depending	on	values),	Cortex-M7	is	3–20	cycles	(depending	on	values),	Cortex-M23	is	17	or	34	cycle	option,	Cortex-M33	is
2–11	cycles	(depending	on	values),	Cortex-M35P	is	TBD.	Note:	Some	Cortex-M	cores	have	silicon	options	for	various	types	of	floating	point	units	(FPU).	The	Cortex-M55	/	M85	has	an	option	for	half-precision	(HP),	the	Cortex-M4	/	M7	/	M33	/	M35P	/	M52	/	M55	/	M85	has	an	option	for	single-precision	(SP),	the	Cortex-M7	/	M52	/	M55	/	M85	has	an
option	for	double-precision	(DP).	When	an	FPU	is	included,	the	core	is	sometimes	referred	as	"Cortex-MxF",	where	'x'	is	the	core	variant,	such	as	Cortex-M4F.[15][16]	ARM	Cortex-M	instruction	groups	Group	Instrbits	Instructions	CortexM0,	M0+,	M1	CortexM3	CortexM4	CortexM7	CortexM23	CortexM33	CortexM35P	CortexM52	CortexM55
CortexM85	Thumb-1	16	ADC,	ADD,	ADR,	AND,	ASR,	B,	BIC,	BKPT,	BLX,	BX,	CMN,	CMP,	CPS,	EOR,	LDM,	LDR,	LDRB,	LDRH,	LDRSB,	LDRSH,	LSL,	LSR,	MOV,	MUL,	MVN,	NOP,	ORR,	POP,	PUSH,	REV,	REV16,	REVSH,	ROR,	RSB,	SBC,	SEV,	STM,	STR,	STRB,	STRH,	SUB,	SVC,	SXTB,	SXTH,	TST,	UXTB,	UXTH,	WFE,	WFI,	YIELD	Yes	Yes	Yes	Yes	Yes
Yes	Yes	Yes	Yes	Yes	Thumb-1	16	CBNZ,	CBZ	No	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Thumb-1	16	IT	No	Yes	Yes	Yes	No	Yes	Yes	Yes	Yes	Yes	Thumb-2	32	BL,	DMB,	DSB,	ISB,	MRS,	MSR	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Thumb-2	32	SDIV,	UDIV,	MOVT,	MOVW,	B.W,	LDREX,	LDREXB,	LDREXH,	STREX,	STREXB,	STREXH	No	Yes	Yes	Yes	Yes	Yes
Yes	Yes	Yes	Yes	Thumb-2	32	ADC,	ADD,	ADR,	AND,	ASR,	B,	BFC,	BFI,	BIC,	CDP,	CLREX,	CLZ,	CMN,	CMP,	DBG,	EOR,	LDC,	LDM,	LDR,	LDRB,	LDRBT,	LDRD,	LDRH,	LDRHT,	LDRSB,	LDRSBT,	LDRSH,	LDRSHT,	LDRT,	LSL,	LSR,	MCR,	MCRR,	MLA,	MLS,	MRC,	MRRC,	MUL,	MVN,	NOP,	ORN,	ORR,	PLD,	PLDW,	PLI,	POP,	PUSH,	RBIT,	REV,	REV16,
REVSH,	ROR,	RRX,	RSB,	SBC,	SBFX,	SEV,	SMLAL,	SMULL,	SSAT,	STC,	STM,	STR,	STRB,	STRBT,	STRD,	STRH,	STRHT,	STRT,	SUB,	SXTB,	SXTH,	TBB,	TBH,	TEQ,	TST,	UBFX,	UMLAL,	UMULL,	USAT,	UXTB,	UXTH,	WFE,	WFI,	YIELD	No	Yes	Yes	Yes	No	Yes	Yes	Yes	Yes	Yes	DSP	32	PKH,	QADD,	QADD16,	QADD8,	QASX,	QDADD,	QDSUB,	QSAX,
QSUB,	QSUB16,	QSUB8,	SADD16,	SADD8,	SASX,	SEL,	SHADD16,	SHADD8,	SHASX,	SHSAX,	SHSUB16,	SHSUB8,	SMLABB,	SMLABT,	SMLATB,	SMLATT,	SMLAD,	SMLALBB,	SMLALBT,	SMLALTB,	SMLALTT,	SMLALD,	SMLAWB,	SMLAWT,	SMLSD,	SMLSLD,	SMMLA,	SMMLS,	SMMUL,	SMUAD,	SMULBB,	SMULBT,	SMULTT,	SMULTB,	SMULWT,
SMULWB,	SMUSD,	SSAT16,	SSAX,	SSUB16,	SSUB8,	SXTAB,	SXTAB16,	SXTAH,	SXTB16,	UADD16,	UADD8,	UASX,	UHADD16,	UHADD8,	UHASX,	UHSAX,	UHSUB16,	UHSUB8,	UMAAL,	UQADD16,	UQADD8,	UQASX,	UQSAX,	UQSUB16,	UQSUB8,	USAD8,	USADA8,	USAT16,	USAX,	USUB16,	USUB8,	UXTAB,	UXTAB16,	UXTAH,	UXTB16	No	No	Yes
Yes	No	Optional	Optional	Yes	Yes	Yes	SP	Float	32	VABS,	VADD,	VCMP,	VCMPE,	VCVT,	VCVTR,	VDIV,	VLDM,	VLDR,	VMLA,	VMLS,	VMOV,	VMRS,	VMSR,	VMUL,	VNEG,	VNMLA,	VNMLS,	VNMUL,	VPOP,	VPUSH,	VSQRT,	VSTM,	VSTR,	VSUB	No	No	Optional	Optional	No	Optional	Optional	Optional	Optional	Optional	DP	Float	32	VCVTA,	VCVTM,
VCVTN,	VCVTP,	VMAXNM,	VMINNM,	VRINTA,	VRINTM,	VRINTN,	VRINTP,	VRINTR,	VRINTX,	VRINTZ,	VSEL	No	No	No	Optional	No	No	No	Optional	Optional	Optional	Acquire/Release	32	LDA,	LDAB,	LDAH,	LDAEX,	LDAEXB,	LDAEXH,	STL,	STLB,	STLH,	STLEX,	STLEXB,	STLEXH	No	No	No	No	Yes	Yes	Yes	Yes	Yes	Yes	TrustZone	16	BLXNS,	BXNS
No	No	No	No	Optional	Optional	Optional	Optional	Optional	Yes	32	SG,	TT,	TTT,	TTA,	TTAT	Co-processor	16	CDP,	CDP2,	MCR,	MCR2,	MCRR,	MCRR2,	MRC,	MRC2,	MRRC,	MRRC2	No	No	No	No	No	Optional	Optional	Optional	Optional	Optional	ACI	32	CX1,	CX1A,	CX2,	CX2A,	CX3,	CX3A,	CX1D,	CX1DA,	CX2D,	CX2DA,	CX3D,	CX3DA,	VCX1,	VCX1A,
VCX2,	VCX2A,	VCX3,	VCX3A	No	No	No	No	No	Optional	No	Optional	Optional	Optional	PACBTI	32	AUT,	AUTG,	BTI,	BXAUT,	PAC,	PACBTI,	PACG	No	No	No	No	No	No	No	Optional	No	Optional	Note:	MOVW	is	an	alias	that	means	32-bit	"wide"	MOV	instruction.	Note:	B.W	is	a	long-distance	unconditional	branch	(similar	in	encoding,	operation,	and	range
to	BL,	minus	setting	of	the	LR	register).	Note:	For	Cortex-M1,	WFE	/	WFI	/	SEV	instructions	exist,	but	execute	as	a	NOP	instruction.	Note:	The	half-precision	(HP)	FPU	instructions	are	valid	in	the	Cortex-M52	/	M55	/	M85	only	when	the	HP	FPU	option	exists	in	the	silicon.	Note:	The	single-precision	(SP)	FPU	instructions	are	valid	in	the	Cortex-M4	/	M7
/	M33	/	M35P	/	M52	/	M55	/	M85	only	when	the	SP	FPU	option	exists	in	the	silicon.	Note:	The	double-precision	(DP)	FPU	instructions	are	valid	in	the	Cortex-M7	/	M52	/	M55	/	M85	only	when	the	DP	FPU	option	exists	in	the	silicon.	The	ARM	architecture	for	ARM	Cortex-M	series	removed	some	features	from	older	legacy	cores:[15][16]	The	32-bit	ARM
instruction	set	is	not	included	in	Cortex-M	cores.	Endianness	is	chosen	at	silicon	implementation	in	Cortex-M	cores.	Legacy	cores	allowed	"on-the-fly"	changing	of	the	data	endian	mode.	Co-processors	were	not	supported	on	Cortex-M	cores,	until	the	silicon	option	was	reintroduced	in	"ARMv8-M	Mainline"	for	ARM	Cortex-M33/M35P	cores.	The
capabilities	of	the	32-bit	ARM	instruction	set	is	duplicated	in	many	ways	by	the	Thumb-1	and	Thumb-2	instruction	sets,	but	some	ARM	features	don't	have	a	similar	feature:	The	SWP	and	SWPB	(swap)	ARM	instructions	don't	have	a	similar	feature	in	Cortex-M.	The	16-bit	Thumb-1	instruction	set	has	evolved	over	time	since	it	was	first	released	in	the
legacy	ARM7T	cores	with	the	ARMv4T	architecture.	New	Thumb-1	instructions	were	added	as	each	legacy	ARMv5	/	ARMv6	/	ARMv6T2	architectures	were	released.	Some	16-bit	Thumb-1	instructions	were	removed	from	the	Cortex-M	cores:	The	"BLX	"	instruction	doesn't	exist	because	it	was	used	to	switch	from	Thumb-1	to	ARM	instruction	set.	The
"BLX	"	instruction	is	still	available	in	the	Cortex-M.	SETEND	doesn't	exist	because	on-the-fly	switching	of	data	endian	mode	is	no	longer	supported.	Co-processor	instructions	were	not	supported	on	Cortex-M	cores,	until	the	silicon	option	was	reintroduced	in	"ARMv8-M	Mainline"	for	ARM	Cortex-M33/M35P	cores.	The	SWI	instruction	was	renamed	to
SVC,	though	the	instruction	binary	coding	is	the	same.	However,	the	SVC	handler	code	is	different	from	the	SWI	handler	code,	because	of	changes	to	the	exception	models.	Cortex-M0Architecture	and	classificationInstruction	setARMv6-M	(Thumb-1	(most),Thumb-2	(some))	The	Cortex-M0	core	is	optimized	for	small	silicon	die	size	and	use	in	the
lowest	price	chips.[2]	Key	features	of	the	Cortex-M0	core	are:[18]	ARMv6-M	architecture[15]	3-stage	pipeline	Instruction	sets:	Thumb-1	(most),	missing	CBZ,	CBNZ,	IT	Thumb-2	(some),	only	BL,	DMB,	DSB,	ISB,	MRS,	MSR	32-bit	hardware	integer	multiply	with	32-bit	result	1	to	32	interrupts,	plus	NMI	Silicon	options:	Hardware	integer	multiply	speed:
1	or	32	cycles.	nRF51822	The	following	microcontrollers	are	based	on	the	Cortex-M0	core:	ABOV	AC30M1x64	Cypress	PSoC	4000,	4100,	4100M,	4200,	4200DS,	4200L,	4200M	Infineon	XMC1100,	XMC1200,	XMC1300,	XMC1400,	TLE984x	Dialog	DA1458x,	DA1468x	Nordic	nRF51	NXP	LPC1100,	LPC1200	Nuvoton	NuMicro	Sonix	SN32F700	ST
STM32	F0	Toshiba	TX00	Vorago	VA10800	(extreme	temperature),	VA10820	(radiation	hardened)	The	following	chips	have	a	Cortex-M0	as	a	secondary	core:	NXP	LPC4300	(one	Cortex-M4F	+	one	Cortex-M0)	Texas	Instruments	SimpleLink	Wireless	MCUs	CC1310	and	CC2650	(one	programmable	Cortex-M3	+	one	Cortex-M0	network	processor	+	one
proprietary	Sensor	Controller	Engine)	Cortex-M0+Architecture	and	classificationMicroarchitectureARMv6-MInstruction	setThumb-1	(most),Thumb-2	(some)	NXP	(Freescale)	FRDM-KL25Z	Board	with	KL25Z128VLK	(Kinetis	L)	The	Cortex-M0+	is	an	optimized	superset	of	the	Cortex-M0.	The	Cortex-M0+	has	complete	instruction	set	compatibility	with
the	Cortex-M0	thus	allowing	the	use	of	the	same	compiler	and	debug	tools.	The	Cortex-M0+	pipeline	was	reduced	from	3	to	2	stages,	which	lowers	the	power	usage	and	increases	performance	(higher	average	IPC	due	to	branches	taking	one	fewer	cycle).	In	addition	to	debug	features	in	the	existing	Cortex-M0,	a	silicon	option	can	be	added	to	the
Cortex-M0+	called	the	Micro	Trace	Buffer	(MTB)	which	provides	a	simple	instruction	trace	buffer.	The	Cortex-M0+	also	received	Cortex-M3	and	Cortex-M4	features,	which	can	be	added	as	silicon	options,	such	as	the	memory	protection	unit	(MPU)	and	the	vector	table	relocation.[19]	Key	features	of	the	Cortex-M0+	core	are:[19]	ARMv6-M
architecture[15]	2-stage	pipeline	(one	fewer	than	Cortex-M0)	Instruction	sets:	(same	as	Cortex-M0)	Thumb-1	(most),	missing	CBZ,	CBNZ,	IT	Thumb-2	(some),	only	BL,	DMB,	DSB,	ISB,	MRS,	MSR	32-bit	hardware	integer	multiply	with	32-bit	result	1	to	32	interrupts,	plus	NMI	Silicon	options:	Hardware	integer	multiply	speed:	1	or	32	cycles	8-region
memory	protection	unit	(MPU)	(same	as	M3	and	M4)	Vector	table	relocation	(same	as	M3,	M4)	Single-cycle	I/O	port	(available	in	M0+/M23)	Micro	Trace	Buffer	(MTB)	(available	in	M0+/M23/M33/M35P)	The	following	microcontrollers	are	based	on	the	Cortex-M0+	core:	ABOV	Semiconductor	A31G11x,	A31G12x,	A31G314	Cypress	PSoC	4000S,	4100S,
4100S+,	4100PS,	4700S,	FM0+	Epson	S1C31W74,	S1C31D01,	S1C31D50	Holtek	HT32F52000	Microchip	SAM	C2,	D0,	D1,	D2,	DA,	L2,	R2,	R3;	and	PIC32CM	JH	and	MC[32]	NXP	LPC800,	LPC11E60,	LPC11U60	NXP	(Freescale)	Kinetis	E,	EA,	L,	M,	V1,	W0,	S32K11x	Raspberry	Pi	RP2040	(two	M0+	cores)	Renesas	S124,	S128,	RE,	RE01	Silicon	Labs
(Energy	Micro)	EFM32	Zero,	Happy	ST	STM32	L0,	G0,	C0,	WL	(one	Cortex-M4	+	one	Cortex-M0+)	The	following	chips	have	a	Cortex-M0+	as	a	secondary	core:	Cypress	PSoC	6200	(one	Cortex-M4F	+	one	Cortex-M0+)	ST	WB	(one	Cortex-M4F	+	one	Cortex-M0+)	The	smallest	ARM	microcontrollers	are	of	the	Cortex-M0+	type	(as	of	2014,	smallest	at
1.6	mm	by	2	mm	in	a	chip-scale	package	is	Kinetis	KL03).[33]	On	21	June	2018,	the	"world's	smallest	computer'",	or	computer	device	was	announced	–	based	on	the	ARM	Cortex-M0+	(and	including	RAM	and	wireless	transmitters	and	receivers	based	on	photovoltaics)	–	by	University	of	Michigan	researchers	at	the	2018	Symposia	on	VLSI	Technology
and	Circuits	with	the	paper	"A	0.04mm3	16nW	Wireless	and	Batteryless	Sensor	System	with	Integrated	Cortex-M0+	Processor	and	Optical	Communication	for	Cellular	Temperature	Measurement."	The	device	is	one-tenth	the	size	of	IBM's	previously	claimed	world-record-sized	computer	from	months	back	in	March	2018,	which	is	smaller	than	a	grain
of	salt.	Cortex-M1Architecture	and	classificationMicroarchitectureARMv6-MInstruction	setThumb-1	(most),Thumb-2	(some)	The	Cortex-M1	is	an	optimized	core	especially	designed	to	be	loaded	into	FPGA	chips.[4]	Key	features	of	the	Cortex-M1	core	are:[20]	ARMv6-M	architecture[15]	3-stage	pipeline.	Instruction	sets:	Thumb-1	(most),	missing	CBZ,
CBNZ,	IT.	Thumb-2	(some),	only	BL,	DMB,	DSB,	ISB,	MRS,	MSR.	32-bit	hardware	integer	multiply	with	32-bit	result.	1	to	32	interrupts,	plus	NMI.	Silicon	options:	Hardware	integer	multiply	speed:	3	or	33	cycles.	Optional	Tightly-Coupled	Memory	(TCM):	0	to	1	MB	instruction-TCM,	0	to	1	MB	data-TCM,	each	with	optional	ECC.	External	interrupts:	0,
1,	8,	16,	32.	Debug:	none,	reduced,	full.	Data	endianness:	little-endian	or	BE-8	big-endian.	OS	extension:	present	or	absent.	The	following	vendors	support	the	Cortex-M1	as	soft-cores	on	their	FPGA	chips:	Altera	Cyclone-II,	Cyclone-III,	Stratix-II,	Stratix-III	GOWIN	M1[34]	Actel/Microsemi/Microchip	Fusion,	IGLOO/e,	ProASIC3L,	ProASIC3/E	Xilinx
Spartan-3,	Virtex-2,	Virtex-3,	Virtex-4,	Artix-7[35]	Cortex-M3Architecture	and	classificationMicroarchitectureARMv7-MInstruction	setThumb-1,	Thumb-2,	Saturated	(some),	Divide	Arduino	Due	board	with	Atmel	ATSAM3X8E	(ARM	Cortex-M3	core)	microcontroller	NXP	LPCXpresso	Development	Board	with	LPC1343	Key	features	of	the	Cortex-M3	core
are:[21][36]	ARMv7-M	architecture[16]	3-stage	pipeline	with	branch	speculation.	Instruction	sets:	Thumb-1	(entire).	Thumb-2	(entire).	32-bit	hardware	integer	multiply	with	32-bit	or	64-bit	result,	signed	or	unsigned,	add	or	subtract	after	the	multiply.	32-bit	multiply	is	1	cycle,	but	64-bit	multiply	and	MAC	instructions	require	extra	cycles.	32-bit
hardware	integer	divide	(2–12	cycles).	saturation	arithmetic	support.	1	to	240	interrupts,	plus	NMI.	12	cycle	interrupt	latency.	Integrated	sleep	modes.	Silicon	options:	Optional	Memory	Protection	Unit	(MPU):	0	or	8	regions.	The	following	microcontrollers	are	based	on	the	Cortex-M3	core:	ABOV	AC33Mx128,	AC33Mx064	Actel/Microsemi/Microchip
SmartFusion,	SmartFusion	2	(FPGA)	Analog	Devices	ADUCM360,	ADUCM361,	ADUCM3029	Broadcom	Wi-Fi	Chip	BCM4319XKUBG	Cypress	PSoC	5000,	5000LP,	FM3	Holtek	HT32F	Infineon	TLE9860,	TLE987x	Microchip	(Atmel)	SAM	3A,	3N,	3S,	3U,	3X	NXP	LPC1300,	LPC1700,	LPC1800	ON	Q32M210	Realtek	RTL8710	Silicon	Labs	Precision32
Silicon	Labs	(Energy	Micro)	EFM32	Tiny,	Gecko,	Leopard,	Giant	ST	STM32	F1,	F2,	L1,	W	TDK-Micronas	HVC4223F	Texas	Instruments	F28,	LM3,	TMS470,	OMAP	4,	SimpleLink	Wireless	MCUs	(CC1310	Sub-GHz	and	CC2650	BLE+Zigbee+6LoWPAN)	Toshiba	TX03	mindmotion	mindmotion	MM32	The	following	chips	have	a	Cortex-M3	as	a	secondary
core:	Apple	A9	(Cortex-M3	as	integrated	M9	motion	co-processor)	CSR	Quatro	5300	(Cortex-M3	as	co-processor)	Samsung	Exynos	7420	(Cortex-M3	as	a	DVS	microcontroller)[37]	Texas	Instruments	F28,	LM3,	TMS470,	OMAP	4470	(one	Cortex-A9	+	two	Cortex-M3)	XMOS	XS1-XA	(seven	xCORE	+	one	Cortex-M3)	The	following	FPGAs	include	a
Cortex-M3	core:	Microsemi	SmartFusion2	SoC	The	following	vendors	support	the	Cortex-M3	as	soft-cores	on	their	FPGA	chips:	Altera	Cyclone-II,	Cyclone-III,	Stratix-II,	Stratix-III	Xilinx	Spartan-3,	Virtex-2,	Virtex-3,	Virtex-4,	Artix-7[38]	Cortex-M4Architecture	and	classificationMicroarchitectureARMv7E-MInstruction	setThumb-1,	Thumb-2,Saturated,
DSP,Divide,	FPU	(SP)	Silicon	Labs	(Energy	Micro)	Wonder	Gecko	STK	Board	with	EFM32WG990	TI	Stellaris	Launchpad	Board	with	LM4F120	Conceptually	the	Cortex-M4	is	a	Cortex-M3	plus	DSP	instructions,	and	optional	floating-point	unit	(FPU).	A	core	with	an	FPU	is	known	as	Cortex-M4F.	Key	features	of	the	Cortex-M4	core	are:[22]	ARMv7E-M
architecture[16]	3-stage	pipeline	with	branch	speculation.	Instruction	sets:	Thumb-1	(entire).	Thumb-2	(entire).	32-bit	hardware	integer	multiply	with	32-bit	or	64-bit	result,	signed	or	unsigned,	add	or	subtract	after	the	multiply.	32-bit	Multiply	and	MAC	are	1	cycle.	32-bit	hardware	integer	divide	(2–12	cycles).	Saturation	arithmetic	support.	DSP
extension:	Single	cycle	16/32-bit	MAC,	single	cycle	dual	16-bit	MAC,	8/16-bit	SIMD	arithmetic.	1	to	240	interrupts,	plus	NMI.	12	cycle	interrupt	latency.	Integrated	sleep	modes.	Silicon	options:	Optional	floating-point	unit	(FPU):	single-precision	only	IEEE-754	compliant.	It	is	called	the	FPv4-SP	extension.	Optional	memory	protection	unit	(MPU):	0	or
8	regions.	nRF52833	on	a	micro	bit	v2	STM32F407IGH6	The	following	microcontrollers	are	based	on	the	Cortex-M4	core:	Analog	Devices	ADSP-CM40x	Microchip	(Atmel)	SAM	4L,	4N,	4S	NXP	(Freescale)	Kinetis	K,	W2	ST	(STM32)	WL	(one	Cortex-M4	+	one	Cortex-M0+)	Texas	Instruments	SimpleLink	Wi-Fi	CC32xx,	CC32xxMOD	The	following
microcontrollers	are	based	on	the	Cortex-M4F	(M4	+	FPU)	core:	Analog	Devices	ADUCM4050	Cypress	6200	(one	Cortex-M4F	+	one	Cortex-M0+),	FM4	Infineon	XMC4000	Maxim	Darwin	Microchip	(Atmel)	SAM4C	(Dual	core:	one	Cortex-M4F	+	one	Cortex-M4),	SAM4E,	SAM4L,	SAM4N,	SAM4S,	SAMG5,	SAMD5/E5x	Nordic	nRF52	Nuvoton	NuMicro
M480	NXP	LPC4000,	LPC4300	(one	Cortex-M4F	+	one	Cortex-M0),	LPC54000	NXP	(Freescale)	Kinetis	K,	V3,	V4,	S32K14x	Renesas	S3,	S5,	S7,	RA4,	RA6	Silicon	Labs	(Energy	Micro)	EFM32	Wonder	ST	STM32	F3,	F4,	L4,	L4+,	G4,	WB	(one	Cortex-M4F	+	one	Cortex-M0+)	Texas	Instruments	LM4F,	TM4C,	MSP432,	CC13x2R,	CC1352P,	CC26x2R
Toshiba	TX04	The	following	chips	have	either	a	Cortex-M4	or	M4F	as	a	secondary	core:	NXP	(Freescale)	Vybrid	VF6	(one	Cortex-A5	+	one	Cortex-M4F)	NXP	(Freescale)	i.MX	6	SoloX	(one	Cortex-A9	+	one	Cortex-M4F)	NXP	(Freescale)	i.MX	7	Solo/Dual	(one	or	two	Cortex-A7	+	one	Cortex-M4F)	NXP	(Freescale)	i.MX	8	(two	Cortex-A72	+	four	Cortex-
A53	+	two	Cortex-M4F)	NXP	(Freescale)	i.MX	8M	and	8M	Mini	(four	Cortex-A53	+	one	Cortex-M4F)	NXP	(Freescale)	i.MX	8X	(four	Cortex-A35	+	one	Cortex-M4F)	ST	STM32MP1	(one	or	two	Cortex-A7	+	one	Cortex-M4)	Texas	Instruments	OMAP	5	(two	Cortex-A15s	+	two	Cortex-M4)	Texas	Instruments	Sitara	AM5700	(one	or	two	Cortex-A15s	+	two
Cortex-M4s	as	image	processing	units	+	two	Cortex-M4s	as	general	purpose	units)	Cortex-M7Architecture	and	classificationMicroarchitectureARMv7E-MInstruction	setThumb-1,	Thumb-2,Saturated,	DSP,Divide,	FPU	(SP	&	DP)	Arduino	GIGA	R1	WiFi	board	with	(dual	core	ARM	Cortex-M7	+	ARM	Cortex-M4)	STM32H747XIH6	microcontroller	The
Cortex-M7	is	a	high-performance	core	with	almost	double	the	power	efficiency	of	the	older	Cortex-M4.[7]	It	features	a	6-stage	superscalar	pipeline	with	branch	prediction	and	an	optional	floating-point	unit	capable	of	single-precision	and	optionally	double-precision	operations.[7][39]	The	instruction	and	data	buses	have	been	enlarged	to	64-bit	wide
over	the	previous	32-bit	buses.	If	a	core	contains	an	FPU,	it	is	known	as	a	Cortex-M7F,	otherwise	it	is	a	Cortex-M7.	Key	features	of	the	Cortex-M7	core	are:[23]	ARMv7E-M	architecture.	6-stage	pipeline	with	branch	speculation.	Second-longest	of	all	ARM	Cortex-M	cores,	with	the	first	being	Cortex-M85.	Instruction	sets:	Thumb-1	(entire).	Thumb-2
(entire).	32-bit	hardware	integer	multiply	with	32-bit	or	64-bit	result,	signed	or	unsigned,	add	or	subtract	after	the	multiply.	32-bit	Multiply	and	MAC	are	1	cycle.	32-bit	hardware	integer	divide	(2–12	cycles).	Saturation	arithmetic	support.	DSP	extension:	Single	cycle	16/32-bit	MAC,	single	cycle	dual	16-bit	MAC,	8/16-bit	SIMD	arithmetic.	1	to	240
interrupts,	plus	NMI.	12	cycle	interrupt	latency.	Integrated	sleep	modes.	Silicon	options:	Optional	floating-point	unit	(FPU):	(single	precision)	or	(single	and	double-precision),	both	IEEE-754-2008	compliant.	It	is	called	the	FPv5	extension.	Optional	CPU	cache:	0	to	64	KB	instruction-cache,	0	to	64	KB	data-cache,	each	with	optional	ECC.	Optional
Tightly-Coupled	Memory	(TCM):	0	to	16	MB	instruction-TCM,	0	to	16	MB	data-TCM,	each	with	optional	ECC.	Optional	Memory	Protection	Unit	(MPU):	8	or	16	regions.	Optional	Embedded	Trace	Macrocell	(ETM):	instruction-only,	or	instruction	and	data.	Optional	Retention	Mode	(with	Arm	Power	Management	Kit)	for	Sleep	Modes.	Optional	dual-
redundant	lock-step	operation.	The	following	microcontrollers	are	based	on	the	Cortex-M7	core:	Microchip	(Atmel)	SAM	E7,	S7,	V7	NXP	(Freescale)	Kinetis	KV5x,	i.MX	RT,	S32K3xx	ST	STM32	F7,	H7	Cortex-M23Architecture	and	classificationMicroarchitectureARMv8-M	BaselineInstruction	setThumb-1	(most),Thumb-2	(some),Divide,	TrustZone	The
Cortex-M23	core	was	announced	in	October	2016[40]	and	based	on	the	ARMv8-M	architecture	that	was	previously	announced	in	November	2015.[41]	Conceptually	the	Cortex-M23	is	similar	to	a	Cortex-M0+	plus	integer	divide	instructions	and	TrustZone	security	features,	and	also	has	a	2-stage	instruction	pipeline.[8]	Key	features	of	the	Cortex-M23
core	are:[24][40]	ARMv8-M	Baseline	architecture.[31]	2-stage	pipeline.	(similar	to	Cortex-M0+)	TrustZone	security	instructions.	32-bit	hardware	integer	divide	(17	or	34	cycles).(slower	than	divide	in	all	other	cores)	Stack	limit	boundaries.	(available	only	with	SAU	option)	Silicon	options:	Hardware	integer	multiply	speed:	1	or	32	cycles.	Hardware
integer	divide	speed:	17	or	34	cycles	maximum.	Depending	on	divisor,	instruction	may	complete	in	fewer	cycles.	Optional	Memory	Protection	Unit	(MPU):	0,	4,	8,	12,	16	regions.	Optional	Security	Attribution	Unit	(SAU):	0,	4,	8	regions.	Single-cycle	I/O	port	(available	in	M0+/M23).	Micro	Trace	Buffer	(MTB)	The	following	microcontrollers	are	based	on
the	Cortex-M23	core:	GigaDevice	GD32E2xx	Microchip	SAM	L10,	L11,	and	PIC	32CM-LE	32CM-LS	Nuvoton	M23xx	family,	M2xx	family,	NUC1262,	M2L31	Renesas	S1JA,	RA2A1,	RA2L1,	RA2E1,	RA2E2	Cortex-M33Architecture	and	classificationMicroarchitectureARMv8-M	MainlineInstruction	setThumb-1,	Thumb-2,Saturated,	DSP,Divide,	FPU
(SP),TrustZone,	Co-processor	The	Cortex-M33	core	was	announced	in	October	2016[40]	and	based	on	the	ARMv8-M	architecture	that	was	previously	announced	in	November	2015.[41]	Conceptually	the	Cortex-M33	is	similar	to	a	cross	of	Cortex-M4	and	Cortex-M23,	and	also	has	a	3-stage	instruction	pipeline.[9]	Key	features	of	the	Cortex-M33	core
are:[25][40]	ARMv8-M	Mainline	architecture.[31]	3-stage	pipeline.	TrustZone	security	instructions.	32-bit	hardware	integer	divide	(11	cycles	maximum).	Stack	limit	boundaries.	(available	only	with	SAU	option)	Silicon	options:	Optional	Floating-Point	Unit	(FPU):	single-precision	only	IEEE-754	compliant.	It	is	called	the	FPv5	extension.	Optional
Memory	Protection	Unit	(MPU):	0,	4,	8,	12,	16	regions.	Optional	Security	Attribution	Unit	(SAU):	0,	4,	8	regions.	Micro	Trace	Buffer	(MTB)	The	following	microcontrollers	are	based	on	the	Cortex-M33	core:	Analog	Devices	ADUCM4	Dialog	DA1469x	GigaDevice	GD32E5,	GD32W5	Nordic	nRF91,	nRF5340,	nRF54,	nRF54H20[42]	NXP	LPC5500,	i.MX
RT600,	MCX	N94x/54x	(dual	core)	ON	RSL15	Renesas	RA4,	RA6	ST	STM32	H5,	L5,	U5,	WBA	Silicon	Labs	Wireless	Gecko	Series	2	Texas	Instruments	CC3501E,	CC3551E	Raspberry	Pi	RP2350	The	following	chips	have	a	Cortex-M33	or	M33F	as	a	secondary	core:	Infineon	PSoC	Edge	ST	STM32MP2	(one	or	two	Cortex-A35	+	one	Cortex-M33)	Cortex-
M35PArchitecture	and	classificationMicroarchitectureARMv8-M	MainlineInstruction	setThumb-1,	Thumb-2,Saturated,	DSP,Divide,	FPU	(SP),TrustZone,	Co-processor	The	Cortex-M35P	core	was	announced	in	May	2018	and	based	on	the	Armv8-M	architecture.	It	is	conceptually	a	Cortex-M33	core	with	a	new	instruction	cache,	plus	new	tamper-
resistant	hardware	concepts	borrowed	from	the	ARM	SecurCore	family,	and	configurable	parity	and	ECC	features.[10]	Currently,	information	about	the	Cortex-M35P	is	limited,	because	its	Technical	Reference	Manual	and	Generic	User	Guide	haven't	been	released	yet.	The	following	microcontrollers	are	based	on	the	Cortex-M35P	core:
STMicroelectronics	ST33K	Cortex-M52Architecture	and	classificationMicroarchitectureARMv8.1-M	Mainline	HeliumInstruction	setThumb-1,	Thumb-2,Saturated,	DSP,Divide,	FPU	(VFPv5),TrustZone,	Coprocessor,	MVE	The	Cortex-M52	core	was	announced	in	November	2023	and	based	on	the	Armv8.1-M	architecture.	Conceptually,	it	can	be	seen	as	a
cross	between	the	Cortex-M33	and	the	Cortex-M55.	Key	differences	are	that	its	Helium	co-processor	is	single	beat	(the	M55	is	dual	beat),	and	it	has	a	32-bit	main	bus	similar	to	the	M33	to	ease	transition	of	applications.	It	has	a	4	stage	instruction	pipeline.[11]	Key	features	of	the	Cortex-M52	core	include:	ARMv8.1-M	Mainline/Helium	architecture.
[31]	4-stage	pipeline.	Stack	limit	boundaries	(available	only	with	SAU	option).	32-bit	main	bus	(AHB	or	AXI)[11]	Silicon	options:	Helium	(M-Profile	Vector	Extension,	MVE)	Pointer	Authentication	and	Branch	Target	Identification	Extension	Single-Precision	and	Double-Precision	floating-point	Digital	Signal	Processing	(DSP)	extension	support	TrustZone
security	extension	support	Safety	and	reliability	(RAS)	support	Coprocessor	support	Secure	and	Non-secure	MPU	with	0,	4,	8,	12,	or	16	regions	SAU	with	0,	4,	or	8	regions	Instruction	cache	with	size	of	up	to	64	KB	Data	cache	with	size	of	up	to	64	KB	ECC	on	caches	and	TCMs	1–480	interrupts	3–8	exception	priority	bits	Internal	and	external	WIC
options,	optional	CTI,	ITM,	and	DWT	ARM	Custom	Instructions	The	following	microcontrollers	are	based	on	the	Cortex	M52	core	Geehy	Semiconductor	G32R5[43]	Cortex-M55Architecture	and	classificationMicroarchitectureARMv8.1-M	Mainline	HeliumInstruction	setThumb-1,	Thumb-2,Saturated,	DSP,Divide,	FPU	(VFPv5),TrustZone,	Coprocessor,
MVE	The	Cortex-M55	core	was	announced	in	February	2020	and	based	on	the	Armv8.1-M	architecture.	It	has	a	4	or	5	stage	instruction	pipeline.[12]	Key	features	of	the	Cortex-M55	core	include:	ARMv8.1-M	Mainline/Helium	architecture.[31]	4-stage	pipeline.	Stack	limit	boundaries	(available	only	with	SAU	option).	64-bit	AXI	main	bus[12]	Silicon
options:	Helium	(M-Profile	Vector	Extension,	MVE)	Single-Precision	and	Double-Precision	floating-point	Digital	Signal	Processing	(DSP)	extension	support	TrustZone	security	extension	support	Safety	and	reliability	(RAS)	support	Coprocessor	support	Secure	and	Non-secure	MPU	with	0,	4,	8,	12,	or	16	regions	SAU	with	0,	4,	or	8	regions	Instruction
cache	with	size	of	4	KB,	8	KB,	16	KB,	32	KB,	64	KB	Data	cache	with	size	of	4	KB,	8	KB,	16	KB,	32	KB,	64	KB	ECC	on	caches	and	TCMs	1–480	interrupts	3–8	exception	priority	bits	Internal	and	external	WIC	options,	optional	CTI,	ITM,	and	DWT	ARM	Custom	Instructions	Alif	Semiconductor	Ensemble	&	Balletto	MCU	families	offer	single	or	dual	Cortex-
M55	cores,	each	paired	with	Ethos-U55	NPUs	Infineon	PSoC	Edge	ST	STM32	N6	Cortex-M85Architecture	and	classificationMicroarchitectureARMv8.1-M	Mainline	HeliumInstruction	setThumb-1,	Thumb-2,Saturated,	DSP,Divide,	FPU	(VFPv5),TrustZone,	Coprocessor,	MVE	The	Cortex-M85	core	was	announced	in	April	2022	and	based	on	the	Armv8.1-
M	architecture.	It	has	a	7-stage	instruction	pipeline.[13]	Silicon	options:	Optional	CPU	cache:	0	to	64	KB	instruction-cache,	0	to	64	KB	data-cache,	each	with	optional	ECC.	Optional	Tightly-Coupled	Memory	(TCM):	0	to	16	MB	instruction-TCM,	0	to	16	MB	data-TCM,	each	with	optional	ECC.	Optional	Memory	Protection	Unit	(MPU):	16	regions.	Can
have	separate	ones	for	secure	and	non-secure	mode	if	TrustZone	is	implemented.	Up	to	480	interrupts	and	NMI	3–8	exception	priority	bits	Optional	dual-redundant	lock-step	operation.	Renesas	RA8	Main	article:	List	of	ARM	Cortex-M	development	tools	The	documentation	for	ARM	chips	is	extensive.	In	the	past,	8-bit	microcontroller	documentation
would	typically	fit	in	a	single	document,	but	as	microcontrollers	have	evolved,	so	has	everything	required	to	support	them.	A	documentation	package	for	ARM	chips	typically	consists	of	a	collection	of	documents	from	the	IC	manufacturer	as	well	as	the	CPU	core	vendor	(ARM	Limited).	A	typical	top-down	documentation	tree	is:	Documentation	tree	(top
to	bottom)	IC	manufacturer	website.	IC	manufacturer	marketing	slides.	IC	manufacturer	datasheet	for	the	exact	physical	chip.	IC	manufacturer	reference	manual	that	describes	common	peripherals	and	aspects	of	a	physical	chip	family.	ARM	core	website.	ARM	core	generic	user	guide.	ARM	core	technical	reference	manual.	ARM	architecture
reference	manual.	IC	manufacturers	have	additional	documents,	such	as:	evaluation	board	user	manuals,	application	notes,	getting	started	guides,	software	library	documents,	errata,	and	more.	See	External	links	section	for	links	to	official	Arm	documents.	Electronics	portal	ARM	architecture	List	of	ARM	architectures	and	cores	Interrupt,	Interrupt
handler	Real-time	operating	system,	Comparison	of	real-time	operating	systems	^	ARM	Cortex-M	website;	ARM	Limited.	^	a	b	"Cortex-M0	Home".	ARM	Limited.	^	"Cortex-M0+	Home".	ARM	Limited.	^	a	b	"Cortex-M1	Home".	ARM	Limited.	^	"Cortex-M3	Home".	ARM	Limited.	^	"Cortex-M4	Home".	ARM	Limited.	^	a	b	c	"Cortex-M7	Home".	ARM
Limited.	^	a	b	"Cortex-M23	Home".	ARM	Limited.	^	a	b	"Cortex-M33	Home".	ARM	Limited.	^	a	b	c	"Cortex-M35P	Home".	ARM	Limited.	^	a	b	c	"Cortex-M52	Home".	ARM	Limited.	^	a	b	c	"Cortex-M55	Home".	ARM	Limited.	^	a	b	"Cortex-M85	Home".	ARM	Limited.	^	"On	Hacking	MicroSD	Cards".	^	a	b	c	d	e	f	g	h	i	j	k	l	m	n	o	p	q	r	"ARMv6-M
Architecture	Reference	Manual".	ARM	Limited.	^	a	b	c	d	e	f	g	h	i	j	k	l	m	n	o	p	q	r	"ARMv7-M	Architecture	Reference	Manual".	ARM	Limited.	^	a	b	c	d	Cortex-M3	Embedded	Software	Development;	App	Note	179;	ARM	Limited.	^	a	b	c	"Cortex-M0	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	d	"Cortex-M0+	Technical	Reference	Manual".	ARM



Limited.	^	a	b	c	"Cortex-M1	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	"Cortex-M3	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	"Cortex-M4	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	d	"Cortex-M7	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	"Cortex-M23	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	"Cortex-
M33	Technical	Reference	Manual".	ARM	Limited.	^	a	b	"Cortex-M52	Technical	Reference	Manual".	ARM	Limited.	^	a	b	"Cortex-M55	Technical	Reference	Manual".	ARM	Limited.	^	a	b	"Cortex-M85	Technical	Reference	Manual".	ARM	Limited.	^	a	b	c	"Cortex-M	System	Design	Kit	(CMSDK)".	Arm	Holdings.	Archived	from	the	original	on	March	4,
2016.	^	a	b	c	d	e	f	g	h	i	j	ARM	Cortex-M	Programming	Guide	to	Memory	Barrier	Instructions;	Section	3.6	System	implementation	requirements;	AppNote	321;	ARM	Limited.	^	a	b	c	d	e	f	g	h	i	j	k	l	"ARMv8-M	Architecture	Reference	Manual".	ARM	Limited.	^	32-bit	PIC	and	SAM	Microcontrollers;	Microchip.	^	Fingas,	Jon	(25	February	2014).	"Freescale
makes	the	world's	smallest	ARM	controller	chip	even	tinier".	Retrieved	2	October	2014.	^	GOWIN	Semiconductor	joins	ARM	DesignStart	offering	free	ARM	Cortex-M1	Processors	for	its	FPGA	product	families	^	Cortex-M1	DesignStart	FPGA	XilinxEdition;	ARM	Limited.	^	Sadasivan,	Shyam.	"An	Introduction	to	the	ARM	Cortex-M3	Processor"	(PDF).
ARM	Limited.	Archived	from	the	original	(PDF)	on	July	26,	2014.	^	"Samsung	Exynos	7420	Deep	Dive	-	Inside	a	Modern	14nm	SoC".	AnandTech.	Retrieved	2015-06-15.	^	Cortex-M3	DesignStart	FPGA	XilinxEdition	^	"ARM	Supercharges	MCU	Market	with	High	Performance	Cortex-M7	Processor".	ARM	Limited	(Press	release).	September	24,	2014.	^
a	b	c	d	New	ARM	Cortex-M	processors	offer	the	next	industry	standard	for	secure	IoT;	ARM	Limited;	October	25,	2016.	^	a	b	ARMv8-M	Architecture	Simplifies	Security	for	Smart	Embedded	Devices;	ARM	Limited;	November	10,	2015.	^	"nRF54H20	-	Nordic	Semiconductor".	www.nordicsemi.com.	Retrieved	2024-10-30.	^	"The	World's	First	Dual-
Core	Real-Time	Control	MCU	Featuring	Cortex-M52	Processor	Unveiled	at	Electronica	China	2024".	Designer's	Guide	to	the	Cortex-M	Processor	Family;	3rd	Ed;	Trevor	Martin;	648	pages;	2022;	ISBN	978-0323854948.	Definitive	Guide	to	the	ARM	Cortex-M0	and	Cortex-M0+	Processors;	2nd	Ed;	Joseph	Yiu;	784	pages;	2015;	ISBN	978-0128032770.
Definitive	Guide	to	the	ARM	Cortex-M3	and	Cortex-M4	Processors;	3rd	Ed;	Joseph	Yiu;	864	pages;	2013;	ISBN	978-0124080829.	Definitive	Guide	to	the	ARM	Cortex-M23	and	Cortex-M33	Processors;	1st	Ed;	Joseph	Yiu;	928	pages;	2020;	ISBN	978-0128207352.	Microcontrollers	with	C:	Cortex-M	and	Beyond;	1st	Ed;	Klaus	Elk;	227	pages;	2023;
ISBN	979-8862003437.	Embedded	Systems	with	ARM	Cortex-M	Microcontrollers	in	Assembly	Language	and	C;	4th	Ed;	Yifeng	Zhu;	730	pages;	2023;	ISBN	978-0982692677.	ARM	Assembly	for	Embedded	Applications;	5th	Ed;	Daniel	Lewis;	379	pages;	2019;	ISBN	978-1092542234.	Assembly	Language	Programming:	ARM	Cortex-M3;	1st	Ed;	Vincent
Mahout;	256	pages;	2012;	ISBN	978-1848213296.	Digital	Signal	Processing	and	Applications	Using	the	ARM	Cortex-M4;	1st	Ed;	Donald	Reay;	320	pages;	2015;	ISBN	978-1118859049.	Hands-On	RTOS	with	Microcontrollers;	1st	Ed;	Brian	Amos;	496	pages;	2020;	ISBN	978-1838826734.	Wikimedia	Commons	has	media	related	to	ARM	Cortex-M.	ARM
Cortex-M	official	documents	ARM	Cortex-M	official	website	Cortex-M	for	Beginners	arm.com	ARMv8-M	Security	Extensions	arm.com	Cortex	Microcontroller	Software	Interface	Standard	(CMSIS)	arm.com	ARMcore	Bitwidth	ARMwebsite	ARM	genericuser	guide	ARM	technicalreference	manual	ARM	architecturereference	manual	Cortex-M0	32	Link
Link	Link	ARMv6-M	Cortex-M0+	32	Link	Link	Link	ARMv6-M	Cortex-M1	32	Link	Link	Link	ARMv6-M	Cortex-M3	32	Link	Link	Link	ARMv7-M	Cortex-M4	32	Link	Link	Link	ARMv7E-M	Cortex-M7	32	Link	Link	Link	ARMv7E-M	Cortex-M23	32	Link	Link	Link	ARMv8-M	Cortex-M33	32	Link	Link	Link	ARMv8-M	Cortex-M35P	32	Link	N/A	N/A	ARMv8-M
Cortex-M52	32	Link	Link	Link	ARMv8.1-M	Cortex-M55	32	Link	Link	Link	ARMv8.1-M	Cortex-M85	32	Link	Link	Link	ARMv8.1-M	Quick	reference	cards	Instructions:	Thumb-1	(1),	ARM	and	Thumb-2	(2),	Vector	Floating-Point	(3)	arm.com	Opcodes:	Thumb-1	(1,	2),	ARM	(3,	4),	GNU	Assembler	Directives	(5).	Migrating	Migrating	from	8051	to	Cortex-M3
–	arm.com	Migrating	from	PIC	to	Cortex-M3	–	arm.com	Migrating	from	ARM7TDMI	to	Cortex-M3	–	arm.com	Migrating	from	Cortex-M4	to	Cortex-M7	–	keil.com	Other	Bit	Banding	on	STM32	Cortex-M	microcontrollers	Retrieved	from	"	2Microcontroller	family	78K	Family	microcontrollersGeneral	informationLaunched1986;	39	years
ago	(1986)DiscontinuedcurrentCommon	manufacturerRenesas	Electronics(formerly	NEC)PerformanceMax.	CPU	clock	rate32	kHz	to	24	MHzData	width16/8Address	width20(24)/16Architecture	and	classificationApplicationEmbeddedInstruction	set78K	FamilyPhysical	specificationsCores1Products,	models,	variantsVariant78K0R,	78K0S,	78K0,78K4,
78K6,	78K3,78K7,78K1,	78K2HistoryPredecessors87AD	Family,17K	FamilySuccessorRL78	Family	78K0/KX1+	board	with	in-circuit	emulator;	MINICUBE	78K0S/KA1+	Do	It	board	78K0R/KG3	Cool	It	board	with	in-circuit	emulator;	IECUBE	(formerly,	MINICUBE2)	78K	is	the	trademark	name	of	16-	and	8-bit	microcontroller	family[1]: 23-4–23-5 [2]: 78 
manufactured	by	Renesas	Electronics,	originally	developed	by	NEC[3][4]: 229 	started	in	1986.[5]: 7, line	2 	The	basis	of	78K	Family	is	an	accumulator-based	register-bank	CISC	architecture.	78K	is	a	single-chip	microcontroller,	which	usually	integrates;	program	ROM,	data	RAM,	serial	interfaces,	timers,	I/O	ports,	an	A/D	converter,	an	interrupt
controller,	and	a	CPU	core,	on	one	die.[6][7]: 412 	Its	application	area	is	mainly	simple	mechanical	system	controls	and	man-machine	interfaces.[8][9][10]	Regarding	software	development	tools,	C	compilers	and	macro-assemblers	are	available.[11]: 99 	As	for	development	tool	hardware,	full	probing-pod	type	and	debug	port	type	in-circuit	emulators,
[12][13]	and	flash	ROM	programmers[14]: 22–24 	are	available.	Historically,	the	family	has	11	series	with	9	instruction	set	architectures.	As	of	2018,	3	instruction	set	architectures,	those	are	8-bit	78K0,	8-bit	78K0S,	and	16-/8-bit	78K0R,	are	still	promoted	for	customers'	new	designs.[14]	But	in	most	of	cases,	migration	to	RL78	Family,[15]	which	is	a
successor	of	78K0R	and	almost	binary	level	compatible	with	78K0R,[16]: 20 	is	recommended.[17]	78K0	Series	[de;	jp]	(also	known	as	78K/0)	is	a	long-running	8-bit	single	chip	microcontroller,[18]	which	is	the	basis	of	78K0S	[jp]	and	78K0R	Series.	It	contains	8×	8-bit	registers	×4	banks.	For	16-bit	calculating	instructions,	it	performs	ALU	operation
twice.	Each	instructions	are	performed	serially	without	instruction	pipelining.	It	has	16-bit	64K	Byte	address	space.[19]	Some	variants	of	78K0	have	affordable	and	compact	type	8-bit	R-2R	D/A	converter,	which	does	not	have	monotonicity	because	it	is	not	trimmed	for	adjustment	nor	followed	by	operational	amplifier.	In	its	earlier	stage,	the	Program
Memory	was	one-time	PROM	(OTP),	UV-EPROM,	or	mask	ROM.[20]	But	with	the	times,	it	became	flash	memory.[21][22]	78K0S	Series	(also	known	as	78K/0S)	is	a	low-end	version	of	78K0.[23][24][25]	It	has	8×	8-bit	registers,	but	without	any	banks.	In	addition,	some	instructions,	such	as	multiplication	and	division,	are	removed	from	78K0	instruction
set	architecture.[26]	78K0R	Series	is	a	16-bit	single-chip	microcontroller	with	3-stage	instruction	pipelining.[27]	Its	instruction	set	is	similar	to	78K0	and	covers	16-	and	8-bit	operations.	It	has	20-bit	1M	Byte	address	space.[28]	75	instructions	out	of	80	are	identical	with	that	of	RL78	Family;	its	successor.[16]: 20 [15][29]	178K0	Series	(also	known	as
178K/0)	is	a	successor	of	NEC's	17K	Family	4-bit	microcontroller	for	DTS	(Digital	Tuning	Systems)	and	remote	controls.[30]	It	integrates	17K	family's	peripheral	functions	with	the	78K0	8-bit	CPU	core	on	a	chip.[31]	178K0S	Series	(also	known	as	178K/0S)	is	also	a	successor	of	17K	Family	with	the	78K0S	CPU	core.[32]	78K4	Series	(also	known	as
78K/4)	is	a	16-bit	single-chip	microcontroller	with	16	and	8-bit	operations.[33][34][35][36]	It	has	16×	8-bit	registers	×4	banks,	which	can	be	also	used	for	8×	16-bit	registers	×4	banks.	Some	of	these	registers	can	be	also	used	as	24-bit	extension	for	addressing	modes.[37]	It	has	24-bit	16M	Byte	address	space.	It	has	microcode-based	operations	named
Macro	Service	with	interrupt	functions.[38]: §23.8, 560–593 	78K7	Series	(also	known	as	78K/7)	is	a	32-bit	single-chip	microcontroller	with	32,	16	and	8	bit	operations.	It	has	8×	32-bit	registers	×16	banks,	which	can	be	also	used	for	16×	16-bit	registers	×16	banks	and	16×	8-bit	registers	×16	banks.	It	has	microcode-based	operations	named	Macro
Service	with	interrupt	functions.	It	has	24-bit	16M	Byte	linear	address	space.	It	is	used	for	some	Quantum	Fireball	products,[39]: Photo	2 	but	shortly	replaced	with	V850	Family	32-bit	RISC	microcontrollers.	78K6	Series	(also	known	as	78K/6)	is	a	16-bit	single-chip	microcontroller.	Its	life-time	was	short,	and	less	variants.	78K1	Series	(also	known	as
78K/1)	is	an	8-bit	single-chip	microcontroller.	It	has	8×	8-bit	registers	×4	banks.	78K1	series	is	targeted	for	servo	controls	of	videocassette	recorders.	μPD78148	sub-series	integrates	2	operational	amplifiers.[40]	78K3	Series	(also	known	as	78K/3)	is	a	16-bit	single-chip	microcontroller	with	16	and	8	bit	operations.	It	has	16×	8-bit	×8	banks,	which	can
be	also	used	for	8×	16-bit	registers	×8	banks.	Its	address	space	is	16-bit	64K	Byte.	It	is	developed	as	high-end	series	of	78K	Family.	It	has	microcode-based	operations	named	Macro	Service	with	interrupt	functions.[41]: §13.4, 261–280 	This	series	is	used	for	hard	disk	drives,	especially	Quantum	Fireball	Series.[42]	μPD78364	sub-series	is	used	for
inverter	compressor	controls.[43]	It	is	also	used	for	traction	control	systems	of	some	cars.	78K2	Series	(also	known	as	78K/2)	is	an	8-bit	single-chip	microcontroller.	It	has	8×	8-bit	registers	×4	banks.	It	is	developed	as	general	purpose	series	of	78K	Family.[44]	87AD	Family[4]: 229 	is	an	8-bit	single-chip	microcontroller.	It	has	8×	8-bit	registers	×4
banks.	Its	instruction	set	architecture	became	the	basis	of	78K.[45]	17K	Family[4]: 229 	is	a	4-bit	single-chip	microcontroller,	especially	dedicated	for	DTS	(Digital	Tuning	Systems)	and	remote	controls.	It	has	2	plane	of	128×	4-bit	register	files,	and	sophisticated	fully	orthogonal	instruction	set.	This	instruction	set	is	completely	different	from	that	of	78K
Family.[30]	Series	ALU	Registers	Instructions	Pipeline	Remark	Documents	RL78-S3	16-bit	8×	8-bit	×4	banks	81	(75+6)	3-stage	Successor	of	78K0R	[29]: 8 	RL78-S2	16-bit	8×	8-bit	×4	banks	75	3-stage	RL78-S1	8-bit	8×	8-bit	(no	bank)	74	(75-1)	3-stage	78K0R	16-bit	8×	8-bit	×4	banks	80	(75+5)	3-stage	Extended	78K/0	[28]: 18 	78K0S	8-bit	8×	8-bit	(no
bank)	47	none	Simplified	78K/0	[25]	78K0	8-bit	8×	8-bit	×4	banks	48	none	Basic	78K/0	core	[19]	178K0S	8-bit	8×	8-bit	47	none	78K/0S	for	DTS;Digital	Tuning	System	[25][32]	178K0	8-bit	8×	8-bit	×4	banks	48	none	78K/0	for	DTS	[19][31]	78K4	16-bit	16×	8-bit	×4	banks	113	none	Macro	service	available	[37]: 24, 128 	78K7	32-bit	16×	16-bit	×16	banks
none	Macro	service	available	[46]	78K6	16-bit	Macro	service	available	78K1	8-bit	8×	8-bit	×4	banks	64	none	For	VCR	servo	controls	[40]: 3, 39 	78K3	16-bit	16×	8-bit	×8	banks	113–115	none	Macro	service	available	[47]: 3–28, 45 	78K2	8-bit	8×	8-bit	×4	banks	65	none	General	purpose	[44]: 16, 50 	87AD	8-bit	8×	8-bit	×2	banks	CMOS:	159NMOS:	158
none	Predecessor	of	78K	[45]: 21, 39 	(17K)	4-bit	128×	4-bit	×2	banks	47	none	Predecessor	of	178K	[30]	RL78	NEC	V20	V850	Renesas	740	IEBus	^	Oklobdzija,	Vojin	G.	(2001).	The	Computer	Engineering	Handbook.	CRC	Press.	ISBN	9780849308857.	^	Edwards,	Lewin	A.	R.	W.	(2006).	So,	You	Wanna	be	an	Embedded	Engineer:	The	Guide	to
Embedded	Engineering,	from	Consultancy	to	the	Corporate	Ladder.	Newnes.	p.	78.	ISBN	9780750679534.	NEC	78K.	^	"78k	|	The	CPU	Shack	Museum".	www.cpushack.com.	^	a	b	c	Parai,	Manas	Kumar;	Das,	Banasree;	Das,	Gautam	(January	2013).	"An	Overview	of	Microcontroller	Unit:	From	Proper	Selection	to	Specific	Application".	International
Journal	of	Soft	Computing	and	Engineering.	2	(6):	228–231.	ISSN	2231-2307.	S2CID	11529467.	^	NECエレクトロニクス	8ビットマイコンのあゆみ	[History	of	8-bit	microcontrollers	of	NEC	Electronics]	(PDF)	(in	Japanese).	Sunhayato	Corp.	^	"microcontroller".	The	Free	Dictionary.	^	Oklobdzija,	Vojin	G.	(2017).	Digital	Systems	and	Applications.	CRC
Press.	ISBN	9781351838108.	^	"NEC	Electronics	Introduces	12	New	16-bit	All	Flash	Microcontrollers	with	LCD	Controller/Driver	Circuit".	Business	Wire.	2009-01-16.	^	Garcia,	Pedro	Castillo;	Lozano,	Rogelio;	Dzul,	Alejandro	Enrique	(2006).	Modelling	and	Control	of	Mini-Flying	Machines.	Springer	Science	&	Business	Media.	ISBN	9781846281792.
^	Archived:	"MPU	&	MCU	|	Renesas	Electronics".	7	October	2012.	Archived	from	the	original	on	2012-10-07.	^	Emilio,	Maurizio	Di	Paolo	(2014).	Embedded	Systems	Design	for	High-Speed	Data	Acquisition	and	Control.	Springer.	ISBN	9783319068657.	^	Electronic	Specifier	(2009-04-19).	"NEC	Electronics'	new	78K	Primer	Kit".
www.electronicspecifier.com.	^	Bender,	Klaus;	Jack,	Peter;	Koç,	Ali;	Péter,	Istvan;	Megyeri,	Gergely	(2001).	Qualitätssicherung	eingebetteter	Software	:	Methoden	und	Best-Practices	:	[FUSIM]	(in	German).	München:	Herbert	Utz	Verlag.	ISBN	9783831600243.	^	a	b	Renesas	official:	Renesas	MPUs	&	MCUs	78K	MCU	Selection	Guide.	Renesas
Electronics.	^	a	b	Dean,	Alexander	G.;	Conrad,	James	M.	(2012).	Creating	Fast,	Responsive	and	Energy-Efficient	Embedded	Systems	using	the	Renesas	RL78	Microcontroller	(PDF).	Weston,	FL:	Micrium	Press.	ISBN	9781935772989.	^	a	b	Renesas	official:	Porting	guide	from	78K0R/FC3	to	RL78/F14.	Renesas	Electronics.	^	"Renesas	Electronics
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(PDF).	4th	International	CAN	Conference,	ICC.	97:	4-02–11.	^	a	b	c	Renesas	official:	78K/0	Series	for	Instructions.	Renesas	Electronics.	^	Renesas	official:	UPD78054,78054Y	Subseries	User's	Manual.	Renesas	Electronics.	^	"NEC	launches	14	new	8-bit	MCUs	for	automotive	dashboard	applications	|	EE	Times".	EETimes.	^	Renesas	official:	78K0/Dx2
User's	Manual:	Hardware.	Renesas	Electronics.	^	Suzuki,	Tetsuya	(2007-06-22).	Google	Translate	-	Introduction	site	of:	Cコンパイラで遊ぶ78K0Sマイコン	[Play	with	the	C	compiler	78K0S	microcomputer]	(in	Japanese).	Tokyo,	Japan:	Socym	Co,.Ltd.	ISBN	9784883375394.	^	Skorobogatov,	Sergei	(17	August	2010).	"Flash	Memory	'Bumping'	Attacks".
Cryptographic	Hardware	and	Embedded	Systems,	CHES	2010	(PDF).	Lecture	Notes	in	Computer	Science.	Vol.	6225.	Springer,	Berlin,	Heidelberg.	pp.	158–172.	doi:10.1007/978-3-642-15031-9_11.	ISBN	9783642150319.	^	a	b	c	Renesas	official:	78K/0S	Series	for	Instructions.	Renesas	Electronics.	^	Renesas	official:	"Difference	on	78K0	and	78K0S	in
8-bit	All	Flash	microcontrollers".	Renesas	Electronics	-	Knowledgebase.	28	June	2016.	^	Kim,	Dahoo;	Hida,	Itaru;	Fukuda,	Eric	S.;	Asai,	Tetsuya;	Motomura,	Masato	(November	2014).	A	Study	of	Transparent	On-chip	Instruction	Cache	for	NV	Microcontrollers.	The	Seventh	International	Conference	on	Advances	in	Circuits,	Electronics	and	Micro-
electronics.	pp.	26–29.	CiteSeerX	10.1.1.676.6935.	ISBN	978-1-61208-379-7.	ISSN	2308-426X.	^	a	b	Renesas	official:	78K0R	Microcontrollers	User's	Manual:	Instructions.	Renesas	Electronics.	^	a	b	Renesas	official:	RL78	family	User's	Manual:	Software.	Renesas	Electronics.	^	a	b	c	17K	4-bit	Microcontroller	Data	Book	(1992).	NEC.	^	a	b	Renesas
official:	UPD178024	Subseries	User's	Manual.	Renesas	Electronics.	^	a	b	Renesas	official:	UPD179327	Subseries	User's	Manual.	Renesas	Electronics.	^	JPRS	Report:	Science	&	technology.	Japan.	Foreign	Broadcast	Information	Service.	1994.	p.	25.	The	78K/IV	has	upward	compatibility	regarding	the	instruction	sets	of	the	existing	78K/0,	78K/II	and
78K/III.	Major	features	of	the	78K/IV	are:	1)	linear	addressing	of	16	M	bytes,	2)	wide	operative	voltage	=	2.7-6.0	V,	3)	efficient	power	management,	4)	instruction	sets	for	C	compiler.	NEC	has	developed	the	1st	product	"puPD784026	subseries"	that	has	upward-compatible	peripheral	functions	of	the	78K/II	series.	^	Ohuchi,	Mitsurou;	Kawata,
Kazuhide;	Akiyama,	Shin-ichiro;	Imamura,	Hirohisa;	Fukushima,	Kiyoshi;	Ishizaki,	Norihiko;	Imamizu,	Jun-ichi;	Mori,	Takehiko;	Ono,	Hirohihiko;	Nakata,	Shigeru	(1994).	"16ビットシングルチップマイクロコンピュ-タ78K/4シリ-ズ	(半導体デバイス)"	[16-Bit	Single	Chip	Microcomputer	78K/IV	Series.].	NEC	Technical	Journal.	47	(3):	122–127.	^	"NEC:	News
Release	96/10/30-01".	www.nec.co.jp.	^	"Micro	Controller	(Data	Part)".	www.cpe.ku.ac.th.	^	a	b	Renesas	official:	78K/IV	Series	Instructions.	Renesas	Electronics.	^	Renesas	official:	UPD784908	Subseries	Hardware	(Preliminary).	Renesas	Electronics.	^	Lui,	Dr.	Gough	(16	August	2013).	"Salvage:	Quantum	Fireball	1280Mb	AT	Hard	Drive".	Gough's
Tech	Zone.	Phto	2.	^	a	b	Renesas	official:	UPD78148	User's	Manual.	Renesas	Electronics.	^	Renesas	official:	UPD78334	User's	Manual.	Renesas	Electronics.	^	"Software	repair	of	hard	disks	HDD	(Google	Translate)".	www.phantom.sannata.ru	(in	Russian).	4X_Pro.	^	Renesas	official:	UPD78366A	Hardware.	Renesas	Electronics.	^	a	b	Renesas	official:
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daily	work	or	life	nowadays.	A	big	screen,	Apple	pencil,	and	keyboard	support,	it	has	a	more	important	role	in	the	office	now.	Editing	PDFs	on	iPad	is	just	one	of	its	uses.	Associated	with	Apple	pencil,	writing,	annotating,	filling	forms,	etc.	all	become	effortless.	Wait!	You	don’t	know	how	to	edit	a	PDF	on	iPad?	Alright,	this	is	why	you	come	to	this	blog!
2	ways	for	efficiently	editing	PDFs	on	iPad	are	listed	below,	check	them	for	more	information	now.	How	to	Edit	a	PDF	on	iPad	with	Pencil	Basic	PDF	editing	can	be	fully	completed	by	iPadOS	itself.	It	enables	you	to	edit	a	PDF	directly	in	its	Files	app.	Just	save	the	PDF	to	the	Files	and	open	it	in	that	app.	You	will	find	a	pencil	icon	and	tapping	it	will
offer	you	options	to	markup,	and	add	texts	and	signatures.	Adding	shapes	like	arrows,	circles,	etc.	is	also	practical.	You	can	follow	the	steps	below	to	edit	PDF	on	iPad	too.	Step	1.	Save	the	PDF	to	Files	on	iPad.		Step	2.	Open	the	PDF	in	the	Files	app.	Step	3.	Tap	the	pencil	icon	and	start	to	edit.		If	the	files	are	stored	on	the	iPhone	or	your	Mac,	you	just
need	to	use	AirDrop	to	send	them	to	your	iPad	and	the	file	will	be	directly	opened.		How	to	Edit	PDF	Books	on	iPad	This	might	surprise	you	if	you	haven’t	used	the	Books	app	to	read	PDF	books	before.	Yes!	Apple	Books	app	supports	annotating,	making	comments,	taking	notes,	etc.	on	PDF.	Having	an	Apple	Pencil	would	even	make	this	easier.	The
steps	to	edit	PDF	books	are	the	same	as	above.	You	just	need	to	import	the	PDF	book	to	the	Books	app.		Just	2	steps	to	follow	below:	Step	1.	Press	the	book	until	a	menu	appears.	Step	2.	Choose	Share	and	then	select	the	books	app	to	open	it.	Compress	PDF	iPadOS	16	even	supports	Compressing	PDFs	now.	You	can	use	this	feature	just	by	pressing	the
PDF	files	and	then	a	menu	appears	offering	you	a	Compress	PDF	choice.		From	the	content	above,	you	know	that	iPadOS	can	help	with	PDF	editing	and	its	features	can	already	make	lots	of	users	feel	satisfied.	However,	the	Files	app	is	not	a	professional	PDF	editor	after	all.	Features	like	removing	watermarks,	adding	links	to	PDFs,	word	count,	etc.
are	not	available	for	now.	Therefore,	you	may	also	need	a	PDF	editor	for	a	further	step.	Use	PDF	Editor	on	iPad	for	More	Features	This	blog	selects	the	2	most-used	PDF	editors	available	on	the	App	Store.	All	of	them	have	an	iPad	version	and	are	easy	to	use.	Check	them	out!	Adobe	Acrobat	Reader		This	first	app	is	“notorious”.	Adobe	Acrobat	Reader
gained	lots	of	fame	because	it	used	to	be	the	first	choice	of	many	people	when	talking	about	PDF	editing.	But	why	is	it	notorious?	The	answers	are	multiple	limitations	of	the	free	version	and	an	expensive	subscription	for	the	premium.		But	it	still	has	some	useful	and	free	features	for	you:	Swap	images	Sign	documents	Fill	Forms	Add	comments	Import
scanned	docs	(after	installing	the	Adobe	Scan	app)	Share	files	with	a	link	Annotate	PDFs	Other	features	like	editing	text,	format,	and	images,	etc.	are	premium.		Also	Read:	5	Alternatives	to	Editing	a	PDF	without	Adobe	Acrobat		PDF	Expert	Editors’	choice	in	the	App	Store	-	PDF	Expert	is	another	choice	for	editing	PDFs	on	iPad.	Associated	with	Apple
Pencil,	this	app	would	make	PDF	editing	much	easier.	Besides	the	basic	features	that	all	PDF	editors	share,	some	advanced	features	of	it	can	be	listed	below.	Add	links	to	PDF	Redact	PDF		Organize	PDF	pages	Convert	PDF	Merge	PDF	Recognize	text(OCR)	Yes!	This	app	enables	you	to	add	links	to	PDF	and	this	can	not	be	done	by	the	product	in	the
last	part.	It	also	supports	you	to	redact	sensitive	content	in	your	PDF.	Your	personal	information	can	be	better	protected.	Frequently	used	converting,	and	merging	PDFs	are	also	included	in	this	tool.	PDF	Expert	app	also	offers	iPhone	and	Mac	versions	if	you	need	them.		One	More	Thing	to	Notice	There	is	a	PDF	editor	for	Windows	for	you	too	and	it
has	a	name	called	SwifDoo	PDF.	This	PDF	editor	is	just	as	powerful	as	Adobe	Acrobat	Reader	and	the	PDF	Expert.	You	can	find	all	the	features	they	have	in	SwifDoo	PDF	too.	It	offers	a	long	free	trial	for	all	the	users	and	you	can	try	out	this	software	on	Windows	now!		SwifDoo	PDF:	All-in-One	Free	PDF	Software	Annotate	PDFs	by	adding	notes,
bookmarks,	etc	Convert	PDFs	to	Word,	Excel,	and	other	editable	files	Edit,	compress,	organize,	and	split	PDFs	Free	DownloadWindows	11/10/8.1/7/XP	The	Bottom	Line	All	about	how	to	edit	a	PDF	on	iPad	has	been	presented	to	you.	The	Files	and	Apple	Books	apps	are	recommended	to	you	if	you	just	need	basic	editing	and	don’t	want	to	download	apps
and	pay	for	them.	2	professional	PDF	editors	also	appear	for	users	who	have	more	requirements	for	PDF	editing.	Adobe	Acrobat	Reader	and	PDF	Expert	are	both	worth	trying.	Last,	a	PDF	editor	for	Windows	-	SwifDoo	PDF	is	introduced	for	Windows	users	too.	Now	select	the	best	tool	for	you	and	start	editing	PDFs	now!		Line	of	stylus	pens	designed
by	Apple	Inc.	Apple	PencilApple	Pencil	(second	generation)DeveloperApple	Inc.ManufacturerApple	Inc.TypeDigital	stylusRelease	dateNovember	11,	2015	(2015-11-11)	(1st	generation)	November	7,	2018	(2018-11-07)	(2nd	generation)November	1,	2023	(2023-11-01)	(USB-C)May	15,	2024	(2024-05-15)	(Pro)Introductory	priceUS$99[1][2]System	on	a
chip32-bit	RISC	ARM-based	Cortex-M3CPUSTMicroelectronics	STM32L151UCY6	Ultra-low-power	MCU	@	32	MHzMemory64-Kilobyte	FlashInputFirst	generation:Lightning	connector	eight	pin,	Bluetooth	4.1[3]	Second	generation:Bluetooth	4.1[4]Power3.82	V	0.329	W·h	(86.1	mA·h)DimensionsFirst	generation:Length:	6.92	inches	(176	mm)	measured
from	tip	to	capDiameter:	0.35	inches	(8.9	mm)[3]	Second	generation:Length:	6.53	inches	(166	mm)	Diameter:	0.35	inches	(8.9	mm)[4]	USB-C:Length:	6.10	inches	(155	mm)	Diameter:	0.29	inches	(7.4	mm)Weight0.73	ounces	(21	g)Websitewww.apple.com/apple-pencil/	Apple	Pencil	is	a	line	of	wireless	stylus	pen	accessories	designed	and	developed	by
Apple	Inc.	for	use	with	supported	iPad	tablets.	The	first-generation	Apple	Pencil	was	announced	alongside	the	first	iPad	Pro	on	September	9,	2015.	It	communicates	wirelessly	via	Bluetooth	and	has	a	removable	cap	that	conceals	a	Lightning	connector	used	for	charging.	The	Pencil	is	compatible	with	the	first-	and	second-generation	iPad	Pro	models,
and	the	sixth	through	tenth-generation	iPad	models	(with	the	latter	requiring	a	USB-C	adapter).[5][6]	The	second-generation	Apple	Pencil	was	announced	on	October	30,	2018,	alongside	the	third-generation	iPad	Pro,	and	is	used	with	most	iPad	models	that	contain	a	USB-C	connector	(excluding	the	tenth-generation	iPad).	It	uses	a	magnetic	connector
on	the	side	of	the	tablet	for	charging	rather	than	a	Lightning	connector,	and	includes	touch-sensitive	areas	that	can	be	tapped	to	perform	actions	within	supported	apps.	In	October	2023,	Apple	announced	a	third	Apple	Pencil	model,	intended	as	a	lower-cost	alternative	to	the	second-generation	Pencil	on	iPad	models	with	USB-C	connectors;	this
version	removes	the	pen	pressure	sensitivity,	touch-sensitive	areas,	and	magnetic	charging	features,	and	is	charged	using	a	USB-C	connector	concealed	by	sliding	up	its	cap.	Apple	has	promoted	the	Pencil	as	being	oriented	towards	creative	work	and	productivity;[7]	during	its	unveiling,	the	Pencil's	drawing	capabilities	were	demonstrated	using	the
mobile	version	of	Adobe	Photoshop,[8]	and	its	document-annotation	capabilities	were	shown	on	several	Microsoft	Office	apps.[9][10]	The	Apple	Pencil	has	pressure	sensitivity	and	angle	detection,	and	it	was	designed	for	low	latency	to	enable	smooth	marking	on	the	screen.[11][12]	The	Pencil	and	the	user's	fingers	can	be	used	simultaneously	while
rejecting	input	from	the	user's	palm.[13][14]	One	end	of	the	device	has	a	magnetically-fastened	removable	cap	which	covers	a	Lightning	connector	which	is	used	for	charging	from	an	iPad's	Lightning	port.	A	complete	charge	lasts	about	twelve	hours,	fifteen	seconds	of	charging	provides	sufficient	power	for	30	minutes	of	use	and	it	takes	about	10
minutes	to	charge	it	fully.[15]	It	also	ships	with	a	female-to-female	Lightning	adapter	that	allows	it	to	be	used	with	charging	cables.[16]	The	Apple	Pencil	uses	an	STMicroelectronics	STM32L151UCY6	Ultra-low-power	32-bit	RISC	ARM-based	Cortex-M3	MCU	running	at	32	MHz	with	64	KB	of	flash	memory,	a	Bosch	Sensortech	BMA280	3-axis
accelerometer	and	a	Cambridge	Silicon	Radio	(Qualcomm)	CSR1012A05	Bluetooth	Smart	IC	for	its	Bluetooth	connection	to	the	iPad.	It	is	powered	by	a	rechargeable	3.82	V,	0.329	Wh	lithium-ion	battery.[17][18]	The	first-generation	Apple	Pencil	is	compatible	with	iPad	models	released	since	2018	that	have	a	Lightning	connector,	including	the	first-
and	second-generation	iPad	Pro	models,	third-generation	iPad	Air,	fifth-generation	iPad	Mini,	sixth-generation	9.7-inch	iPad,	and	the	seventh,	eighth,	and	ninth-generation	10.2-inch	iPad	models.[19][20]	It	also	supports	the	tenth-generation,	10.9-inch	iPad	released	in	2022,	but	requires	a	dongle	(similar	to	the	aforementioned	Lightning	adapter)	to
connect	it	to	a	USB-C	cable	for	charging.	Apple	began	to	bundle	this	dongle	with	Pencil	units	in	October	2022,	and	it	can	be	purchased	separately	by	existing	owners.[20][16]	The	first	generation	Apple	Pencil,	with	its	Lightning	connector	exposed.	The	accompanying	female-to-female	Lightning	adapter	is	below	the	Pencil.	On	October	30,	2018,	Apple
announced	an	updated	Pencil	alongside	the	third-generation	iPad	Pro.	It	is	similar	in	design	and	specifications	to	the	first	model,	but	without	the	detachable	connector,	and	part	of	the	stylus	is	flattened	to	inhibit	rolling.	It	contains	tap-sensitive	zones	on	its	sides	that	can	be	mapped	to	functions	within	apps.[21]	The	sixth-generation	iPad	Pro	added	the
ability	to	detect	Pencil	position	and	angle	up	to	12	millimetres	(0.47	in)	above	the	screen.[22][23][24]	Custom	laser	engraving	is	available	when	purchased	via	the	Apple	Store	online.[21]	Rather	than	a	physical	Lightning	connector,	the	second-generation	Pencil	is	paired	and	charged	using	a	proprietary	magnetic	wireless	charging	connector	on	the
tablet	instead.	As	such,	it	is	only	supported	by	the	third-,	fourth-,	fifth-	and	sixth-generation	iPad	Pro,[21][25]	sixth-generation	iPad	Mini,	and	the	fourth-[26]	and	fifth-generation	iPad	Air.	All	of	these	models	have	USB-C	connectors	instead	of	Lightning,	making	them	physically	incompatible	with	the	first-generation	Pencil.[25][21]	On	October	17,	2023,
Apple	announced	a	new	entry-level	Pencil	model,	compatible	with	iPad	models	using	USB-C	connectors.	This	variant	lacks	pressure	sensitivity	and	the	tap-sensitive	zones	of	the	second-generation	Pencil,	but	still	supports	hover	detection	on	supported	iPad	models.	It	is	charged	via	a	USB-C	port	concealed	by	sliding	up	its	cap.[27][28]	Apple	Pencil
ProApple	Pencil	ProDeveloperApple	Inc.ManufacturerApple	Inc.Product	familyApple	PencilTypeDigital	StylusGeneration1stRelease	dateMay	7,	2024Introductory	priceUS$129DimensionsLength:	166	mm	(6.53	inches)	Diameter:	8.9	mm	(0.35	inches)Weight19.15	grams	(0.68	ounces)BackwardcompatibilityiPad	Pro	(7th	generation),	iPad	Air	(6th
generation)Websitewww.apple.com/apple-pencil/On	May	7,	2024,	Apple	announced	the	new	Apple	Pencil	Pro	including	a	new	sensor	in	the	barrel	of	the	pencil	allowing	squeeze	and	roll	controls,	and	haptic	feedback.	The	new	model	also	supports	Apple's	Find	My	and	is	only	compatible	with	the	iPad	Pro	11-	and	13-inch	with	M4	chip,	the	iPad	Air	11-
and	13-inch	with	M2	or	M3	chips,	and	the	iPad	Mini	(7th	Generation).[29]	Supported	Apple	Pencils	on	the	iPad	iPad	models	Connector	Year	Pencil	1st	gen	Pencil	2nd	gen	Pencil	USB-C	Pencil	Pro	iPad	Pro	iPad	Pro	(7th	gen)	USB-C	2024	iPad	Pro	(6th	gen)	2022	iPad	Pro	(5th	gen)	2021	iPad	Pro	(4th	gen)	2020	iPad	Pro	(3rd	gen)	2018	iPad	Pro	(2nd
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