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Memory	market	and	technology	
•  Strong	market	concentraAon		

•  NAND	(24B$):	Micron,	Samsung,	Hynyx,	Toshiba		
•  DRAM	(45B$):	Micron,	Samsung,	Hynyx	
•  X-point:	not	clear	market/applicaAon	now	

•  DRAM	and	2D	NAND	scaling	conAnues	slowly	
•  3D	NAND	more	acAve	



DRAM	challenges	
•  Unclear	if	the	verAcal	DRAM	structure	can	scale	beyond	10nm	
•  Scaling	limitaAons	overcame	by	3D	packaging	



NAND	challenges	
•  3D	NAND	ramps	up,	as	2D	scaling	pushes	ahead	
•  Yield	and	device	challenges	

–  Poly	channel:	defect/charge	trapping	effects	on	current		
–  Thin	body	
–  Charge	trapping	



3D	Xpoint	memory:	status	
•  Technology	explored:	

–  ReRAM	–	selector	is	a	big	issue,	and	many	tech	opAons	are	
currently	invesAgated	(OTS,	tunneling/Sho]ky	barriers)	

–  STT	–	can	combine	working	and	NVM	strongly	reducing	the	
power	consumpAon;	suited	for	IoT	



3D	Xpoint	memory:	challenges		
•  Technology	sAll	

in	the	discovery		
part	

•  Research	
needed	to	find	
best	soluAons	
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PCM	with	bipolar	switching	for	improved	retenAon	

Polimi:	emerging	memories	
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N.	Ciocchini,	et	al.,	Sci.	Rep.	(2016)	

STT-RAM	models	of	transport,	switching,	endurance	 R.	Carboni,	et	al.,	IEDM	(2016)	



Polimi:	SiOx-based	RRAM	devices	

•  Ti/SiOx/C	RRAM	with	1T1R	structure,	104	on-off	raAo,	108	cycles,	
1h	@	260°C	retenAon	

•  The	PCM,	STT-RAM	and	RRAM	devices	developed/studied	in	
Polimi	are	currently	used	for	in-memory	and	neuro-compuAng	
projects	RESCUE	and	DEEPEN	
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Unimore:	modeling	of	RRAM,	FeRAM,	PCM	
•  Modeling	for	novel	memories	and		neuromorphic	compuAng	devices	
•  Structural	material	changes,	ion/vacancy	migraAon,	ferroelectric	effect,	

phase	change,	…	self	consistently	accounted	for	–	mulAscale	kMC	approach	
•  RRAM,	DRAM,	FeRAM,	selectors	



•  Accurate	simulaAon	of	device	
operaAons	an	reliability	
including	staAsAcs		

•  Noise	characterizaAon	and	
modeling		

F.	Puglisi	et	al.,	IRPS	2015	,	TED	2015,	A.	Padovani	et	al.,	IMW	2012	-	A.	Kalatarian	et.	al.,	IRPS	2012		

Unimore:	RRAM	characteriza9on	&	simula9ons	



UniFE	&	UniCal:	H2020	R2RAM	project	

Development	and	design	of	a	radiaAon	hard	non-volaAle	
memory	technology	by	using	standard	CMOS	silicon	processing.	
	
New	R2RAM		approach:	
Using	the	ResisAve	random-access	memory	(RRAM)	technology	
	
www.r2ram.eu	

WP	# WP	9tle 
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SpecificaAon 

RCD 7 1 6 
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RRAM	
Technology,	
Architecture	
and	Cell	
Development 

IHP 23 1 21 
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D e s i g n	
E n a b l e m e n t	
Plaporm 

IHP 16 1 15 

5 
1	Mbit	Test	
Vehicle	Design 

RCD 22 1 20 

6 
RadiaAon	
TesAng	
Campaign 

IUNET 46 1 24 

7 
DisseminaAon	
and	ExploitaAon 

IUNET 12 4 24 

	 TOTAL 	 131 	 	 



UniFe:	Rad-Hard	1T-1RRAM	single	device	
n Select	rad-hard	transistor	(Enclosed	Layout	Transistor)	
n ELT	manufacturated	in	a	250	nm	CMOS	technology	

n MIM	stack	
n TiN/HfO2/Ti/TiN	stack	
n 150	nm	TiN	top	and	bo]om	electrode	
n 7	nm	Ti	
n 9	nm	HfO2	deposited	by	Chemical	Vapor	DeposiAon	(CVD)	

n Area:	700	x	700	nm2	
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Unife:	radia9on	tes9ng	on	1	Mbits	RRAM	arrays	

n Before	radiaAon,	cells	have	been	formed	and	
programmed	in	LRS	(50%)	and	HRS	(50%)	

n Arer	radiaAon,	the	chip	is	sAll	funcAonal	and	
reprogrammable	(data	through	radiaAon	are	lost	
caused	by	high	LET	doses)	

Two	types	of	radiaAon:	
-  high	energy	(LET=60	MeV/mg/cm2)	Xenon	ions	
-  high	energy	(LET=50	MeV/mg/cm2)	proton	
-  Test	Vehicle:	1Mbit	RRAM	chip	

OperaAon	
Under	
RadiaAon	



Unical:	micromagne9c	simula9on	framework	

Full	micromagneAc	solver		
+		

look-up	table	(LUT)-based	Verilog-A	model	

R.	 De	 Rose	 et	 al.,	 “Variability-Aware	 Analysis	 of	 Hybrid	 MTJ/CMOS	 Circuits	 by	 a	 MicromagneAc-Based	 SimulaAon	 Framework,”	 IEEE	
Transac.ons	on	Nanotechnology,	vol.	16,	no.	2,	pp.	160–168,	2017.	

Analysis	of	write	access	Ame	and	energy	in	
STT-MRAMs	under	voltage	scaling	
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SimulaAon	approach	to	perform	a	variability-aware	analysis	of	hybrid	
CMOS/MTJ	circuits	considering	the	impact	of	MTJ	and	CMOS	process	

variability	and	the	MTJ	stochasAc	switching	behavior		



Unical:	compact	macrospin	Verilog-A	model	
•  Comprehensive	analyAcal	macrospin	compact	model	for	

perpendicular	STT-MTJs	including	the	effects	of	voltage-dependent	
PMA,	temperature-dependent	parameters,	Joule	heaAng,	MTJ	
process	variaAons	and	stochasAc	switching			

R.	De	Rose	et	al.,	“A	Compact	Model	with	Spin-PolarizaAon	Asymmetry	for	Nanoscaled	Perpendicular	MTJs,”	IEEE	Transac.ons	on	Electron	
Devices,	in	press,	2017,	DOI:	10.1109/TED.2017.2734967.	

Block	diagram	of	the	Verilog-A	compact	model		
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	Impact	of	the	technology	scaling	on	write	
access	Ame	and	energy	in	STT-MRAMs			



Conclusions	
•  Ho]est	topics	in	the	“memory”	field:	

•  DRAM	scaling	
•  Reliable	soluAon	for	selectors	for	x-point		
•  Embedded	for	automoAve?	

•  IUNET	acAve	in	all	emerging	memory	fields	for	xpoint:	RRAM,	
PCM,	STT-MTJ,	FeRAM	

•  Issue:	leading	industries	far	from	Europe	(Micron,	Samsung,	
Hynyx,	Toshiba/Sandisk):	access	to	funding	complex	

•  Opportunity:	work	on	embedded	for	automoAve	and	smart	
power	applicaAons?	ConnecAon	to	EU	industry	for	projects?	

	


