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Gordon	Moore	–	2016	Imec	Life?me	of	Innova?on	Award	
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CMOS	Scaling	
	
	
New	drivers	
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PC	wave	
APP	wave	

IoT	wave	

An	Steegen	-	Imec	
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28	nm	

14	nm	

14	nm	

An	Steegen	-	Imec	



Moore’s	law	
‘The	number	of	transistors	per	integrated	
circuit	increases	exponen?ally	with	?me		

‘(doubling	roughly	every	two	years)’	
	

Transistor	scaling	
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Bob	Dennard	
Constant	power	density	scaling	
Not	always	possible		
Trouble	un?l	new	game	changer	is	found.	

Smaller	More	Faster	Less	power	



Transistor	performance	metrics	(T.	Skotnicki)	



Importance	of	Drain	Induced	Barrier	Lowering	

T.	Skotnicki	
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Who	does	be\er	than	bulk	?	(T.	Skotnicki)	

Walter	Snoeys	–	PH	
ESE	ME	–	2011		 10	T.	Skotnicki	



SOI:	Why	thin	buried	oxide	?		

Avoid	drain-to-channel	coupling	to	reduce	Short	Channel	Effects	and	
Drain	Induced	Barrier	Lowering	

11	T.	Skotnicki	
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Transistor	Electrosta?cs	->	new	devices	

An	Steegen	-	Imec	



13	An	Steegen	-	Imec	



14	An	Steegen	-	Imec	
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Transistor	Electrosta?cs	

An	Steegen	-	Imec	
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SRAM	–	MRAM	offers	density	advantage		

An	Steegen	-	Imec	



17	An	Steegen	-	Imec	



18	Luc	Van	den	Hove	



19	Luc	Van	den	Hove	

2D	will	saturate…	
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Use	the	third	dimension	

An	Steegen	-	Imec	
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Use	the	third	dimension	

An	Steegen	-	Imec	
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Architectures	

L.	Van	den	Hove	

§  Evolu?on	 to	 large	 number	 of	
CPU’s	opera?ng	in	parallel	

§  Increase	of	connec?vity	

§  Taking	inspira?on	from	neurons	
in	 the	 brain	 with	 synapses	 to	
10-15000	other	neurons.	Mimic	
th i s	 i n te r connec?v i t y	 i n	
hardware	

§  Example	RRAM	
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Technology	enablers	
	
A	few	examples	
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EUV	now	coming	on-line	(finally)		
perspec?ves	for	cost	and	processing	?me	
savings	on	large	die	for	some	?me	to	come	

An	Steegen	-	Imec	



25	M.	Brudermuller	



26	M.	Brudermuller	



27	I.	Raajmakers	



28	Luc	Van	den	Hove	

New	applica?ons	and	opportuni?es	
§  Healthcare	towards	precision	medicine	
§  Automo?ve	towards	smart	connected	cars	
§  Energy	
§  Internet	of	Things	
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Precision	Medicine	



30	Liesbet	Lagae	-	Imec	

Could	do	much	be\er:	
§  Personalized	drug	fabrica?on	on	demand	
§  Remote	monitoring/treatment	
§  Connected	databases	

§  Expensive	drug	development	for	generic	treatment	
§  Hospital	centered	
§  Fragmented	data	



31	Luc	Van	den	Hove	

Healthcare	towards	precision	medicine	

§  DNA	sequencing:	
§  From	many	weeks	to	a	few	days,	from	many	millions	$	to	a	few	thousand	$	
§  Silicon	enables	integra?on,	mass	produc?on	and	lower	cost	
§  Every	person	is	unique:		

	From	generic	to	specific	treatment		
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Need	mul?ple	genome-sequencing	
	

Liesbet	Lagae	-	Imec	



33	Liesbet	Lagae	-	Imec	



34	K.	Pranjape	-	Intel	



35	K.	Pranjape	-	Intel	

Faster	than	Moore…	
	 	thanks	to	Moore	!	

	



36	K.	Pranjape	-	Intel	

Faster	than	Moore…	
	 	thanks	to	Moore	!	

	4	%	of	data	currently	in	research	 96	%	of	data	stuck	in	ins?tu?ons	
§  Too	large	to	move	
§  Protected	

	



37	K.	Pranjape	-	Intel	
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9	out	of	10	cancer	cells	can	be	detected	from	the	blood	
	

Liesbet	Lagae	-	Imec	
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Micro-machined	 sor?ng	 chips	 can	 accelerate	 the	 process	 to	 within	 prac?cal	
?melines	and	make	it	affordable.	
	

Liesbet	Lagae	-	Imec	
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Micro-machined	 sor?ng	 chips	 can	 accelerate	 the	 process	 to	 within	 prac?cal	
?melines	and	make	it	affordable.	
	

Liesbet	Lagae	-	Imec	
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Wearable	devices	

Liesbet	Lagae	-	Imec	



42	Kristoffer	Famm	-	gsk	

Need	miniaturiza?on	but	also	new	techniques	for	the	interfaces	and	powering	
§  Blocking	inside	the	body	needs	10s	of	mW	
§  Wireless	?	
§  Grain	of	rice	size	devices…	



43	Peter	Piot	–	London	School	of	Hygiene	and	Tropical	Medicine	



44	Peter	Piot	–	London	School	of	Hygiene	and	Tropical	Medicine	

Remote	diagnosis	

Low	cost	smart	phones	key	enabler	in	Africa	



45	P.	Piot	

Mobile	lab	
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Automo?ve	



47	Luc	Van	den	Hove	-	Imec	



48	Luc	Van	den	Hove	-	Imec	

§  Towards	smart	mobility	connected	driver-less	cars		

§  Advanced	sensor	systems	

§  Smart	 signal	 processing:	 detec?on	 –	 posi?oning	 –	
iden?fica?on	

§  Car	=	most	intelligent	robot	in	our	daily	life	
	



49	B.	Hellenthal	-	Audi	

80	%	of	innova?ons	due	to	semiconductors	



50	B.	Hellenthal	-	Audi	

Advanced	sensor	systems	



51	L.	Van	den	Hove	-	imec	

§  28	nm	CMOS		
§  79	GHz	
§  Integrated	with	antenna’s	in	3x2	cm2	module	(chip	much	smaller)	
§  Challenge	is	rejec?on	of	direct	couplings	between	TX	and	RX	
§  Going	to	140	GHz	would	allow	integra?ng	the	antenna	in	the	chip.	



52	IMEC	

P.	Wambacq,	W.	Van	Thillo	et	al.	
§  Journal	of	Solid	State	Circuits	Vol.	49,	no.	12,	December	2014	
§  Journal	of	Solid	State	Circuits	Vol.	51,	no.	5,	May	2016	
§  ISSCC	
	



53	Wim	Van	Thillo	IMEC	



54	B.	Hellenthal	-	Audi	
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56	G.	Pa\on	–	Global	Foundries	

Fully	autonomous	driving	



57	B.	Hellenthal	-	Audi	

Fully	autonomous	driving	
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Energy	



59	Jef	Poortmans	-	Imec	

§  Testbed	for	IoT	
§  Need	to	develop	ecosystem	
§  Data	storage	
	

Energy	and	photovoltaics	(PV)	



60	Jef	Poortmans	-	Imec	



61	Jef	Poortmans	-	Imec	

Towards	higher	efficiency:	
§  Stacked	cells	(thin	film	+	crystalline)	
§  Perovskites	

Direct	 epitaxial	 growth	
from	gas	



62	J.	Poortmans	-	Imec	

Energy	storage	

Shit	genera?on	peak	to	consump?on	peak	
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64	J.	Poortmans	-	Imec	

§  Nanopar?cles	for	enhanced	rate	performance	
§  Imec	is	working	towards	solid-state	Li-ion	ba\eries	for	local	short	term	storage	to	

improve	energy	density,	reliability	and	safety	



65	R.	Belmans	-	Energyville	

Long	term	storage	?	
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Internet	of	Things	



Internet	of	Things	–	Analog	Devices	
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Tradi?onally	specialized	in	interfacing	real	analog	world	to	the	
digital	world	

Defini?on	of	IoT:	a	signal	chain	extending	to	the	Cloud	

Trend	towards	more	intelligence	on	the	sensing	node	
	“transmit	wisdom	not	data”	

Required	technologies	not	yet	mature:	chip	scale	sensors,	energy	
harves?ng,	ultra	low	power	techniques,	…	

System	architecture	cri?cal	and	very	different	for	different	
applica?ons.	

	

	

	

	

Peter	Real	-	Analog	Devices	



68	Luc	Van	den	Hove	

§  Antwerp:	Testbed	for	IoT	
§  Need	to	develop	ecosystem	
§  Data	storage	
	



69	Thomas	Kallstenius	iMinds-IMEC	
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71	Thomas	Kallstenius	iMinds-IMEC	
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Air	quality	monitoring	using	strawberries	

Thomas	Kallstenius	iMinds-IMEC	
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Air	quality	monitoring	using	strawberries	

Thomas	Kallstenius	iMinds-IMEC	



74	Thomas	Kallstenius	iMinds-IMEC	

Distributed	trust:	data	encryp?on	



75	Thomas	Kallstenius	iMinds-IMEC	

Ar?ficial	Intelligence	



76	Thomas	Kallstenius	iMinds-IMEC	

Everything	connected	-	Distributed	Trust	-	Distributed	intelligence	

	



77		walter.snoeys@cern.ch	

§  Data	explosion	(PC	–	App	-	IoT)	

§  Finfet	and	nanowire	transistors	

§  Moore’s	law	con?nues	but	with	expansion	to	3D	

§  Architectures	

§  PC	 and	 mobile	 market	 saturate,	 new	 applica?ons	
emerge	

	

Conclusions:	CMOS	scaling	



New	applica?ons	

78		walter.snoeys@cern.ch	

Medicine	
§  DNA	sequencing	accelerated	by	micro-machined	chips	enables	individualized	

precision	medicine,	early	detec?on	and	monitoring	saves	significant	cost	
§  Wearable	devices	–	portable	labs	–	mobile	phone	
Automo?ve	
§  80	%	of	innova?on	in	semiconductors	
§  Sensor	systems	–	connec?vity	
§  Fully	autonomous	driving	
Energy	
§  PhotoVoltaics:	be\er	efficiency	and	cost	reduc?on	
§  Ba\eries	for	short	term	storage	
Internet	of	Things	(IoT)	
§  Smart	sensor	systems		
§  Encryp?on	
§  Ar?ficial	Intelligence	and	data	
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	Source:	AlixPartners	

Also:	
§  Tipping	point	:	50	B	investment	in	digital	healthcare	in	the	last	18	months	

(Georgia	Papathomas	–	J&J	Pharmaceu?cals)	
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Thank	you	!	


