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Aim	of	talk

• Sketch	a	global	picture
− Relations	between	physical	

modeling,	model	order	
reduction	and	the	use	of	data

• Start	with	a	specific	example	
from	the	electronics	industry,	
owing	to	the	work	that	was	
done	at	Philips	and	NXP	
Semiconductors

• Discuss	some	major	
challenges	and	developments

• Present	the	way	forward

PAGE 2



GOING	BACK	IN	TIME	
30	YEARS
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Semiconductor	devices

• Semiconductor	devices	
are	the	building	blocks	
of	all	electronics	
products

− Resistors,	Capacitors,	
Inductors,	Diodes

− Bipolar	transistors
− MOS	transistors	(metal	
oxide	semiconductor)
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Semiconductor	device	simulation	at	Philips	
Research
• Semiconductor	devices	are	described	by	using	2	types	of	
particles:	electrons	and	holes	(=“absence	of	electron”)

• Starting	point	for	the	modelling	is	the	Boltzmann	Transport	
Equation	(BTE),	for	both	particles	(“n”	referring	to	electrons,	
“p”	to	holes):
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The BTE need to be solved, in 6-dimensional 
phase space, for the density functions f 

àvery time consuming…alternative?



The	method	of	moments

• Moments	of	the	BTE	have	a	physical	meaning:	the	
zero	order	moment	relates	to	the	concentration	of	
particles
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• The	first	order	moment	relates	to	the	current	density:



Using	the	method	of	moments	up	to	order	1,	
we	arrive	at	the	drift-diffusion	model

• The	drift-diffusion	model	consists	of	the	Poisson	
equation	for	the	electric	potential:
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• Plus	the	continuity	equations	for	holes	and	electrons:

• And	constitutive	relations	for	the	current	densities:
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• Plus	the	continuity	equations	for	holes	and	electrons:

• And	constitutive	relations	for	the	current	densities:

D is the doping profile, 
specific for the device



Using	the	method	of	moments	up	to	order	1,	
we	arrive	at	the	drift-diffusion	model

• The	drift-diffusion	model	consists	of	the	Poisson	
equation	for	the	electric	potential:

PAGE 9

• Plus	the	continuity	equations	for	holes	and	electrons:

• And	constitutive	relations	for	the	current	densities:

The recombination R and the mobilities μ
are parameters to be determined/given



Models	for	mobility	and	recombination

• At	Philips	Research,	there	was	a	group	of	physicists	
and	electronic	engineers	working	constantly	on	new	
models	for	mobility	and	recombination

• Also	at	other	companies,	such	groups	existed,	and	
they	were	competing	on	a	world	wide	scale
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How	were	these	models	constructed?

• The	Philips	group	performed	many	experiments	and	
many	simulations

• Then	used	physical/electronic	insight,	curve-fitting,	
interpolation	and	other	methods	to	come	up	with	a	
model	that

− Had	increased	functionality
− Improved	the	accuracy	of	simulations
− Brought	experimental	results	and	simulations	closer	together	
in	the	process	of	on-going	miniaturization	of	semiconductor	
devices
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Hierarchy	of	models	for	mobility

• Simple	initial	simulations	using	constant	mobilities
• Models	describing	lattice	scattering	(particles	interact	
with	the	atoms	in	the	semiconductor	lattice)

• Ionized	impurity	scattering	(interactions	with	the	
ionized	impurities	à doping)

• Carrier-carrier	scattering	(electrons	and	holes	with	
each	other	and	with	the	different	species)

• Effects	of	ultra-high	concentration
• Velocity	saturation,	field	dependence,	…
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Similar story for the recombination R



Electronic	circuits

• Semiconductor	devices	may	be	
the	basic	building	blocks,	a	
level	higher	we	find	the	
electronic	circuits	that	consist	
of	hundreds,	thousands	and	
often	millions	of	
semiconductor	devices
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Electronic	circuit	simulation

• Simulating	the	behavior	of	an	electronic	circuit	by	using	
(coupled)	semiconductor	device	simulation	for	all	devices	in	
the	circuit	is	an	impossible	task

• Fortunately,	not	all	devices	are	different,	often	only	a	few	
types	of	transistors	are	used

• For	these	devices,	so-called	compact	device	models	are	
constructed,	in	a	way	that	is	very	similar	to	constructing	
models	for	mobility	and	recombination:

− Perform	many	measurements	and	simulations
− Use	physical/electronic	insight,	discard	certain	phenomena

• Big	difference/complication:
− The	model	must	be	parameterized!
− Models	like	MEXTRAM	contain	50	parameters
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Developments	in	last	15	years

• Besides	the	transistor	models	developed	in	the	major	
semiconductor	companies,	the	so-called	BSIM	models	
were	developed	at	Berkeley

• These	models	are	constructed	in	an	automatic	way,	by	
using	also	many	experimental	results	as	well	as	results	
from	simulations

• Major	questions:	
− can	the	work	done	by	the	specialized	groups	be	replaced	by	
automatic	procedures	generating	advanced	mobility	and	
recombination	models,	or	even	complete	device	models?

− Can	“insight”	be	incorporated	in	some	way?
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Lessons	learned	in	the	electronics	industry

• Modelling	of	semiconductor	devices	and	electronic	
circuits	is	done	in	a	mixed	way:

− Using	physical/electronic	insight,	several	effects	are	described	by	
partial	and	ordinary	differential	equations,	as	well	as	by	algebraic	
relations	that	mimic	the	physical	effects

− Many	measurements	and	simulations	are	performed	in	order	to	
produce	tables	of	values	for	parameters	in	the	models

− Compact	device	models	are	needed	to	perform	electronic	circuit	
simulation	in	an	efficient	way	– these	models	are	also	constructed	
as	a	combination	of	physical	effects	and	parameter	extraction

• Physical	insight	must	be	used	to	reduce	the	complexity	of	
models,	but	data	are	necessary	to	make	such	models	
accurate	descriptions	of	reality
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RECENT	
DEVELOPMENTS
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Product Lifecycle 
Management
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CONCLUSION
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The	particular	approach	depends	upon	the	existing
state	of	simulation	and	/	or	proxy	model	implementation
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Important	to	start/join	new	initiatives

• We	recently	got	our	MSCA	EID	proposal	BIGMATH	
funded:	“Big	Data	Challenges	for	Mathematics”	(4	
years,	7	PhD	students,	8	academic/industry	partners)

• NWA	(Nationale	Wetenschaps	Agenda):	call	was	
published	by	NWO	on	May	24

− 2-step	procedure,	1st proposal	in	September

• NWO	Cross-Over:	call	to	be	published	soon
• We	proposed	a	topic	for	FET	Proactive:	“Digital	Twins	
for	Industry	and	Innovation”,	outcome	expected	
soon

− If	successful,	~20	Meuro	available	for	calls	in	2020
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