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Mul$scale	Simula$on	
-  Semi-analy6cal	
-  Closed	form	solu6on	
						of	Poisson	->	NEGF	
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Introduc$on	
Ga

p	

Device	Simula$on	
-  Atomic	scale	
-  Numerical	solu6on	

Circuit	Simula$on	
-  Terminal	voltages/currents	
-  Analy6cal	solu6on	
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Advantages	

Advantage	
-  Quantum	effects	in	transport	

direc6on	included	
-  Source	to	Drain	tunneling	
-  Faster	than	classical	device	

simula6on	

Disadvantage	
-  Not	self	consistent	
						(to	be	shown	if	sufficient)	
-  Slower	than	compact	model	
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Concept	of	the	Modeling	Approach	

Electrosta$cs:		
2D	closed-form	poten$al	solu$on	

Device	current	

One-dimensional	NEGF	
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Electrosta$cs	
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-  2D	closed-form	solu6on	of	Poisson‘s	
equa6on	

-  Based	on	comformal	mapping	
-  Mobile	charge	neglected	

(subthreshold)	
-  Effec6ve	built-in	poten6al	model	

One-dimensional	conduc6on	bands	
(slices	from	source	to	drain)	
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NEGF	–	Without	ScaEering	
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Green‘s	func$on:	

Integra$on	over	energy:	

Electron	density:	

1D	Current	in	one	slice:	

Hamiltonian:	
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Device	Current	
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•  Surface	current	

•  Center	current	

•  Parabolic	func$on		
(Gate	to	Gate)	
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Results		
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•  Compared	against	
TCAD	2D	NanoMOS	
Zhibin	Ren	et	al.,	(2014),	
"NanoMOS,"	hQps://
nanohub.org/resources/
nanomos.	

•  Device	parameters:	
–  tch	=	2	nm		
–  lch	=	6-10	nm		
–  lsd	=	10	nm		
–  tox	=	2.4	nm			
–  Nsd	=	2*1020	cm3	
–  	ɛox	=	16*ɛ0		
–  m	=	0.19*m0			
–  Vds	=	0.4	V	
–  ϑ=300	K	

•  FiPng	of	VR	(quantum	confinement)	
Dalia	Selim	et	al.,	“Rapid	and	Efficient	Method	
for	Numerical	Quantum	Mechanical	
Simula6on	of	Gate-All-Around	Nanowire	
Transistors,“Proceedings	of	the	28th		
INTERNATIONAL	CONFERENCE	ON	
MICROELECTRONICS,	MAY,	2012.	

•  FiPng	of	effec$ve	mass	
m	=	0.29*m0	for	tch	=	1nm		
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Electron	Density	
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	tch	=	2	nm,	lch	=	6	nm,	Vds	=	0.4	V	
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Model	vs.	TCAD:	Drain	Current	
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	tch	=	2	nm,	lch	=	6	nm	-	10	nm,	Vds	=	0.4	V	
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Model	vs.	TCAD:	Drain	Current	
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	tch	=	1	nm,	lch	=	6	nm	-	10	nm,	Vds	=	0.4	V	
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Model	vs.	TCAD:	Drain	Current	
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	tch	=	2	nm,	lch	=	6	nm,	10	nm,	Vds	=	0.4	V,	ϑ=75	K,	300	K	
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Model	vs.	TCAD:	Subthreshold	Slope	
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	tch	=	2	nm,	lch	=	6	nm,	10	nm,	Vds	=	0.4	V,	ϑ=75	K	-	300	K	
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Future	Work	
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	tch	=	2	nm,	Vds	=	0.4	V	

•  Speedup	approach	by	avoiding	numerical	integra6on	over	energy:	
–  Calculate	current	only	at	significant	points	in	energy	spectrum	
–  Define	empirical	analy6cal	func6on	which	allows	for	integra6on	over	energy	in	

closed	form	
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