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Outline
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• Simulation	flow	in	synopsys Sentaurus

• Examples	of	process	simulation		
• Process	flow	simulation	using	ligament
• CMOS	Sensor	process	simulation		
• CMOS	device	editor	simulation

• Example	of	Device	simulation	
• CMOS	Sensor	simulation	
• Guard	ring	structure	optimization	



« Old-school »		process simulation
• Hard-coded pixel	geometry

when defining processing steps
• Possibility for	limited

parametrization

Process Flow	simulation
• Work with GDSII	files	provided

by	your favorite	vendor
• Abstract	description	of	the	

process

Simple	description	of	the	geometry and	
doping	using an	editor

• Define geometry (Shape,material)
• Define doping	profile	(parametric

description)

Device Simulation	Conditioning
• Reduce Complexity (symmetry,	

dead area	removal)
• Remesh for	Device simulation	

(reduce oxide/nitride mesh,	
increase bulk)

Device Simulation	
• Electric	Field,	Ramo Potential
• Capacitance	
• Transient Behavior
• Thermal/Mechanical Stress	

Simulation

Post-Processing
• Extract Profiles	(	E(x,y,z)	,	etc)
• Extract Values	(Breakdown,	

Depletion Potential )

TCAD	simulation	workflow	
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Process Flow	Simulation

Timepix	3x3	Pixel	Mask set	generated using pyGDS

Structure	Generated using process Flow	

• Process Flow	simulation	allows for	more	
automated studies of	different geometries
• Generate mask using your favorite	software	

(pyGDS,	Cadence,	etc)
• Use	GDSII	mask to	define geometry
• Use	abstract	and	parametric description		of	

the	process
• Implantation,	lithography,	deposits,	

annealing etc…

• Takes Advantage of	multiplication	of	available
CPU/RAM	in	the	HEP	Community
• Chose	a	set	of	geometrical/Process/Electrical

parameter to	scan	
• Launch simulation	in	parallel using LSF	

Infrastructure	(Synopsys Sentaurus @	CERN)

https://github.com/mathieubenoit/GDSII_Generator
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Process Flow	Simulation	
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Process	Simulation
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Process	Simulation	allow	to	define	the	bulk	properties	of	the	device	to	simulate	
• Doping	concentration
• Electrode	position	and	contact	surface	
• Oxide	surfaces	
• Traps	and	defect	concentration
• Well	defined	Mesh
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CMOS	Sensors	process	
flow	simulation	
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LFoundry	CMOS	process	
simulation
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LFoundry	CMOS	process	simulation
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LFoundry	CMOS	process	simulation
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LFoundry	CMOS	process	simulation
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LFoundry	CMOS	process	simulation
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LFoundry	CMOS	process	simulation
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LFoundry	CMOS	process	simulation
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AMS	CMOS	process	simulation
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Device	simulation
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CMOS	Pixel	sensors
HV-CMOS	process	can	be	used	for	
particle	detection
• Large-scale	production	capabilities
• Electronics	can	be	integrated	in	the	

pixels
• Bias	is	usually	applied	from	the	top	
• Typically	low-resistivity	substrate	

but	high-resistivity	is	possible	
This	pose	new	challenge	in	terms	of	
TCAD	simulation	
• More	complex	geometry
• Possibility	to	optimize	important	

parameters	such	a	capacitance	and	
signal	speed
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AMS	H18	sensors
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Guard	ring	structure	
simulation	
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Optimisation of	Guard	ring	structures
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Optimisation of	Guard	ring	structures
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Optimisation of	Guard	ring	structures
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Optimisation of	Guard	ring	structures
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Optimisation of	Guard	ring	structures
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AMS	H35DEMO	Sensors
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AMS	H35	HV/HR-CMOS	Pixel	sensors
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Back-side	versus	top	biasing

TS	bias,	Low	resistivity	(20	Ohm*cm) TS	Bias,	High	resistivity	(1k	Ohm*cm)

-120V -120V
3.3V
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Effect	of	Top	and	backside	biasing
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Conclusion
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• Synopsys	Sentaurus offer	a	complete	TCAD	suite	that	allow	for	:	
• Full	process	simulation	when	available
• Approximation	of	structure	using	device	editors	

• TCAD	Simulation	is	suitable	to	obtain	information	on	structure	before	sumbission
• Guard	ring	structure	optimisation
• Effect	of	radiation	damage	
• Response	to	particle	stimulus	
• Capacitance	extraction	
• Layout	optimisation

• Please	assist	to	the	hands-on	session	to	learn	about	:	
• Process	and	device	simulation	
• The	Sentaurus workbench	workflow
• Extracting	and	interpreting	results	of	TCAD	simulation	



Link	for	tutorial	

• GR	Simulation	example	
• https://gitlab.cern.ch/dhayakaw/TCAD_test_160620

• Simple	pixel	projects	
• https:

• AMS	Pixel	example	
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