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Research Domain  :

	Chemistry for nanos
	 FORMCHECKBOX 

	Molecular electronics
	 FORMCHECKBOX 

	Process Technologies
	 FORMCHECKBOX 


	Imaging devices & Systems
	 FORMCHECKBOX 

	Nanocharacterization
	 FORMCHECKBOX 

	RF Devices & Systems
	 FORMCHECKBOX 


	Materials
	 FORMCHECKBOX 

	Nanoelectronics
	 FORMCHECKBOX 

	Spintronics
	 FORMCHECKBOX 


	Memory technologies
	 FORMCHECKBOX 

	Nanos for Energy
	 FORMCHECKBOX 

	Autres
	 FORMCHECKBOX 


	MEMS and sensors
	 FORMCHECKBOX 

	Nanoscale simulation
	 FORMCHECKBOX 

	

	Microtechnologies for bio
	 FORMCHECKBOX 

	Photonics
	 FORMCHECKBOX 

	


	Initial training
	Duration
	Possible PhD

	                   MASTER 2
	6 Months
	yes


Title: TCAD simulation of CBRAM (Conductive Bridge Memory) to improve a compact model 
Internship framework:
The non-volatile memories are essential in our daily lives through consumer products (phones, MP3 players, cameras and digital cameras, ..). These products and markets could be developed thanks to progress made in recent years in the flash memory in terms of miniaturization for increased performances and reduced costs. The downscaling of flash memory appears to reach its limits with the appearance of phenomena involving the reliability and robustness of the memory (conflict between retention time and programming voltage, instability and dispersion of threshold voltages). As a result, research is conducted on new types of memory in particular on resistive CBRAMs (Conductive Bridging Random Access Memory). These memories have a written state at low resistivity and an erased state at high resistivity. The low resistivity is achieved by the formation of a metal channel of nanometric dimensions, created between two electrodes through a layer of insulation type GeS, GeSe. The metal channel is derived from the dissolution of a metal electrode which is carefully selected (Ag, Cu) to diffuse through the chosen insulation. This electric field-assisted dissolution solid phase is part of the emerging field of nano-ionic.
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	Fig.1 – Schematic of a CBRAM in the ON state: a conductive filament composed of metallic atomes is created between two electrodes [R. Waser, Nature 2007]. 
	Fig.2 –CBRAM cells stacked in a matrix behind CMOS transistors. 

[ Adesto Technology, http://www.adestotech.com/technology]


Department of Silicon Components (DCOS) of LETI of CEA-Grenoble, in MINATEC-campus is strongly implicated in the development of advanced memory devices with alternatives architectures, in collaboration with leader manufacturers in integrated circuits (http://www.minatec.com/minatec/minatec-campus-innovation-en-micro-nanotechnologies). 
The proposed internship will take place in the Laboratory of Simulation and Modeling (LSM), which brings together expertise in simulation at different levels: ab initio, quantum transport in nanodevices, process and devices simulation with continuum approach using TCAD tools and circuit simulations. Thus, the candidate will have to collaborate with the whole CBRAM team including people from the Laboratory of Advanced Memories Technologies (LTMA), LSM and Laboratory of Electrical Characterization and Tests (LCTE). He will be integrated into a multidisciplinary R&D team working in the frame of an industrial partnership.
Work description:
The main idea of ​​the subject is to obtain a realistic modeling with multi-physical approach of CBRAMs, in alignment with the effort of technological realization and characterization currently underway at CEA / LETI. TCAD simulation will validate the assumptions used in the compact model in particular to define whether one of two mechanisms involved in the operation (oxido-reduction and ion diffusion phenomenon) of a memory CBRAM is dominant.
The work of the course involves several steps:

- Participation in the development of a tool with COMSOL (http://www.comsol.com/) capable of simulating the dissolution of the electrode in a solid electrolyte, the diffusion of metal ions (from the dissolution) in the electrolyte and the formation of a conductive filament. This tool will be based on a continuous description of physics. The partial differential equations to be introduced into COMSOL will be chosen from a brainstorming with the CBRAM project team especially with the electrical characterization team and ab initio simulation team. For example, the macroscopic diffusion coefficient of metal ions can be derived from experimental results and ab initio simulations.

- Regarding the simulation of the filamentary growth within the solid electrolyte, the possibility of using the phase field method or the level set method will be studied. These methods have been used by other teams within the simulation of CBRAMs.

- In the last part of the work, the intern will use the compact model developed in LSM (simplified physical model to be compatible with circuit simulation time "reasonable") to be inserted into a standard design flow. Simulation work with COMSOL may allow to adjust some coefficients of the compact model and to validate certain assumptions.

The candidate should have some knowledge of scientific computing. Knowledge of heat in solid state physics and microelectronics would be desirable. Prior knowledge of COMSOL would be nice. He should be comfortable in an applied research environment.
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