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LABORATORY ACTIVITIES 

  Experimental data  

Technological & Nano-Characterization  

plateforms  

Materials Properties Devices Characteristics IC Performances 

ÍÍ 

ñPhysicsò & backgrounds 
Å Gate stack and RRAM(atomistic 

approach, DFT) 
Å Quantum transport (NEGF, Wigner)  

TCAD 
Å Process  

Å Devices 

SPICE for circuit design 
Å Compact Modeling 

Å Electrical characterization 

focused on parameters extraction  

ᴠ 

Atomistic simulation: Physical understanding , physical parameter supplyer  for TCAD 

and compact model 

TCAD model: Compact model approximation to get the most physical model 

Compact model integration in design flow, parameter extraction & model card  
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 QUICK MEMORY OVERVIEW 

Å Metal-Insulator-Metal 
(MIM) device 

Å BEOL compatible 

Flash (Intel) 

MEMORY 

Volatile Non-volatile 

Mature Prototypical Exploratory 

Flash 

Non-refreshable  

SRAM 

Refreshable 

DRAM 

Floating-body 
Nanomechanical FeRAM 

PCM 

MRAM 

STT-RAM 

RRAM 

OxRRAM 

CBRAM 

Polymer Molecular 

NOR 

NAND 

Production Development Research 

Å Low cost (2-3 layers, 2 terminal 

Ą 2-3 additional masks required) 

Å Fast access (<50ns switching 

time) 

Å Low voltage operation ( å2V)  

Å High Density: 10nm scalability 

demonstrated today 
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OUTLINE 
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FROM AB-INITIO TO COMPACT 

MODELING OF RESISTIVE MEMORIES 

I- Ge-S2 CBRAM 

 1- How it  works?  

 2- What brings atomistic simulation for modelling? 

 3- What brings TCAD simulation for compact model? 

 4- Compact model 

II- Oxide Metal CBRAM 

 1- New phenomena to take into account 

 2- Adapted compact model 

III- OxRRAM 

 1- How it works? 

 2- What brings atomistic simulation for modelling? 

 3- What brings TCAD simulation for compact model? 

 4- Compact model 

IV- Conclusion 
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 1- How it works? 

[1] R. Waser, et. al., part 1-3. Advanced Materials, pages 2632ς2663, 2009. 
[2] S. Menzel et. al., J.A.P 2012 
[3] M.F. Mott  and R.W. Gurney, Electronic Processes in Ionic Crystals Dover : U.K (1948) 
 

(i) Oxidation of the top electrode: 

 

 

 

 

 

 

 

(ii) Migration of the Ag+ cations through the solid 

electrolyte 

 

 

 

 

 

 

(iii) Reduction and electrocrystallization of Ag on the 

surface of the inert electrode, then on the filament : 

ὃὫO ὃὫ Ὡ  

ὃὫ Ὡ ᴼὃὫ 

SET operation [1] 

RESET(V<0) = filament dissolution       

SET (V>0) = filament contact with 

top electrode 
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I- Ge-S2 CBRAM 

(i) and (iii): Butler-Volmer equation [2] 
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Ὦπ is the exchange current density,  Ὡ elementary charge, Ὧ  Boltzmann constant, Ὕ 

temperature, ▒ exchange current density[2], ‌ exchange term[2], – = ὠ ʂ, ʂ is 

the Nerst potential 
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Mott Gurney equation [3] 

z is the number of electrons, c the concentration of mobile ions, a the jump 

distance of the ions, ɜ the frequency, Ea the activation energy between two 

nearby possible positions for Ag+ and E the electrical field 

Physics of RRAM is still in debate but most 

of researchers agree on : 
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Support the assumption of 

a quasi metallic filament 

Electrical Resistivity of Ag2+xS [5] 
Á x Ғ 2% : Metal/semiconductor transition  
Á x җ 5% : Metallic character reinforced via 
Ag atoms clustering 

Supply physical values 

[4] Z. Xu et al., ACS Nano 2010 
[5] T. Z. Todorova et al., SSE 2013 

Understanding  of physical phenomenon 

 2- What brings atomistic simulation for modelling? 
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Ionic conductivity of 

Ag
+ in the electrolyte 

(ii) Migration of the Ag
+ 

cations through the solid 

electrolyte 

(i) Oxidation of the top 

electrode and (iii) 

reduction 

Ea of redox phenomena in 

Ag2S or GeS2  

[4] 

I- Ge-S2 CBRAM 

Silver electrode 

dissolves in the 

electrolyte ->Ag2S 

grows rich in silver 

And create a new 

phase Ag2+xS 

Ag2S clusters 

under acanthite 

shape  

when x becomes 

superior at 5%, the 

quasi filament 

becomes 

conducting. 
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 3- What brings TCAD simulation for compact model ? 
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Boundary conditions 

Poisson equation 

ů, Ů  and D represent respectively the permittivity, the 

conductivity and the coefficient of diffusion of Ag+ 

ὲȢὩὈ​ὃὫ „​ὠ ╙  έὲ "

ὲȢὩὈ​ὃὫ „​ὠ
╢

╢►▄▀
╙  έὲ ὄς

ὲȢὩὈ​ὃὫ „​ὠ π έὲ "

 

Ὡ
‬ὃὫ

‬ὸ
ὨὭὺὩὈ​ὃὫ „​ὠ █╫▀

 

 

Boundary conditions 

Charge conservation 

f models the absorption on the surface of the filament 

and 1bd is an interface filament electrolyte function 

[6] S. Osher et al., Journal of Computational Physics 1988 
 

Level set method [6] to follow the growth of the filament 

 

 
The interface between two domains is a level set 

of a function • 

ὺᴆȢ​• π (advection equation) 

where ὺᴆ: filament growth velocity defined as ὺᴆ ὺ   

where ὺ defined by electrocrystallization model 
Faradayôs law 

Local deposited volume Ὠ… and local deposition current Ὥ 
linked by Faradayôs law: 

 

ὺ     with …  the atomic silver volume 

     Ions transfer limited reaction  

 
Ὠ…
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…
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I- Ge-S2 CBRAM 
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 3- What brings TCAD simulation for compact model? 

The model takes also into account [8] 
Á Nucleation: initialization of the filament [9] 

Á Ag-rich clusters  

[7-8] P. Dorion et al., SISPAD 2013 & 2014 
[9] A. Milchev,  Kluwer Academic Publishers, 2002 
 

Results for the SET operation [7] 

Ą Calibrated TCAD model: simulation reproduce experimetal data 

Ą Predictive model: allows varying the geometry of the device 

Ą Link to the compact model: as regards the compact model, the scale of simulation allows to 

neglect the transit time of the first ions in the electrolyte and thus to assume that IBV=IAg+ 

I- Ge-S2 CBRAM 
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 4- Compact model: generalities 

CBRAM 

MOSFET 

Vreset 

Vset 

Vread 

Schematic view of a CBRAM with the transistor 
and the different programming pulses 
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- Implemented using Verilog-A 

langage 

 

- Simulations are made with 

ELDO simulator 

 

- Only transient part is 

important for circuit design 

 

- MOSFET to program the cell 

 

- Adapted to Ge-S2 doped with 

antimony CBRAM  

 

 

I- Ge-S2 CBRAM 
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 4- Compact model: current derivation [10] 
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[10] M. Reyboz et al., IMW 2014 
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I- Ge-S2 CBRAM 
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