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A Low cost (2-3 layers, 2 terminal
A 2-3 additional masks required)
A Fast access (<50ns switching

time)
A Low voltage
A High Density: 10nm scalability
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FROM AB-INITIO TO COMPACT

MODELING OF RESISTIVE MEMORIES

OUTLINE

- Ge'S, CBRAM

3-
4- Compact model
|I- Oxide Metal CBRAM

[[l- OXRRAM
1- How it works?
?2-
3-
4- Compact model
V- Conclusion
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- Ge'S, CBRAM

Physics of RRAM is still in debate but most
of researchers agree on : SET operation [1]

V>0
1 (i) Oxidation of the top electrode: 6 '@ 06™Q Q

Top Metal Line
(i) and (iii): Butler-VoImer equation [2] )

SI0 « e
e : | Q
GeS: TQis the exchange current density, ‘Qelementary charge, 'Q Boltzmann constant, "Y
L temperature, . exchange current densityl?: | exchange termi? —= & s,s is
the Nerst potential
SiN . J
W
ao, B e, oo oo (i) Migration of the Ag, cations through the solid
2 Bo tal Li
' mf ne electrolyte = : DY
— Mott Gurney equation [3]
O
o) ca MGD = 9 OE (—%
SET (V>O) - fllament ContaCt Wlth z is the number of electrons, c the concentration of mobile ions, a the jump
distance of the ions, 3 the frequency, Ea the activation energy between two
top eleCtrOde k nearby possible positions for A,, and E the electrical field )

_ _ _ (ilf) Reduction and electrocrystallization of Ag on the
[ RESET(V<0) = filament dissolution ] surface of the inert electrode, then on the filament :

6Q Q0 8Q

[1] R Waser.et. al., part 1-3. AdvancedVaterials pages2632;2663 2009
[2] S Menzelet. al., JA.P2012
[3] M.E Mott andRW. GurneyElectronicProcesses lonicCrystaldDover: UK (1948 MOS-AK Workshop | Reyboz Marina| 03-12-2015 |5




- Ge'S, CBRAM

Understanding of physical phenomenon

a Initial b Initialto ON c ON
Acanthite Acanthite - Argentite
-
Ag w Ag Ag
V+
Ag2S clusters Silver electrode when x becomes
under acanthite dissolves in the superior at 5%, the
shape electrolyte ->Ag2S guasi filament
grows rich in silver becomes
And create a new conducting.
phase Ag,,,S
Acanthite . Argentite Ag . w
4
& —> Phase transition and chemical reaction 4]

« » movement of ions

Electrical Resistivity ofAg,..S [5]

© AxF 2%: Metal/semiconductortransition

Ax x5%: Metallic characterreinforcedvia o
Agatomsclustering 'J,Egmg',,,gg A

Support the assumption of s ks
a quasi metallic filament

WS AN

Supply physical values

@) Oxidation of the top\
electrode and (i)

reduction ‘

E_ of redox phenomenain
\Ag,S or GeS, -

@i) Migration of the Ag+\
cations through the solid
electrolyte ‘

lonic conductivity of

[4] Z. Xuetal., ACS Nano 2010
[5] T. ZTodoroveet al., SSE 2013

\Ag+ In the electrolyte )
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- Ge'S, CBRAM

Active electrode (Ag)
/Electrol}_”[e (GeSy)
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Oxide (SiN Bs B, B .
Inert elecirode) (W) Y Boundary conditions g&{Q 00°Q " 00) >--I'L € SOC
£gQ0o0Q , w mé e
/ Poisson equation \ f models the absorption on the surface of the filament

Q6 QW@ T K and 1., is an interface filament electrolyte function /

Boundary conditions ® © ¢ & evel set method [6] to follow the growth of the filament
€8 w TE &0 The interface between two domains is a level set

&, U and D represent respectively the permittivity, the of a function

\ conductivity and the coefficient of diffusion of A,

— w8 ¢ T1(advection equation)

f Far adlaw 0 s \ where &t filamen.tgrowth velocity defin.ed ?‘S & U T
Local deposited volume ‘Q . and local deposition current ‘Q where 0 defined by electrocrystallization model
|l inked bylavrar adayos \

Q.. .. [

Do "o o CrE QYO

0 |—|— with ... the atomic silver volume
_— . Q . dy
\Ions transfer limited reaction oy ( W QOo# )8* dt X v,
as

[6] S Osheret al., Journalof ComputationaPhysicsl 988 MOS-AK Workshop | Reyboz Marina| 03-12-2015 | 7




- Ge'S, CBRAM

Results for the SET operation [7] The model takes also into account [8]

[Ag*] time evolution A Nucleation: initialization of the filament [9]
A Ag-rich clusigEs§
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A Calibrated TCAD model: simulationreproduceexperimetaldata
A Predictive model: allowsvaryingthe geometryof the device

A Link to the compact model: as regardshe compact model, thecaleof simulation allows o

\neglect the transit time of the first ions in the electrolyte and thusissumethat lg\=lag, -/

[7-8] P Dorionet al., SISPAR013& 2014
[9] A. Milchey KluwerAcademidPublishers2002 MOS-AK Workshop | Reyboz Marina| 03-12-2015 |8




- Ge'S, CBRAM

(Implemented using Verilog\A

langage

- Simulations are made with
ELDO simulator

- Only transient part is
iImportant for circuit design

- MOSFET to program the cell

- Adapted to Ge-S,doped with

Schematioview of a CBRAMvith the transistor
and thedifferent programmingpulses

S R
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\antimony CBRAM / . .
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[10] M. Reybozt al., IMW 2014
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