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I. barrier height/leakage modulation 

CMO

e.g. two layer system: R.Meyer et al. Proc. NVMTS (2008)

H O

Ag

H O

Ag

IIa. barrier width/bridging due to radial ion motion 

Pt
Pt

H2O H2O

e.g. in CBRAM: X.Guo et al. APL 91 1 (2007)

chalcogenide electrolytes: M N Kozicki

IIb. barrier width/bridging due to vertical ion motion 

chalcogenide electrolytes: M.N.Kozicki
et al. J Non-Crys. Solids 352 567 (2006)

ca
le
)  1

h 

E=10,1,0.1 MV/cm

on
ce
nt
ra
tio

n 
(lo

g 
sc

0.2

0.4

0.6

0.8

B
ar

rie
r w

id
th

grossly simplified picture,  mix of all mechanisms in reality…  

D.Strukov et al. (preliminary data)

gap profile 

Co 10-8 10-6 10-4 10-2 10
0

time, s
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oother sources of nonlinearity?ther sources of nonlinearity?

R.Waser et al. Adv.Mat 21
2632 (2009)

 Buttler Volmer reactions

 Electrochemical  effects…

L=100 nm
30 nm
10 nm

107

104

3e/
 w

ri
te

A B
mobile 
interacting ions

ionic 
conductor

3 nm

0.1 0.2 0.3 0.5

103

101

10‐1
UB (eV)

 s
to
re

D.Strukov (unpublished)

J.Borghetti
et al.JAP 

(2009)
to appear

v

RCfit experimental 
data using 

1100 K 290K
140K
3K

15

10

5m
A
)

ON

INTERMEDIATE

RON

ON stateOFF state

equivalent 
circuit  

5

0

‐5

I (

‐1.0 ‐0.5 0.0 0.5 1.0
V (V)

ON
OFF

)

extract 
geometry 
from fitting  

dON
z

r
0

wON

wOFF

TiO2
(ρI,κI)

dC
metallic
channel
(ρ κ )

dOUT

L
ON OFF

600

500

400 T
em

pe
ra

tu
re

 (K
)

Domain fitted on data
Extrapolation

gh retention, even more for half select

electrode (ρE,κE)

(ρC,κC)

D.Strukov et al. MRS (2009)

SHORT
300Lo

ca
l

3020100
I (mA)



3D STACKING FOR CMOL CIRCUITS 3D STACKING FOR CMOL CIRCUITS 
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PROPOSAL FOR EVALUATION METRICPROPOSAL FOR EVALUATION METRIC
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 explore for more then drop-in replacement
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 help in focusing on the most important issues


