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Backgrounds —why resistive switching?-

Resistive switching memory effects ReRAM, Memristor

Underlying issues

Nature Materials (2007) Unknown phvsical

mechanisms at nanoscale

Local filaments

What is happening at nanoscale?

~—

Single Oxide Nanowire Device

\ Nano-scale Mechanism

l v\z-lOnm Nano-Device Applications

We want to extract the internal RS events!!
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Heterostructured
Oxide Nanowires

Single oxide nanowire device
Extraction of resistive switching
properties

1D Oxide Nanowire
Vapor-Liquid-Solid (VLS) growth




How can we fabricate nanowires"
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Vapor-Liquid-Solid (VLS) growth a Nanowires
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Well-defined Single Crystalline

Heterostructured Oxide Nanowires

VLS Growth ~ 3y ¥ ~O0nm
- In-Situ Hetero- ENLRd S P S ol
nanowire Formation i el

Appl. Phys
Appl. Phys
Appl. Phys
Appl. Phys
Phys. Rev.
Phys. Rev.

J. Am. Chem. Soc. 130, 5378 (2008)

Appl. Phys. Lett. 92, 173119(2008)

Appl. Phys. Lett., 95, 133110 (2009)

J. Am. Chem. Soc. 131, 3434 (2009) & _
- Lett. 90, 233103 (2007) J. Am. Chem. Soc., 132, 6634 (2010) lHR
. Lett. 91, 061502 (2007) J. Am. Chem. Soc., 133, 12482 (2011) |
. Lett. 93, 153103 (2008) Nano Lett., 10, 1359 (2010) | =

. Lett. 97, 016101 (2010) Nano Lett., 11, 2114 (2011)
E, 82, 011605 (2010)

E, 83, 061606 (2011)

We can fabricate diverse “Functional” oxide
nanowires by using this method!!

HR-STEM




“Single Nanowire” Device

SEM image

Current
urren T Electron Beam

Measurement Lithography

Voltage

P —

Source =
Substrate : Si0y/Si

Cross-sectional area of single
nanowire devices

< ~10%(nm?)

shell : ~5Snm

Used Nanowires pP-type

NiO heterostructured nanowires | "-type — oxygen vacancies

. -type — ? ? (cation? oxygen?
Co0O, heterostructured nanowires P ( ygen?)




= Can we observe the resistive switching in a single

oxide nanowire device <10nm?
(Stability? Multistate? at ultra small nanoscale)

= Whatis the conduction nature of resistive

switching in p-type oxides?




Resistive Switching in Single Nanowire Device

/
L0 E Q o Lett., 10, 1359 (2010)
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1. Resistive Switching effects < 10nm scale

2. 100pA-1pA current range operation




Stable Memory Operation —Endurance —

in Single Nanowire Device
108
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Nano Lett., 10,
1359 (2010)
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The endurance, at least up to 103, at

Top record at this scale, Nano-ReRAM is promising!



Stable “Multistate” Memory Operation

in Single Nanowire Device

1012 - Nano Lett., 10, 1359 (2010)
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The multistate operation is feasible at 10nm.




Nanowire Cross-Point Devices

|-V characteristics of cross-point device

Voltage (V)

| Current (A) |

|-V characteristics of nhanowire device
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Cross-Point nanowire 1-2V 0.3-0.6 X10°V/cm ~107W
device

15-40V 0.6-1.6 X105V /cm ~10-8-10-5W
Reported Thin film device 0.3-1.6X10V/cm | ~102-10°W




‘X{ Nano Lett., 11, 2114 (2011).
hel‘ € s active switching location?

Detection of local resistance change
* N

l,...,=8X10°A

comp

A-C OON OOFF
A-B OON OOFF
B-C OON OOFF

ON state OFF state ON/OFF

measured area resistance (Q2)  resistance (Q2) ratio

A(anode)-C(cathode) 2.06 x 10" 3.02 x 10" 14.7
A-B(anode side) 474 x 10° 1.06x 10"° 22
B-C(cathode side) 1.20 x 10"° 2.05 x 10" 17.1 V0|tage (V)

Resistive switching occurs near “Cathode” in the
case of p-type oxides (Ni1O and CoOx)!!




Where is the switching location?

J. Am. Chem. Soc., 133, 12482(2011)
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Resistive switching occurs near “Cathode” in the
case of p-type oxides (NiO )!!
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What is the nature of conduction?

I-I plot
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— Electric field induced memory effect

Nano Lett., 11, 2114 (2011).




What is the nature of conduction?

Data retention in various atmospheres

ON: Oxidization OFF: Reduction??
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. . Nano Lett., 11, 2114 (2011).
Previous: Redox? (Lack of crucial data)

Resistance change by redox




What is the carrier type ?

After SET process,

Igs<10-13A

Vsp (V)
Nano Lett., 11, 2114 (2011).
FET measurements demonstrated

p-type channel in NiO and CoOx!




Mechanisms in p-type oxides

Mechanism of memristive switching
Highlighted in Nature asia-pacific (13June 2011)

@ nature asia-pacific

Highlighting the best research from the Asia-Pacific

NPG Asia Materials featured highlight | doi:10.1038/asiamat.2011.89

June
Resistive mem Total exposure

Resistive memory built with exposed, planar nanowires provides insights into resistive
switching.

The current standard for non-volatile or ‘flash’
memory involves relatively complex structures. Much
simpler is resistive memory, which consists of a single
continuous strip of material between metal
electrodes. The resistance across this material is
forced low or high by applying 'set’ or 'reset’

RiCh Oxygen voltages.

Resistive memory is known to rely on the formation
and destruction of nanoscale, filamentary conductive
pathways between the electrodes. However, the
exact nature of these pathways is not completely 2011 ACS
. . understood, particularly for materials in which positive charge carriers are responsible for conduction,
_SWItChlng near Catho de known as ‘p-type’ materials. Takeshi Yanagida, Tomoji Kawai and colleagues at Osaka University in
Japan and Konkuk University in Korea have now revealed key details of resistive switching in p-type

devices®.

-OFF: Reduction ON: Oxidization

Intrinsic nature of memristor was found.
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1. Fabrication of well-defined single

crystalline oxide nanowires via
VLS growth.

=

10nm

Single Crystalline
Oxide Nanowire

Creation of heterostructured oxide

nanowires via novel in-situ T‘T T
technique.

3. Demonstration of nanoscale RS
effects using oxide nanowire, and ..
Extraction of RS nanoscale —

mechanisms for p-type oxides.
Single Oxide Nanowire Device!




