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Introduction why rRrRAM

Fast, lost data when power is off

RAM

compute

5 \.t
transport

ROM FLASH ]—[EEPROM]—[ EPROM ] -}
olo .W

storage

Memories

/1

Non-volatile

Slow, keep data when power is off




Introduction

Non-Volatile

Cell size (F?) >50 5-10 5 5-10 15-40 5-15

Read time (ns) 1-100 25 50 10-50 10-20 20-50

Write time (ns) 1-100 15 0.1-1Ims 10-50 10-20 20-50

Endurance 1016 1016 10° >1012 >1014 >10%2

Write power Low Low Very Low High Medium
High

Other power Leakage Refresh No No No No

consumption Current power

/\\ Cost Medium Low Very Low High Low

Low

RRAM have low power consumption, simple MIM structure, high speed, high cell density,
superior endurance, and long retention. -




Introduction what is RRAM

Device structure - metal-insulator-metal (MIM)

o ______ Bxamples

electrode

Transition Top electrode Pt, TiN/Ti, Cu, Ag, Ni ...
Metal Oxide Transition Metal Oxide Tio,, SiO,, NiO,, HfO,, WO,
TaO,, VO,, CuO, , Zn0O ...
Bottom Electrode TiN, TaN, W, Pt, Au, ...

Voltage source

Nb |
Zn0
Pt

Si (substrate)

Y. C. Yang et al. Nano Lett, 9, 1636 (2009) X. Zhu et al. Adv. Mater, 24, 3941 (2012)




Introduction Properties of ZnO

O QL Fundamental properties of ZnO
(o1i0) Structure Wurzite
> Energy bang gap 3.37 eV
s Exciton binding energy 60 meV
J. Ph;zl.o-)Condes. Matter 16, Melting point 1975°C
R829-R858 (2004) Density 5.67 g/cm3
Space group P6,mc
Lattice constant a=3.253 A, c=5.207 A
Growth directions <2110 > <0110 > <0001>

Non-centrosymmetry

Materials today 7, 26-33 (2004)




Dynamic Evolution of
Conducting Nanofilament In
Resistive Switching Memories

Nano Lett., 2013, 13, 3671-3677




About In Situ Technology
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ttp://www.photophoto.cn/pic/30831694.html
https://zhuanlan.zhihu.com/p/39188232




Experimental Method

Pt
RRAM materials

—

FIB cutting

Pt




Results
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A series of in-situ TEM images and its
corresponding I-V measurements.
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/\\ In-situ TEM images of the RESET process using the unipolar
resistive switching method and their structural analysis
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The TEM EDX analysis of chemical compositions.
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Summary

* We have successfully observed the resistive switching
behavior in in-situ TEM and demonstrated that the
switching behavior is related to the formation and rupture of &
conductive filaments.

» Various characteristics of nanofilament have been identify
though electrical (temperature-resistance curve), structural
(HRTEM), and compositions (EDX, EELS)analysis.

* The switching experiments confirmed that the SET/RESET
behavior is induced by the migration of oxygen ions,
leading to the conversion between Zn and ZnO.




Applications of p-n homojunction -
ZnO nanowires to one-diode one-
memristor RRAM arrays
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Scr. Mater. 2020, 187, 439-444




Sneak Path Problem
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Experimental Method

Two Step Synthesis: L/%/ | /
Step 1: 5mM zinc acetate and 5 | '/ & e
mM hexamethylenetetramine substrate K
(HMTA). And then it was maintained

at 92 C for 12 hr.

~P

Step 2: 5 mM zinc acetate, 5 mM P:OSP:orous‘
HMTA, and 0.1 mM P,O.. And then
it was maintained at 90 'C for 12 hr.  undoped
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The |-V characteristic and the illustration of crossbar arrays.
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The morphology and HRTEM images of p-n nanowires.
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The composition analysis and rectification property of p-n ZnO nanowires. (a) The STEM
image and EDS (b) I-V curve (c) The PL spectrum (d) The XRD spectrum of p-n ZnO
nanowires.




Au deposition AN ™ A .

P-n ZnO NWs
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SEM image of 1D1R device and its endurance and retention
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The schematic of resistive switching and energy band diagram of Au/p-n ZnO NWs/Ta,0./Au.




Summary

* The homogeneous p-n junctions ZnO NWs have been
systematically analyzed that the PL and |-V
measurement exhibited obvious dopant and diode
properties.

* The p-n ZnO NWs not only had excellent rectifying
characteristics but also stabilize the resistance switching,
because the nanowire structure aimed to supply/storage
the oxygen ions source increasing the switching stability.

 The unipolar Au/p-n ZnO NWs/Ta,O-/Au RRAM behaved
good resistive switching properties with its low leakage
current in reverse bias, demonstrating the feasibllity to
/\\ apply in high density memory array architectures.
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