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Figure 1 (Color online) SEM images for the Pt seed layer (a) and the as-deposited NiO film (b). (c) Cross-sectional HRTEM image and (d) XRD
spectrum for the NiO sample deposited on Pt-coated MgO(001) substrate. XRD spectra for bare MgO(001) substrates coated with/without Pt seed layer

are also shown in Figure 1(d) for reference.
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Figure 2 (Color online) X-ray ¢-scan spectra of NiO sample taken at
(a) MgO{111}, (b) Pt {111} and (c) NiO{200} reflections, respectively.
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Figure 3 (Color online) Consecutive I-V cycles for (a) 50, (b) 100 and (c) 150 nm-thick NiO(111) films measured at room temperature (RT),

respectively.
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Figure 4 (Color online) 50 consecutive -V cycles for Ag/NiO(111)/Pt memory cell measured at different temperatures: (a) RT, (b) 40, (c) 60, (d) 80

and (e) 100°C, respectively.

PERELE I T B A AR A2 0E i 2ok,

BTk, AT LA T = R A80°CIll IR T,
et R R E e s R e . WK 6(a)
Frw, IR = R T = %280°C, LRSHIFAR, JL
FAAS, {HHRSHL AR, EI/N, IS B /76 5T
B LRI R LU R/ R M5 P8 22510, ERSRR /R, Pt il
AL BE BT A BT BERARR, (R SR 2 i FEL TSGR 1
BN ER (Ry/R>5). 55— 5T, A IR
ThE, T4 500 BAL HLE (Vo) N IR 11~0.25 ViZ i
HRFN~0.5V, MENHEEV e F S5 2 M, MNER

-1 VIRZNEIZ9-0.5 V, W6 TR, 48 LTk,
VHEEHRS FELBELR B I 500 T v 2 2 PRI, RIS Vg,
H AR KT Vs R EIAR N, A7 557G FEBH I DG RURE
I 5 1 U FEE AR 2 A A R B P BEL I S L A A 1 T
WOR B AL 3 A 22 S TE L.

T Ag/NiO(111)/Pt{7fif 5 JTCHRS I HL I 2 A W
S PR PEARAE, R b I SR FRAT E AR A A BT
76 = IR 3 80°C Ml X Vi [H] Py HR SH 1) H 37t - L I il 2R it
DRIRRE AR A, W 7() TR, Bl DRI i,
FA TR IR (i R, HR SV FRLDZ T K. EAERT

047302-5



Bl sE, hEEE YR Y RO

2019 F HF49% FH 4

1021 10§ 10-2f
r r r
< qo4f 104K 104F
=
Q 3
g 10 6
-6 I oK -6
10 10 Heating &
F (a) RT@ 1stday f(b) RT@ 10th day f (c) RT@10th day] cooling
8 L L I L L 108 L 1 L L 1 8 L L L 1
10 -1.0 -05 0.0 0.5 1.0 -1.0 -05 0.0 0.5 1.0 10 -1.0 -05 0.0 0.5 1.0
Voltage (V) Voltage (V) Voltage (V)

Bl 5 (M2 IE)Ag/NIO(111)/PH i B TIE SR T 23 BIIE 1 R () FI10R(b), LK (c) U E 10K 5 A E i T+ £ 100°C X H
SRV K 2 SR 5 RSB FR R 50 A BT LU PR %

Figure 5 (Color online) 50 consecutive /-V cycles for the Ag/NiO(111)/Pt memory cell measured at RT on (a) the first day, (b) the 10th day and (c)
after heating from RT to 100°C, then naturally cooling to RT on the 10th day.
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Figure 6 (Color online) (a) Cumulative distribution of Ry (R ) and (b) varies of Vg, (Vges) With switching cycles for Ag/NiO(111)/Pt memory cells

measured at RT and 80°C, respectively.
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Figure 7 (Color online) (a) HRS-state /-V curves for Ag/NiO(111)/Pt memory cells measured in the temperature range from RT to 80°C. (b)
Corresponding Arrhenius form (In / vs. 1000/7) plots and (c¢) Schottky tunneling (In(//T%) vs. 1000/T) plots in the bias voltage range from 0.5 to 0.9 V.
Inset in (b) shows corresponding electron activation energies (E,) extracted from the Arrhenius formula.
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Figure 8 (Color online) Schematic illustration for formation/rupture of conductive filaments in Ag/NiO(111)/Pt memory cell: (a) when applying a
positive electric field oxygen ions drift toward Ag electrodes, and generate oxygen vacancies in NiO(111) films. (b) Ag ions react with oxygen ions to
form AgO,. This reaction continuously stores oxygen ions in AgO, layer, and makes the oxygen-vacancy filaments in NiO film bridge upper and lower
electrodes, and finally switch the cell from the OFF-state to the ON-state. (c) When applying a negative electric field, oxygen ions diffuse from AgO,
into the NiO(111) film, and recombine with oxygen vacancies near upper electrodes. This Reset process results in the rupture of oxygen-vacancy

filaments, and makes the cell return to the OFF-state.
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Temperature-dependence of resistive switching behaviors and
tunneling mechanism of (111) epitaxial NiO films
on metal seed layer

WEI MinglLong, JIANG Xue, WANG YingYue, LAI RuilLian,
WANG JianBo & QIU XiaoYan

School of Physical Science and Technology, Southwest University, Chongqing 400715, China

Since 2000, resistive switching random access memory (ReRAM) based on binary metal oxide has become one of
potential candidates for next generation of nonvolatile memory due to its simple structure, high writing/read speed
(~5 ns), good endurance (~109 cycles), long retention time (~10 years) and low energy consumption (~ dozens of pJ).
NiO has been extensively studied as one of promising materials applied for commercial ReRAMs. However, it exhibits
diverse resistive switching (RS) behaviors that heavily dependent on fabrication technologies, methods and conditions.
Up to now, RS performances and mechanisms of polycrystalline NiO films have been extensively investigated, while
there are few discussions on RS performances of epitaxial NiO films, especially on metal seed layer. On the other hand,
with the expanding scope of human activities, researches on stabilities of ReRAM devices under extreme environmental
conditions are necessary. In this paper, temperature-dependence of RS behaviors and tunneling mechanism of epitaxial
NiO(111) films on Pt seed layers have been discussed. A set of highly textured NiO(111) films on Pt seed layers were
prepared by means of Radio Frequency magnetron sputtering. Their microstructural characteristics and temperature-
dependence of RS performance were investigated. Microstructural investigation demonstrated the “cube-to-cube” lattice
relationship of NiO(111)/Pt(001) interfaces. Under the applied electric field, the drift of oxygen ions in NiO film and the
redox of Ag ions near upper electrodes result in the formation/rupture of oxygen-vacancy conductive filaments at a set/
reset voltage lower than 1 V. Moreover, current-voltage (/-V) curves of Ag/NiO(111)/Pt memory cells exhibit stable
bipolar switching behaviors in the temperature range from RT to 80°C. Moreover, their Arrhenius form (In/ vs. 1000/7)
and Schottky tunneling (In(Z/ T ) vs. 1000/7) plots are the best linear fitting relationship. It reveals that the leakage current
of Ag/NiO(111)/Pt memory cell on high resistance state can be explained by the Schottky tunneling mechanism.

(111) epitaxial NiO film, temperature dependence, resistive switching characteristics, tunneling mechanism
PACS: 73.40.Rw, 77.84.Bw, 73.61.Ey
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