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Defect-induced Analogue Resistive Switching Behavior in FeO,-based
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Abstract: A memristor with analogue resistive switching (RS) memory behaviors could provide enough conductance
states for high-efficiency neuromorphic computing because this type RS memory feature can avoid conductance
clamping, steeply change, and computing invalidation. Simulating the behavior of biological synapses under stimulus
pulse can better reveal the bionic characteristic mechanism of electronic devices and provide support for high
performance neuromorphic computation. Synaptic paired-pulse facilitation (PPF) is an important characteristic of

biological synapses, reflecting the facilitation and adaptation process under external stimuli, which is crucial to reveal
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the working mechanism of neurons. A memristor with the structure of the Ag/FeO/ITO was prepared by RF
magnetron sputtering, which was designed by energy band engineering for the PPF demonstration. Experimental
measurement of the electric properties illustrates that the developed memristor displays an excellent asymptotic
nonlinear resistance switching behaviors, which is so called analogue RS memory behavior. Importantly, this
developed memristor presents this analogue RS memory behavior during 3000 /-7 sweepings, provides dissociable 16
conductance states that could be well maintained for 10*s, illustrating that these available conductance states are
nonvolatile. Based on the energy band structure and oxygen vacancy (Vo) defects, a physical mechanism, which
involved trap sites softly filled by the injection electron, electron tunneling between the potential barrier built by the
contact of Ag/FeO, and FeO,/ITO, and the Vo migration that accompanied a volatile feature to some extent, is
proposed to comprehend the observed analogue RS memory behaviors. According to this mechanism, a typical PPF

feature is obtained after modulating the voltage pulse width and amplitude. The observed analogue RS memory

38 %

behaviors and PPF behaviors show a promising potential and advantage in neuromorphic computing.

K ey wor ds. memristor; iron oxide; defect state; synaptic double pulse facilitation
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Structure and characterization of Ag/FeO,/ITO memristors

(a) Schematic diagram of structure of Ag/FeO,/ITO memristors and corresponding SEM section; (b) XRD patterns of FeO, resistance
functional layer; (c) XPS spectra of the core-level of the Fe2p; (d) XPS spectra of the core-level of the Ols
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Fig. 2 Results of memristor characteristics of Ag/FeO,/ITO memristors
FeO, memristors with different thicknesses of functional layerobtained by changing FeO, growth parameters; (a) Memristor characteristic
curves of Ag/FeO,/ITO memristor grown at 100 W/1 h and 80 W/35 min; (b) I-V curve of Ag/FeO,/ITO memristor grown at 100 W/2 h;
(c, d) Analog resistance characteristic curve phenomena of memristor in the negative voltage region (c) and positive voltage region (d);
(e) I-V curves of 100 different devices under the same conditions; (f) Regulation of voltage sweep rate on analog resistive characteristics;
(g) Regulation of analog resistance characteristics by different sweep voltage amplitudes;

(h) Current-to-time (/-¢) curves of the device in different conductive states at the read voltage of 0.2 V; Colorful figures are available on website
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Fig. 3 Multiconductivity testing and biological synaptic simulation
(a) Multi-current levels after operating the Ag/FeO,/ITO memristor to different conductance states under a reading
voltage of 0.2 V with precision exceeding 4 bits for the FeO,-based memristor; (b) PPF pulse test schematic;
(c) PPF pulse test results; (d) PPF versus interval of Ag/FeO,/ITO memristor

N T B FEAZ AR AR N0 2R 5 fl (P AL, AT A R
1 22 5 fis v 1R XUk 0 2 A6 (PPR) X i A B 28 3647 T
MR, MR T VEW B 3(b)FTan . o A 4 45 it i w5
ANFH Ik, AT RAAS 305 A Bkl FIREL (A1, 42)o
3 o AR T A ik e ) ) o B T, T DAAS ) 5 A A R
Sxof o 1) () g () A, R & SR B 3(c) i Sfih
BURK I 5 A 4 1 T B2 T 5 R MR ElCR: 5 e M BELAR,
TR 8 R U, R R IEREIER T,
W HREAAIEF NS, REHDFE—ENS
SPEM. 3T g A UK R S AR, AE R Rk
R BT DA, RVt T DL sk Rkt ) i R A
R B S VAR5 kM. ABEFLH PPF f&
L (PPF=(A2-A,)/41x100%) 3K K 7~ 5 fi A 2 (1) 4 K
FUAR T 3(d)RT LA H, B 5 1) g B ) 4 4, 56
AN Tk ERL IR AR B A Rk E I D 39 T A
TREEIG R, LREREMELERYE . Fb iz
B BH AR R PR T DLE HHb B A P S A AT S, AT S
R AN R UL 7 = A

2 FREESAREE S YIRS

AR B, ) o a1 A i RS KL,
ARSI 8] DL AR Z BE S R AE . 9 TR FUHAL

B, XTE 2(b)FTs FeO, 12FH 4 ML A8 ith 28 (% 24 K
TSRS T BHITIE, B 4R
N LI BB T LA A R AR A )

Jen = AE? exp(—%j (1)

1 3
Sopr, 4= B:ﬁ{zmjzﬁﬁ;m%%

' m" SThpgy 30 A2 q
FE LR, m TR R, h R 5,
g NHETHME, E R, o A F-N#H2,
MIFRE ] LU HF-N bS5 F R 36 5 IR T %,
BOW R L % R In/EY o< 1/E. RIEZMAES
BAH AR op=1.01x107 eV, %20 7)1
SFIEREMA, U IZMLEANE Tz A

B 4(b) BRI R LA 45 1. AR
P oA A

1

J, = AT? exp AEE_ﬂ )
KgT Kyl

3

ﬂ: q

4ne,8
& €0, ¢ TP MINBURILZFH IR BIRRE. H
FraEd e, R, EEAN RS JAEN

2
Ho, A= 4nmKzq

h3 5 5 KB> T> E: ¢S: m,



38 %

442 T AL M KB iR
-13
(@ 5 14 | ®
-14 o
= ~ 127
> 15| 0©° S «* Slope=0.0024
< g
N & < 10¢
g 161 3
S Slope=479494 AP R
R VA
6 r o]
g L . . . . . . . .
0 2.0x10° 4.0x10~ 6.0x10~ 0 500 1000 1500 2000 2500 3000
E/ (mVY) E™ [ (Vim)
1.6x10° [ -1.5 | (@)
. 12x10° g 20|
\.E \.
< 8.0x10° < 25y
S S
S 30} . »
4.0x10° F 5 ° o Slope=9.9x10
35t 00%
0or o
Il 1 1 Il _40 1 1 1 1 1 1
0 2.50x10°  5.00x10°  7.50x10° 0 500 1000 1500 2000 2500 3000
E/(V-m™) E"™/(Vi-m )

K4 Ag/FeO,/ITO 1ZFH &M AL 40l 5 25 51
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(a) Using the Fowler-Nordheim tunneling mechanism; (b) Using the Schottky emission tunneling mechanism; (c) Using the
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Fig. 5 Physical model constructed based on trap energy level
tunneling

(a) Electrons are injected from Ag electrode and filled with defect
energy levels in FeO,; (b) Defect energy level in FeO, is filled and the
device is converted to LRS; (c) Reverse voltage, electrons are injected
from the ITO electrode and filled with defect energy levels; (d) Defect
energy level is filled and the device transitions to LRS again
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