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Abstract: In this study, the architecture of an interfacial switching memristor, which has a metal-insulator-
metal structure of Pt/SrTiOs/Nb-SrTiO; was investigated. The performance of a neural network that uses
memristors as its synapse components was also examined with system-level simulations. A finite element
solver, COMSOL Multiphysics, was used to simulate synaptic device characteristics, specifically, the
conductance change, using a series of pulses for a given architecture. An open-source software, NeuroSim, was
used to simulate the ability of the neural network to recognize and identify handwritten digits. Electrostatics,
mass transport, and thermionic emission equations were numerically solved in a fully coupled manner to
model the Schottky barrier height modulation at the Pt/SrTiOs; contact using the applied bias. The barrier
height is a function of the oxygen vacancy concentration in the SrTiO; near the contact. The gradual change
of the oxygen vacancy concentration profile caused by successive pulses results in the gradual change of
conductance. Utilizing the simulations, the influences of device structure modification, and more specifically,
changing the size of the Schottky contact, on long-term potentiation and depression were analyzed for planar
devices. The results show that a smaller Schottky contact yields a higher digit recognition rate. Based on this
finding, a three-dimensional device architecture that is vertically stackable was designed.
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Fig. 1. Structures of device models used in our study: (a) planar STO, (b) planar STO with a narrower Schottky contact, and (c) macaroni

STO structures.
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q¢b - q¢meff Xs
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rt¥- Vac
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Fig. 2. Switching mechanism by Schottky barrier modulation.

Table 1. Model parameters used in the development of the model [19].

at TE interface
> lower ¢y, 5
- lower ¢,

Depression
(-) pulse
- higher €
- more electrons
at TE interface
> higher ¢, cff <>
- higher ¢,

Parameter  Value Unit Description
C, 50 mol/m? Initial concentration
Minimum Conc. value for
3
C, 0.001 mol/m SBH
Maximum Conc. value for
3
Cu 60 mol/m SBH
D 6x 107 s Diffusivity of oxygen
vacancy
Electrical conductivity of
4
osr0  71.8%10 S/m SITiOs
. oy dimensionless Charge number of oxygen
vacancy
A* 156 x10° A/MYK? Richardson constant
D, 0.6 eV Minimum SBH
D,y 0.7 eV Maximum SBH
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QF] AHA T FE XS] Akl WE WSS Atetar,  AEshd, olefdh A AR AR AW 32 A
HFHoE HA QP B o A ¥ FE EEE 52 WU 5 ok
Aojulit}t Potentiation, Depression B2 ZHzF +1.62 V, 24, NeuroSimol|A] A&sk= MATLAB ~IHEE &
-1.80 Ve Hgtol 10pus &F A7EH, 2 UH=E S 3l Potentiation¥} Depression 2FAS ZHzE 2] 8,99 T
(rising) ¥ 3 (falling) A17F 0.1 pselth., 3te] AX 3" (curve fitting)S F13Y S,

87] TS A9 HA P 9RE $o M 3 P

o B% REE WYsle] SBHE AN, ool Be & G- B(1-¢)+G,, ®)
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°ol& (l)oﬂ dsted ALkETE 2] 5= Fo%1 SBH GLTD=B[16 ! J+Gmax ©)
o, (0ol wiste] Qb gt wE dol WE
(thermionic emission, ©]3} TE)o] <3 AF T Pt
Jr(V) & HERTE ol Ata 3] 5850] ofz}, A (Gmax—Gmm)/(l—e A) (10)

o] Bgolt}.

PN (L) 1] ®

A* = E]i}‘:f‘(Richardson) A 1.56x10° A/m*/K?o]
S 8] %] 3430 A2 AT £ o 2ol 53
I=(specific contact conductivity) S. (S/m?)E
4 59 ARAES A0 ke ol

Sc= (0 r/OV)y— o= 1/ V) smmatt v

Jre(V) = A*Tzexp(f

— 4*T? ,@ qr)_
A Texp( T )[exp(k;) 1} ©6)
S 7] A% 0.1VE 54 6ol Agalel 5,5 7
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st 4 8, M x5 ¥WFe FE F polth
Z po WE AYHX W3l etk £4 100 <8t
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o [15]. $8l= &AFE non-ideal A2 ZFJ]’ 548w
F3l= “RealDevice”Z A4 3FH 3L, Epoch 3t
2GR AU O F Epoch #S =o|H <14 Eo] ¢
=4 2tk AS7EA] Ag Ao E T8 la, 1b, lc
o] 2AkEol thste] 7tz Axp 54 F4E 932, MNIST

e 48 Boreke

/\IE
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A
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Fig. 3. Synaptic characteristics (conductance change by successive application of switching pulses): (a) device A - planar STO, (b) device
B - planar STO with a narrower Schottky contact, and (c) device C - macaroni STO structures.
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Fig. 4. Simulation results of MNIST pattern recognition for neural networks adopting different synapse devices: (a) device A - planar STO,
(b) device B - planar STO with a narrower Schottky contact, and (c) device C - macaroni STO structures.
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Fig. 5. Structures of devices with different Schottky contact widths:
(a) 15 nm, (b) 10 nm, (c) 5nm, and (d) 3 nm.
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Fig. 8. Electrical potential distribution: (a) Nb-STO electrode and (b) low resistivity metal electrode.
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Fig. 9. Simulation results for macaroni STO devices with different Schottky contact widths: (a) Synapse characteristics and (b) MNIST

pattern recognition.
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