Supporting Information
Variability Improvement of TiO,/Al,O; Bi-layer
Nonvolatile Resistive Switching Devices by Interfacial
Band Engineering with Ultra-thin Al,O; Dielectric

Material

: 123 % v 12,3 : 123 ;i 7123 Qg
Writam Banerjee”””*, Xiaoxin Xu"~°, Hangbing Lv"~", Qi Liu""", Shibing

12,3 : 123
Long”~" and Ming Liu

'Key Laboratory of Microelectronic Devices & Integrated Technology, Institute of

Microelectronics, Chinese Academy of Sciences, Beijing 100029, China.

*University of Chinese Academy of Sciences, Beijing 100049, China.

3Jiangsu National Synergetic Innovation Center for Advances Materials (SICAM), Nanjing

210009, China.

AUTHOR INFORMATION
Corresponding Author

* E-mail: writam.banerjee@gmail.com; Tel: +86-10-8299-5582; Fax: +86-10-8299-5583.

S1



KEYWORDS. resistive random access memory (RRAM), valance change memory (VCM),

interfacial layer, band engineering, bi-layer, variability control

Normal Probability Plot of 8-nm Al203
mu = 13.9645 sigma = 2.73182

(a) 90.5 O Percentiles : :
*“[}++++ Reference Line
@ —— Lower Percentiles
é 9SS Upper Percentiles T
e
<
g 70}
&
& 40t -
=
S 10}
Z.
l L
0 5 10 15 20 25
(o)
Voltage [V]
Normal Probability Plot of 5-nm Al203. Normal Probability Plot of 2-nm Al203
(b) mu = 12.26875 sigma = 2.00279 mu = 9.604 sigma = 0.9146
@ Percentiles : : | I I : : |
99.5 |— Reference Line | 99.5
@ —— Lower Percentiles e
é 95 [— Upper Percentiles T é 95t |
b —
= =
8 &
g 70} | € 70} .
%) QW
& 40t = 40¢ -
= S
— - " -
= = | O Percentiles i
.8 10+ '5 10 —— Reference Line
Z ‘. —— Lower Percentiles
1+F g 1+ —— Upper Percentiles| ]
0 5 10 15 20 25 0 ) 10 15 20 25
Voltage [V] Voltage [V]

Figure S1. Initial forming voltage distribution with different TiO,/Al,O; RRAM devices.
Device-to-device forming voltage distribution for (a) S1, (b) S2, and (c) S3 devices. Due to the

thicker Al,O3 layer, the S1 devices need higher voltage as compare to the S3 devices.
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Changing nature of the conductive nano-filament
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Figure S2. Transition from HRS to LRS in S1 RRAM devices. The cycle-to-cycle transition

from HRS to LRS is showing a non-uniform evolution of CNF. Due to that the variation in

resistive switching cycles are obvious.
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Figure S3. Variation of LRS and HRS. The cycle-to-cycle variation of the LRS for (a) S1, (b)

S2, and (c) S3 devices, respectively. The cycle-to-cycle variation of the HRS for (d) S1, (e) S2,

and (f) S3 devices, respectively. In all cases the controllability is improving the 2 nm Al,O;

based RRAM device structure.
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Figure S4. Surface plot of variation. The surface plot of variation is showing an excellent

control of the variability by ultra-thin 2 nm Al,Os layer as compare to the thicker Al,O; layer.
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Figure SS. The LRS conduction. (a) The TAT conduction is dominating at the lower voltage

and (b) the F-N tunneling conduction is dominating at the higher voltage for S1 RRAM devices

with 8 nm thick Al,Os layer. (c) The high £ can modify the tunnel barrier thickness < 2.5 nm and

the conduction is by F-N tunneling. But with lowering the £ the height of the triangular potential

barrier is increasing, resulting an increasing thickness for the electron tunneling. In this situation

TAT is dominating. (d) For an ultra-thin 2 nm Al,O3 based S3 RRAM devices, the F-N tunneling

is controlling the conduction over a large voltage range.
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