Supplemental

(@)

(i) TDMA-Hf Pulse

"' :';"

MLD"Cycle
(TDMA-Hf/ EG)

o 0f o

(i) TDMA-Hf Purge

(iii) H,O Pulse
©

o ..”.'C’J'C’J'C’J('J(

(vii) EG Purge

(vii) EG Pulse

M. Lee et al.

(iv) H,O Purge

ALD Cycle
(TDMA-Hf/ H20)

'5(%5;{)(2()(

(vi) TDMA-Hf Purge

(v) TDMA-Hf Pulse

 J
e O ® . ‘ o ] .
AR
‘ Hf ... ... L ] ... ... ...
e & § § § § } } 3( = }
o C
(b) . July 2023 , Aug. 2023 . Sep. 2023 Nov. 2023 , Dec. 2023
o 10 10 0 e 10
§ 102 Zz;?ssvgeep 102 ' 102 (LRS) 102 (1:;_\’SSVKeep 102 y
=10 o 10§ 10’ : : 10"
% ool 4 oep 100 —rmmen| 100 120 ?Lri?ss")“?ep e
c /3 sweep Frd d s, 2 sweep ]
Sof I G T 5 R i e 29 sweep(10”" |
102 102} 102} 1072 102}
510°t . INEASEM10° (15% ) o, NTONNHNN (15% C) Hro. RTORNSNNNN (15% C) Hro. FIoNg (15% C) HfO,
0 1 2 0 1 2 0 1 2 0 1 2 0 1 2
Voltage [V] Voltage [V] Voltage [V] Voltage [V] Voltage [V]

Fig. 1. (a) Schematics of the super-cycle approach in ALD and MLD processes. TDMA-Hf and H.O
were used for the ALD process, while TDMA-Hf and ethylene glycol (EG) were used for the MLD
process. (b) Batch variations of 15% carbon-doped HfOx memristors. Across 5 batches, the devices
consistently exhibit reproducible born-ON operation, maintaining consistent low resistance state (LRS).
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Fig. 2. (a) Device variations of 15% carbon-doped HfOx memristors with various device-areas.
Reasonable device-to-device variations were demonstrated with the 15% carbon-doped HfOx memristor.
(b) Device area dependent ON and OFF current characteristics.



