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Figure S1: Transmittance and absorbance spectra of PdO thin film. 

 
As shown in Figure S1, there is a small peak (450-550 nm) in the absorption /transmittance of 

the PdO thin film, which is not prominent. In case of nanocrystalline metal oxide thin films, 

such weak features are common (see for example, Journal of Applied Physics, 1999, 85, 

7885). Importantly, such peaks have been used to estimate approximate bandgap. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2: I-V characteristics of a PdO resistive switching device during the forming step, 0 
to 10 V (red curve) and retrace, 10 to 0 V (black).  
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After forming process, in order to find the resistance state of the device, back sweeping of 

voltage was performed with a new device and the data is now added to the supporting 

information (Figure S3). After the reset process (0 to 10 V), as the voltage was retraced from 

10 to 0 V, the current followed a linear behaviour as shown in Figure S3. 

Note-1: Following is the sequence of voltage sweep/cycles employed in Figure 2c.    
S.No. Process Voltage sweep/cycle 

employed 
Colour of the 

curve 
Memory state 

achieved  
1. RESET 0 to 8 V Red 1 
2. SET 0 to 5 to 0 V Red 0 
3. RESET 0 to 10 V Green 2 
4. SET 0 to 5 to 0 V Green 0 
5. RESET 0 to 12 V Blue 3 
6. SET 0 to 5 to 0 V Blue 0 
7. RESET 0 to 15 V Brown 4 
8. SET 0 to 5 to 0 V Brown 0 

Note: Reading of the memory states was carried out with 0-1 V sweeps. 

 

Note-2: Interstate switching has been carried out using voltage pulses; The following table 

provides details about the pulse width and amplitude. 

S.No. Process Applied voltage 
pulse (V) 

Voltage pulse width (ms) Memory 
state 

1. SET 5 20 0 
2. RESET 8, 10, 12, 15 20 1, 2, 3, 4 
3. READ 0.01 20 

(Each SET/RESET read ten times) 
- 

  

 

 

 

 

 

 

 

 
 

Figure S3: Consecutive voltage cycling from 0 to 5 to 0 V of a PdO device.   



  
 
 

Initially, the device was RESET with a 0-15 V sweep and this high resistance state is marked 

as ‘4’ in the Figure S3. When a 0-5 V was performed on this state, a linear behaviour was 

observed (black curve) up to 4.8 V, beyond which (around 5 V), the current jumped and on 

completing the cycle (5–0 V), the current followed a linear curve in a lower resistance state 

termed ‘3’. Three more such loops could be obtained by sweeping the voltage in 0 to 5 to 0 V 

cycles where the currents in the linear regions were found overlapping. Likewise, it was 

possible to switch the resistance state totally four times. The voltage sweep for the fifth and 

the following cycles did not produce new states and the device was retained at ‘0’ state only. 

In short, the data clearly demonstrates interstate switching possibility with DC voltage cycles, 

although   all switching events could not be realized even with higher voltage scan rates. 

More facile interstate switching was possible only with voltage pulsing (as is common with 

devices reported in literature), which forms the data in Figure 3a.  

 

 

 
Figure S4: Multiple memory states and corresponding resistance of five devices. 

 



  
 

 
Figure S5: The RS of PdO MMS device in (a) Ar and, (b) O2 atmospheres respectively.  
 
 
In order to understand the RS mechanism, the switching was tried in different atmospheres 

such as Ar and oxygen (see Fig. S5). The device exhibited RS in Ar atmosphere as shown in 

Fig. S5a, however the after two cycles device did not switch. This indicates inert atmosphere 

is not favourable for switching. More interestingly, the device showed lower reset voltages 

(8V) with a clear jump towards high resistance state (HRS) in oxygen atmosphere as shown 

in Fig. S5b. Further, device did not switch back to LRS from HRS state even at higher 

voltages. It is clear that the device requires oxygen for reset process (LRS to HRS) whereas 

more oxygen is not favouring set process (HRS to LRS). Hence, PdO MRS device does 

exhibit switching only in presence of small amount of oxygen such as ambient conditions, 

which is more suitable for practical applications. 

 



  
 

 
 
Figure S6: Non-polar resistive switching characteristics of PdO MMS device. The Reset and 
Set process performed at (a) negative-positive, (b) positive-positive, (c) negative-negative 
and (d) positive-negative bias polarities, respectively. 
 
 
 

 
Figure S7: Resistive switching mechanism of PdO thin films (a) pristine, (b) after forming 
and (c) during RESET and SET process.  
 
 
 
 
 
 
 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S8: Cumulative probability of switching between the states, each probability is 
calculated over 20 events, in which 10 events are switching from n1 to n2 and other 10 events 
are switching from n2 to n1.    
 

Table S1: Summary of the resistive switching devices made in this study 
 

 

 
 
 

 

Device  
no. 

Resistance (k) 

Low resistance  
state (LRS) 

High resistance  
state (HRS) 

1 1.4 2.2 

2 8.1 11 

3 3 9 

4 6 9 

5 9 13.3 

6 7.1 4.2 

7 11 25.1 

8 2.1 3.5 

9 9 12 

10 6.1 9.3 

11 3 7 

0 to 4  0 to 3 0 to 2 0 to 1 1 to 4 1 to 3 1 to 2 2 to 4 2 to 3 3 to 4
0

50

100

C
um

ul
at

iv
e 

pr
ob

ab
ili

ty
 (%

)

Switching between states



  
 

Table S2: Comparative study of multi-level resistive switching devices reported in the 
literature 

 
S.No. Device 

Structure 
Device 

geometry 
On/Off 

ratio 
Retention 

time for all 
states (s) 

and reading 
voltage (V) 

Conduction in No. of 
states 

Temperature 
dependent 
resistivity 

for all states 

Multiplex 
number 

(M) 

Ref. 

 On state Off state 

1. Ti/ZrO2 /n+-Si Out of 
plane 

104 - Ohmic Non-ohmic 3 yes 3.66 1 

2. Al/CNT/Al Out of 
plane 

102 105 and -1 Ohmic Non-ohmic 3 no 3.66 2 

3. Cu/TaOx/ Pt Out of 
plane 

104 - Ohmic Non-ohmic 3 yes 4 3 

4. ITO /AlQ3 
/Al2O3 /AlQ3        

/Al 

Out of 
plane 

104 103 and 1 Non-
ohmic 

Non-ohmic 3 no 3.66      4 

5. Au/SiO2/Au Out of 
plane 

104 - Ohmic Non-ohmic 3 no 3.5 5 

6. ITO/MEH-
PPV/Al 

Out of 
plane 

105 - - - 3 no 3.5 6 

7. Ag/PI/graphen
eoxide:PI/PI 

/ITO 

Out of 
plane 

105 105 and 1   3 no 3.5 7 

8. Au 
/Na0.5Bi0.5TiO3 

/FTO 

Out of 
plane 

10  Non-
ohmic 

Non-ohmic 3 no 3.33 8 

9. Cu/HfO2/Cu 
/Pt 

Out of 
plane 

107 105 and 0.1 Ohmic Non-ohmic 4 yes 4.5 9 

10. SrRuO3/Ba0.7 
Sr0.3TiO3 /Pt 

Out of 
plane 

4 - Non-
ohmic 

Non-ohmic 4 no 4.66 10 

11. ITO/PEDOT 
/organic/Al 

Out of 
plane 

103 106 and 1 Ohmic Non-ohmic 4 yes 4.16 11 

12. Ag/organic/IT
O 

Out of 
plane 

102 - Non-
ohmic 

Non-ohmic 4 no 4.5 12 

13. Al/Alq3/NiO 
/Al 

Out of 
plane 

103 105 and ~ 5 Non-
ohmic 

Non-ohmic 4 no 4.5 13 

14. Ag/Nb-doped 
SrTiO3/Ti 

Out of 
plane 

104 - Non-
ohmic 

Non-ohmic 4 no 4.41 14 

15. Ag/SiO2/Pt Out of 
plane 

106 103 and 
0.05 

Non-
ohmic 

Non-ohmic 4 no 4.5 15 

16. Ti/ZrO2/Pt Out of 
plane 

103  Ohmic Non-ohmic 4 yes 4.41 16 

17. TiW/SiN/ 
Ge2Sb2Te5 

/TiW 

Out of 
plane 

103 105 and 0.2 - - 4 no 4.83 17 

18. Si/SiOx/ITO Out of 
plane 

106  Non-
ohmic 

Non-ohmic 4 no 4.41 18 

19. Au 
/La0.7Sr0.3MnO

3 /Au 

In plane 102 103 and 
~15 

Non-
ohmic 

Non-ohmic 4 no 4.66 19 



  
 

20. Pt/PA-TsOH 
/Pt 

Out of 
plane 

104 102 and -
0.5 

Ohmic Non-ohmic 4 no 4.5 20 

21. Pt/Cr2O3/TiN Out of 
plane 

102 - Ohmic Non-ohmic 4 no 4.5 21 

22. Cu /GeTe/W Out of 
plane 

2  Ohmic Non-ohmic 4 no 4.66 22 

23. TiN/HfOx 
/AlOx/ Pt 

Out of 
plane 

102  Ohmic Non-ohmic 4 no 4.25 23 

24. Au/C10H12O2 
/STM tip 

Out of 
plane 

10 103 and 0.2 Non-
ohmic 

Non-ohmic 4 no 4.25 24 

25. Pt/TiO2/SiO2/ 
Si/ SGO/Pt 

Out of 
plane 

102 103 and 0.1 Ohmic Ohmic 4 yes 4.5 25 

26. Graphene/SiO2 In plane 104 104 and 1 Ohmic Non-ohmic 5 no 5.6 26 

27. Ti/CuxO/Pt Out of 
plane 

104 102 and 0.2 Ohmic Non-ohmic 5 no 5.4 27 

28. Pt/TiO2 /TiN Out of 
plane 

103 0.5 and 10 Non-
ohmic 

Non-ohmic 5 no 5.5 28 

29. Ti/AlOx/TiN Out of 
plane 

10 105 and 0.1 Non-
ohmic 

Non-ohmic 5 no 5.25 29 

30. Al/Fe2O3/Al Out of 
plane 

102 - - - 5  5.35 30 

31. Pt/NiO Out of 
plane 

105 --, 0.5 --- --- 5 yes 5.4 31
 

 
  32. 

Cu/Cu2S/Au Out of 
plane 

104 --, 0.5 --- --- 5 no --- 32. 

33. Au/PdO/Au In plane 10 103 and 
0.01 

Ohmic Ohmic 5 yes 5.7 Present 
work
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