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Figure S1. XRD image of TiO2 grown on glass substrate.

S-2



(a)12 r r r ' (b)GO .
10} 1 50l
g° g 40}
26 230}
g, 4} 1 g, 20! ]
= = -=- 20 uA
o 2 319 —-30pA ]
0 of == 50 pA |
-2 . . . . - N L L . .
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20 0.25
Voltage (V) ) Voltage (V)
(c) -~—01mA (d)10pr N '
1.0} 0.5 mA | R [ Vol_atllg ]
— @10 switching 1
—~o0.g} =—10mA = f I
<™ 210
3] [ 1
€06 c = 1
- 8107} 1
G 0.4} S .l 1
= %10-7|. Non-volatile 'I
S5 0.2} J £ Switching
P | ]
O | Lasaaaaaad ) 310° F _|
0.0} ]
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 1 10 20 30 100 5001000
Voltage (V) Compliance Current (nA)

Figure S2. The RS characteristics of QD-based device under the compliance current of a) 10 xA,
(b) 20, 30, and 50 ¢A, (c) 0.1, 0.5, and 1.0 mA. (d) The relationship between the high conductance
state and the compliance current.
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Figure S3. The reversible transitions between the volatile and nonvolatile RS behaviors can be
tuned in a single QD-based device.
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Figure S4. Relationship between the SET power and compliance current for QD-based device.

The SET power (Pser) is calculated by the following equation: Pser = Vser X lser. lset is the
current of Vser. The Pset of QD-based device under Icc of 30 xA has been calculated ~ 10 pW, as
shown in the label of Figure 2a, which shows a relatively ultralow power consumption. Table S1

and S2 respectively show the comparisons of Pset with other TS or Ag-based memristors.
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Figure S5. Schematic illustration of energy band diagram of the QD-based device. a) Virgin device
(unbiased). (b) Under the SET process.

As shown schematically in Figure S5a, the work function of Pt and Ag are 5.65 eV and 4.26 eV,
respectively.! The electronic affinity of the amorphous TiO; is 4.0 eV and the broad bandgap of
TiO2 and AIZS are approximately 3.25 and 2.55 eV respectively, as reported in the literature.?3
From the above descriptions, we can obviously find out that the potential barrier between TiO> and
AIZS is 0.75 eV. We can conclude that the insertion of AlIZS QDs increases the energy barrier

(Figure S5b), which might be the reason why Schottky emission can explain the conduction

mechanism of HRS.
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Figure S6. (a) The Ag top electrode was cut into two parts and the resistance values of each part
were measured to validate the local behavior of CFs. (b) Relationship between LRS and
temperature for illustrating the properties of CFs.
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Figure S7. The I-V curves of (a) the Ag/AIZS QDs/TiO2/Pt device and (b) Ag/TiO»/Pt device.
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Figure S8. (a) Impact of time interval of the positive pulse trains on conductance modulation. (b)
The process of automatic conductivity reduction was recorded with a low read voltage (0.01 V)

after the QD-based device conductance was saturated.



Table S1. Comparison of device parameters with memristors with TS characteristics.

Device Structure ~ S°! E/\(/)]Itage S‘g;ﬁging [/IJCX] SET[\I/DV?wer Ref.

Ag/Ag-In-Zn-S/ITiO./Pt 0.08 ~10° 30 ~10% V-Egll‘?(
Ag/ZrO,/Pt 0.25 ~10* 100 ~10° [4]
Pt/ferritin/Pt 0.85 N.A. 5 ~10° [5]
Cu/TaO,/ 6-Cu/Pt 1.3 ~10? 50 ~10® [6]
Cu/GeTe/Al,03/Pt 0.7 N.A. 200 ~10”7 [7]
TiN/TiO2/NbOx/Pt 1.3 N.A. 1000 ~10° [8]
Ag/MnO2/Ag 3.0 ~10% 10 ~10° [9]
Ag/NiO/Pt 0.8 ~102 1000 ~10 [10]
TiN/VO2/TaO,/Pt 2.2 N.A. 1000 ~10* [11]
Ag/InP/ZnS/ITO 0.75 N.A. 100 ~10® [12]
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Table S2. Comparison of the performance parameters with other devices using Ag electrode.

. SET RESET Retention  Switching SET

Device Structure Voltage Voltage . Ref.
[s] Ratio Power
(V] [V]
Ag/Ag-In-Zn- 0.08 (TS) N.A. N.A. 10° 10 pW This
SITiO,/Pt 0.15 (MS) -0.05 104 10° 0.56 nW  work
Ag/TiOy: Ag/Pt 0.2 -0.3 N.A. N.A. 0.6mw  [13]
Pt-Ag/SiOz: ] 2

AgITIONPSi 25 15 N.A. 10 5mw [14]
Ag/ZnO/Pt 2.1 -0.5 103 10! 2.4 mW [15]
Ag/TiO/Pt 0.5 -1.2 N.A. 10! 0.5mwW  [16]
AQ/ZrO./MoS,/Pt 0.8 -0.25 10 105 0.5 pW [17]
Ag/HC(NH,)Pbls/Pt 0.22 -0.6 103 105 6.6 NW [18]
Ag/GaSe/Ag 1.4 -1.1 104 10° 0.9 ywW [19]
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