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S1. The fabrication process of room- temperature developed flexible memristor.
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Figure S1. The fabrication flow of device. (a) The substrate of PET/ITO was cleaned
and used as flexible substrate, in which the ITO acts as the bottom electrode. (b) The
film of ZnO with thickness of ~40 nm was deposited on the flexible substrate by PVD
under room temperature. (c) Top electrode of TaN was deposited by PVD using a
shadow mask. (d) The low- cost memristor was formed with the structure of

PET/ITO/ZnO/TaN.



S2. EDX mapping image of ZnO film on silicon substrate.

Figure S2. The EDX elemental mapping image of the ZnO film, including C, O, Zn
and Si. Note: The film is deposited on the silicon substrate to simplify the EDX

mapping test.



S3. The high- resolution XPS spectra of Zn 2p.
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Figure S3. The typical XPS data of Zn 2p, where the peaks detected at 1021.6 eV and

1044.7 eV represents the Zn 2p;/, and 2p;,,, respectively.



S4. The work mechanism of ZnO- based memristor.
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Figure S4. The fitting curves of the device under positive voltage sweep. The fitting
curves could be divided to three regions. (a) The Ohmic conduction region. The curve
could be fitted well with linear Ohm’s law model in this region of 0- 0.12 V, which
could be attributed to the effect of intrinsic carrier in film at low voltage.! (b) The space-
charge- limited current (SCLC) region. In the voltage sweeping range of 0.14- 0.42 V,

the replotted curve of I- V2 suggests the mechanism of SCLC obeying the Child law in
the high voltage region of HRS.?



S5. The ultralow operating voltages collected from 20 different devices.
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Figure S5. The ultralow positive and negative switching voltages of ZnO- based
memristors. (a) The statistical result of set voltages obtained from 20 different ZnO-
based devices, where the mean values («) is 0.5V. (b) The ultralow u of reset voltage is
-0.36V, which is collected from 20 random devices. These results indicate the reliable

ultralow switching voltages in our memristors.



S6. The conduction mechanism of our flexible memristor.
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Figure S6. The mechanism fitting results of our memristor under bending state with
radius of 10 mm, including three kinds of mechanism model. The fitting result is similar
as the device under flat state, including (a) the Ohm’s law in the sweeping range of 0-

0.16 V, (b) Schottky model in the region of 0- 0.34 V, and (c) SCLC model in the range
of 0.36- 0.62V.



S7. HRS and LRS of device under flat and bending states.
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Figure S7. The average values (1) of resistance of device under flat and bending states.
The x of LRS and HRS under flat state are 2.53 kQ and 170 kQ, respectively. Under
bending state, the 4 of LRS and HRS are 8.69 kQ and 214.9 kQ.



S8. The retention time curves of memristor under flat and bending states.
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Figure S8. The retention characteristics of device under different testing states. (a) The
retention behavior of the ZnO- based device for over 10* s with a small bias of 0.1 V.
The HRS and LRS show little change after measurement under flat state. (b) The
retention curve of device under bending state with radius of 10 mm, where the testing

bias is 0.1V. The resistance show little degradation, indicating the reliable characteristic

of memristor.



S9. Bending cycle test of flexible memristor.
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Figure S9. The mechanical flexibility of device under different bending cycles with
radius of 10mm. The flexible device exhibits stable HRS and LRS after bending 300

cycles.



S10. The waveforms of pulses used in LTP/LTD measurement.
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Figure S10. The schematic diagram of waveforms for simulating LTP/LTD behaviors
of ZnO- based memristor. (a) The LTP characteristic was emulated by a series of
positive pulses (pulse amplitude of 1.2V, width of 100 us, number of 50), where the
current is monitored by the small bias of 0.1V. (b) The LTD behavior was simulated by
a series of negative pulses (pulse amplitude of -1 V, width of 100 us, number of 50).

The bias of 0.1 V was used to monitored the current of device during measurement.



S11. The waveform for long- term retention behavior of device.
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Figure S11. The schematic diagram of waveforms for long- term retention
characteristic measurement. The waveforms consist of two kinds of pulses, including
the first pulse (pulse amplitude of 1V, width of 100 us, number of 1) for inducing the
EPSC behavior of memristor and the rest pulses (pulse amplitude of 0.1V, width of 100

ms) for monitoring the current of memristor over 1000s.



S12. The waveform for PPF behavior of device.
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Figure S12. The schematic diagram of waveforms for PPF behavior and the response
of post-synaptic current. The waveform consists of a pair of pulses (pulse amplitude of
1V, width of 10 ms, number of 2), where the interval time could be changed for
obtaining different PPF index. The post-synaptic current is monitored during all

measurement process to simulate the PPF behavior in biology.



Table S1. Comparison of electrical characteristics of several memristors.

Process

Device Set/Reset  Uniformi  Synaptic . Array
. Tempera . Flexible . Ref
Architectures o Voltage(V) tyIndex  Behavior Learning
ture(°C)
Ni/h-BN/Au 1050 0.8/-0.7 - x X x 3
rGO/Ti;CyTy- 4
PVPIA, 1000 0.9/-1.8 . x x x
Ni/Ti/MoTe,/Al,0; 5
P 250 2.9/-1.75 - x X x
PYTI/SIO/PYTI 200 4V/10 . x N x 6
Au/TilMoS,/Ti/Au 170 20/-20 - N x x 7
ITO/ZnO/ 8
AI203/TaN 130 1.2/-1.8 35%/40% \ v x
ITO/BCPO/AI 120 3.2/-3.8 - N x x 9
Au/MAPbIy/Au 100 0.96/-0.55 - x x x 10
PY/TiO,/TaO,/Pt 90 1/-2 - x X x 11
ITO/collagen/Mg 60 2/-3 - N N x 12
Au/Ti/G/h-BN/G/Au 25 3.5V/-1 - x X x 13
ITO/ZnO/TaN 25 0.48/-0.39 59%/10% y N N This

work
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