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Introduction

Memristor crossbar arrays – hardware ANN

Temperature characterization

In-sensor computing is an emerging paradigm in which data is not only captured by

a sensor but also processed directly within it. This sensor architecture helps to

reduce the transfer of raw data between the sensor, memory, and processing unit.

By combining sensing and computation, this approach improves:

Efficiency - Reduces the massive data transfer from sensor, thereby saving energy

Speed - Enables real-time processing close to the data source

Parallelism - Parallel processing of data provides further improvements in efficiency

Our approach uses a crossbar array of sensors, enabling neural network–like

behaviour. In this work we explored our Ni/HfO2/TiO2/TiN analog memristor crossbar

arrays for application as a programmable smart temperature sensor.

The concept of In-sensor computing originates from neural networks that simulate

how the human brain works. By applying Ohm’s and Kirchhoff’s laws in a crossbar

structure, we can replicate the same signal-processing logic as in a neural network.

• Sensors were measured from 30 °C to 50 °C

• Devices set with 4 different memristor states were measured

• Devices were set at elevated room temperature of 30 °C

Summary and key points 
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• A crossbar array is a hardware implementation of the weighted connections in a neural 

network.

• The input of the crossbar is a voltage vector and the output is the current vector.  

• Instead of fixed weights, each weight is represented as a sensitivity function

• By changing the voltage and number of pulses used to program the memristor, different 

temperature sensitivities can be achieved.

Funded by the EU NextGenerationEU through the Recovery and Resilience Plan for Slovakia under the project 09I05-03-V02-

00058 (Neuralsens), and by the m-ERA.net projects Atosens & PhotoPrint.

References
[1] Zhou, F., et al., Nat. Electron., vol. 3, pp. 664–671, 2020, doi: 10.1038/s41928-020-00501-9.

[2] Berchialla, L., Electrical Characterization of Resistive RAM Devices for Neuromorphic Computing Applications, Master’s Thesis, Politecnico di 

Torino, 2021.

[3] Saxena, S., et al., IEEE Trans. Electron Devices, vol. 72, pp. 3148–3154, 2025.

[4] Khan, A. I., et al., Appl. Phys. Lett., vol. 116, no. 20, Art. no. 203105, May 2020, doi: 10.1063/5.0003312.

[5] Saxena, S., et al., IEEE Trans. Electron Devices, vol. 70, no. 5, pp. 2600–2605, May 2023, doi: 10.1109/TED.2023.3261829.

[6] Suri, R., et al., J. Appl. Phys., vol. 46, no. 6, pp. 2574–2582, Jun. 1975, doi: 10.1063/1.321934.

[7] Shivaprasad, S. M., et al., J. Phys. D: Appl. Phys., vol. 13, no. 9, pp. L171–L172, Sep. 1980, doi: 10.1088/0022-3727/13/9/003.

[8] Belser, R. B., et al., J. Appl. Phys., vol. 30, no. 3, pp. 313–322, Mar. 1959, doi: 10.1063/1.1735158.

[9] Kumar, A., et al., J. Mater. Sci., vol. 23, no. 7, pp. 2361–2364, Jul. 1988, doi: 10.1007/bf01111888.

[1]

Comparison of TCR to known materials

• The R-T characteristics shown a significant temperature dependency just from

reading the memristor state (not only when programmed)

• The dependence of sensitivity on the memristor state is demonstrated, showing that

varying levels of sensitivity can be achieved as a function of the number of

programming pulses applied.

• When comparing the thermal coefficient of

resistance to other materials our memristor

array has shown significantly higher values

to materials regularly used for thermal

sensors

• Only exotic 2D MOS devices show higher

values, which are more complex
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Motivation

IV read characteristic of memristor, shows different resistance levels based

on temperature it was measured at

Initial temperature measurement shown significant temperature dependency of

programming temperature on the memristor state. This fact lead us to believe

they can be used in temperature sensors. By exploiting the array structure in

sensor computing can be achieved.
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This work

Initial temperature dependency measurements

The analog memristor crossbar array was

fabricated using physical vapour deposition (PVD)

electrodes, with the two oxide layers deposited by

atomic layer deposition (ALD), enabling sufficient

reproducibility and nanoscale control.

[2]

When using hard-coded temperature sensors, a selector is necessary for the

prevention of sneak-path currents. In this case they are not necessary due to the

non-linearity of the memristor used for temperature sensing.
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HR-TEM cross-section image of the 

analog memristor stack

• 4 different voltages were used for reading the resistance

Schematic of a crossbar 

array

Projected views of the R-T-N surface
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The devices are being used for research in the field of in-sensor computing. For 

more information about these arrays see poster from Matej Horský - MEM25-131.

boris.hudec@savba.sk www.ALD-apps.eu

Read voltage -1V

Device read at 30°CDevice set with 100 4V pulses
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