Pis’ma v ZhETF, vol. 123, iss. 3, pp. 168 – 169 © 2026 February 10

Non-volatile stochastic photonic element with memory based on chalcogenide material

A. Nevzorov^a, A. Golikov^{b,c}, D. Gneushev^b, A. Burtsev^{d1)}, V. Mikhalevsky^d, A. Kiselev^d, V. Ionin^d, N. Eliseev^d, V. Svetukhin^f , P. Lazarenko^{b,g}, V. Kovalyuk^{a,e}, A. Lotin^{d,g,h}, A. Kolobov^g, G. Goltsman^{e,i}

aLaboratory of Photonic Gas Sensors, University of Science and Technology MISIS, 119049 Moscow, Russia

bNational Research University of Electronic Technology, 124498 Zelenograd, Russia

cDepartment of Physics, Moscow Pedagogical State University, 119435 Moscow, Russia

dNational Research Centre “Kurchatov Institute”, 123098 Moscow, Russia

eNational Research University Higher School of Economics, 101000 Moscow, Russia

f Scientific-Manufacturing Complex “Technological Centre”, 124498 Zelenograd, Russia

g Herzen University, 191186 St. Petersburg, Russia

hMendeleev University of Chemical Technology, 125480 Moscow, Russia

iGroup of Quantum Photonic Integrated Circuits, Russian Quantum Center, 143025 Skolkovo, Russia

Submitted 27 October 2025 Resubmitted 27 November 2025 Accepted 3 December 2025

This paper demonstrates a special stochastic operation mode of a photonic element with a thin GeTe film deposited at a silicon nitride waveguide. As opposed to traditional deterministic switching between stable states, it has been shown that identical pump laser pulses cause a stochastic change in the transmission coefficient. The discovered effect opens up new possibilities for constructing compact and energy-efficient entropy sources and stochastic computing units directly within integrated photonic circuits.

DOI: 10.7868/S3034576626020027

Stochastic processes underpin modern security technologies and novel computational architectures. The generation of true random numbers is a critical challenge for cryptography, while controlled stochasticity forms the cornerstone of probabilistic computing and the learning mechanisms in neuromorphic systems [1, 2]. Integrating such functionalities into silicon photonics paves the way for compact, high-speed, and energyefficient coprocessors to address these demands. Phasechange materials (PCMs) are among the most promising platforms for implementing computing and memory functions within photonic integrated circuits. Their significant optical contrast between amorphous and crystalline states enables the creation of optical memory elements and programmable metasurfaces [3]. Germanium telluride (GeTe) is particularly notable for its higher crystallization temperature compared to other PCMs, which translates into greater data retention stability and operability at elevated temperatures [4]. Traditionally,

1)e-mail: tonyiplit@gmail.com

PCM-based devices have been designed to switch predictably between two or more predefined stable states.

This work, however, demonstrates a special stochastic operational mode in a photonic element featuring GeTe thin film deposited on a silicon nitride waveguide [5]. In this regime, each identical laser pump pulse induces a random, non-deterministic change in the optical transmission. The change can be either positive or negative relative to the previous state. From a materials science perspective, this behavior can be attributed to the specific crystallization kinetics of GeTe. This material is characterized by a high rate of heterogeneous crystal growth coupled with stochastic nucleation events throughout its volume, leading to the observed probabilistic switching.

This work presents a unique operational regime in a photonic element based on GeTe thin film integrated onto a silicon nitride waveguide. Unlike traditional deterministic switching between stable states, we demonstrate that identical optical pump pulses induce stochastic, non-volatile changes in the transmission coefficient

168 Письма в ЖЭТФ том 123 вып. 3 – 4 2026

Non-volatile stochastic photonic element with memory based on chalcogenide material 169

Fig. 1. Dynamics of transmission change of the investigated system

(Fig. 1). The direction of each change (increase or decrease) is random, and the resulting optical state remains stable until the subsequent pulse [6]. Statistical analysis of the transmission evolution reveals three welldefined states with Gaussian distributions. This indicates random switching between film regions possessing different phase compositions and, consequently, distinct optical properties. The results presented here enable the effective harnessing of this pronounced randomness for designing a novel stochastic memory element.

Funding. This work was supported by the Ministry of Science and Higher Education of the Russian Federation # FSME-2025-0002 (fabrication of photonic integrated circuits) in the part of photon waveguide element creation, the Russian Science Foundation project # 25-49-00103 in the part of investigation of transmission coefficient stochastic modulation, the Strategic Academic Leadership Program “Priority-2030” at the National University of Science and Technology MISIS in the part of processing of experimental data by autocorrelation function.

Conflict of interest. The authors of this work declare that they have no conflicts of interest.

1. B. Sunar, True random number generators for cryptography, in Cryptographic Engineering (Springer US, Boston, MA 2009), p. 55.

2. S. Misra, L. C. Bland, S. G. Cardwell, J. A. C. Incorvia, C. D. James, A. D. Kent, C. D. Schuman, J. D. Smith, and J. B. Aimone, “Probabilistic neural computing with stochastic devices”, Adv. Mater. 35(37), 2204569 (2023).

3. S. Abdollahramezani, O. Hemmatyar, H. Taghinejad, A. Krasnok, Y. Kiarashinejad, M. Zandehshahvar, A. Alu, and A. Adibi, “Tunable nanophotonics enabled by chalcogenide phase-change materials”, Nanophotonics 9(5), 1189 (2020).

4. K. Singh, S. Kumari, H. Singh, N. Bala, P. Singh, A. Kumar, and A. Thakur, “A review on GeTe thin filmbased phase-change materials”, Appl. Nanosci. 13(1), 95 (2023).

5. P. Lazarenko, V. Kovalyuk, P. An, S. Kozyukhin, V. Takats, A. Golikov, V. Glukhenkaya, Y. Vorobyov, T. Kulevoy, A. Prokhodtsov, A. Sherchenkov, G. Goltsman, “Low power reconfigurable multilevel nanophotonic devices based on Sn-doped Ge2Sb2Te5 thin films”, Acta Mater. 234, 117994 (2022).

6. A. Pérez and E. Ruiz, “Properties of the sample autocorrelations of nonlinear transformations in long-memory stochastic volatility models”, J. Financ. Econom. 1(3), 420 (2003).

Письма в ЖЭТФ том 123 вып. 3 – 4 2026