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Fig. 1. Ternary phase diagram of Ge-Sb-Te system.
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Fig. 2. Phase transition mechanism in GeTe materials with the variation of temperature.
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Table 1. Sheet resistance of GeTe Films for differ-

ent substrates.
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1 SiOy 120 W, 10 mTorr 350 °C, 30 min 67.8
2 AlLO; 120 W, 10 mTorr 350 °C, 30 min 66
3 Si0; 80 W, 4 mTorr 350 C, 30 min 37.2
4 AlLO3 80 W, 4 mTorr 350 C, 30 min 33.8
5 Si0; 60 W, 3 mTorr 350 °C, 30 min 36
6 ALO; 60 W, 3 mTorr 350 °C, 30 min 30
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Fig. 3. XRD patterns of sample 5 and 6.
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(b) 5 mTorr; (¢) 10 mTorr.
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Fig. 7. Sheet resistance with the variation of deposition
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Fig. 8. Sheet resistance change of GeTe samples with the

variation of annealing temperature.
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Fig. 10. Photos of GeTe films: (a) Amorphous state;
(b) crystalline state.
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Fig. 11. AFM patterns: (a) Amorphous state; (b) crystalline state.
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Fig. 12. XRD patterns of GeTe film in the amorphous and

crystalline states.
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Fig. 13. Photo of GeTe chips.
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Fig. 14. Proposed parallel switch using GeTe chip: (a) Geo-
metry; (b) sample.
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Fig. 15. Equivalent circuit model of the proposed parallel switch using GeTe chip.
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Fig. 16. Effect of the substrate material on isolation.
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Fig. 17. Effect of the deposition power on isolation.
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Fig. 18. Effect of the deposition pressure on isolation.
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Fig. 19. Effect of the annealing temperature on isolation.
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Fig. 21. Change curve of the resistance as a function of
pulse magnitude.
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Fig. 22. Temperature change on the surface of GeTe film as
a function of time.
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Fig. 23. Measured results for the proposed parallel switch.
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Optimization of electrical properties and radio frequency
applications of GeTe thin film"
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Abstract

GeTe belongs to a chalcogenide phase change material, which can dynamically achieve reversible switching
between the crystalline state of low resistivity and the amorphous state of high resistivity by utilizing the
thermally induced phase change characteristics. The GeTe is an important functional material in the fields of
memristors and nonvolatile radio frequency (RF) switches. For RF switch applications, this paper focuses on
optimizing the electrical performance of GeTe thin films prepared by magnetron sputtering. By comprehensively
analyzing the effects of substrate materials, sputtering conditions, and annealing conditions on the resistivity of
crystalline GeTe films, effective conditions for preparing low resistivity GeTe films are explored. Fig. (a) shows
that compared with the GeTe film on a SiO, substrate, the film on an Al,O; substrate can obtain higher
crystallinity and lower resistivity. For the deposition power and pressure shown in Fig. (b), the combination of
medium power (50-80 W) and low pressure (2-3 mTorr) is beneficial for low crystalline resistivity of GeTe film.
Additionally, Fig. (c) shows that higher annealing temperature (350-400 °C) can realize lower film resistivity.
Finally, the experimental results show that the lowest crystalline resistivity of the prepared GeTe thin film reaches
3.6x10% Q-m, and the resistance ratio is more than 105, Based on rectangular chips of GeTe film, a parallel
millimeter-wave switch with zero static power is also constructed. As shown in Fig. (d), the insertion loss is less
than 2.4 dB, and the isolation is greater than 19 dB in a 1-40 GHz frequency band, demonstrating the potential
application of GeTe thin films in the field of broadband high-performance discrete nonvolatile RF switches.
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