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Neuromorphic Computing
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* High power consumption
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Phase Change Materials

Low/long current or laser pulse
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high resistance
low optical reflectivity
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Phase Change Heterostructures

Interfacial PCM

* Lowering of Ry, and |

reset

incresing interfaces number
* Role of vdW gap

* PCM/TMDs heterostructures: TiTe, as
Confinement Material (CM)
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Phase Change Heterostructures

e Strong Ti migration and

segregation

Not perfect interface!
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Experimental setup

* Growth via Molecular Beam Epitaxy
* Molecular regime: no interaction before absorption on substrate
* Co-evaporation of different elements : Ge, Sb, Te, In, Ti
* Realization of high quality crystalline samples

* Van der Waals epitaxy: exploitation of vdW gaps inside materials
to allow a less costrictive growth (mismatch allowed up to 45%)

Materials growth rates:
* TiTe,: 0.1 nm/min
* Sh,Te;: 0.6 nm/min
* GST:0.7 nm/min
) s * IGT: 0.7 nm/min
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Epitaxial films growth
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Bilayers growth

High Resolution-Transmission Electron Microscopy (HR-TEM)
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* Highly oriented sample
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TiTe,-Sb,Te, Bilayer

30 min @400 °C

HR-STEM

Faint TiTe, TL

Clear Sb,Te; QL
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TiTe,-Sb,Te, Bilayer

120 min

30 min
—3 Min
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The kinetics of Ti migration determines the
stability of the bilayer




TiTe,-GST systems

As grown

x8 BL

pd

8.0r
6.0

EE)
<«

Ti migration towards first TiTe, Ti migration in GST
layer increasing Ti signal layers

£vO1 X S1UNo)

14



TiTe,-GST systems

Take home messages

¢ Kinetics play a key role in heterostructures stability

% GST/TiTe, heterostructures operate also with poor
structural stability Cohen, G.M. et al., PSS RRL 2300426 (2024)

¢ Study of interaction among Ti and GST




Ti-doped GST
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Intensity (arb. units)

Ti-doped GST

X-Ray photoemission Spectroscopy (XPS)
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In-based PCMs
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Higher crystallization temperature, up to
250 °C for In;Sb,Te,

Saxena, Nishant, et al Scientific
reports 9.1 (2019): 19251.
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Huge contrast in resistivity values among amorphous and
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Layered structure for InGeTe, (IGT-113)
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Materials 10.1 (2024): 189. 19



Intensity (arb. units)
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Evidences of layered structure in IGT-113

* Presence of (00l) peaks as most intense peaks confirm high orientation of the samples
* Crystallization temperature between 200 °C and 225 °C



Normalized Intensity

Crystallization of InGeTe,
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Avrami model allows an interpretation of the crystallization process

K follows an Arrhenius-Like law
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What’s next?

e Ge absorption edge- IGT @195 °C Experiment MA6822
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 X-ray absorption (EXAFS) measurements to investigate the coordination of atoms during phase transition
(amorphous to crystalline)

* Ongoing data analysis )



Conclusion

* Growth of high quality and oriented epitaxial TiTe,, Sb,Te;and GST
single layers and heterostructure: thermal stability has been tested

M‘Emﬁ ¢ m » The effect of Ti incorporation in GST matrix has been investigated
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TiTe,-Sb,Te, Bilayer

In situ X-Ray
Photoemission Spectroscopy Mg Ka=1253.6 eV

24 ML Sb 3d3/2,l5/2 |
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Te 3d;,, 5/,
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1ML

Si0,/Si(111)

Wi
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» Step-by-step growth and characterization
on Si substrate
* Fitting deconvolution of the contributions of
i the two layers
‘ * No Intermixing phenomena and Sb
‘ migration detected at the interface
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Counts (arb. units)

TiTe, —Sb,Te; annealing

Symmetric w/206 XRD
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Epitaxial films

* Sb,Te,
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* Epitaxial Sb,Te; can be obtained for Ty,.opp < 250 °C

« Composition evaluation from Te and Sb core levels via XPS:

Sb:Te=2.2:3.1

Xi

I;/S;

2 (Ii/ Si)

S, from C.D.Waghner, et al., Surf.

Interfaces Anal.(1981)
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Epitaxial films

° G ST Bragaglia, V. et al. AIP Advances 7.8 (2017).
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Epitaxial films

* TiTe,

Tyrown= 240 °C

[T82nm
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* Epitaxial TiTe, can be obtained for T,y tn > 450 °C
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Epitaxial bilayers

Intensity (arb. units)

For 30 min
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Extinction of Te modes after 400 °C annealing
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Bilayers growth

High Resolution-Transmission Electron Microscopy (HR-TEM)
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« Sharp interface between
TiTe, and PCMs

* Evidence of trilayers and
quintuple layers

¥ No intermixing or

segregation
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TiTe,-GST systems

. EpltaX|al growth of Sb,Te,/TiTe, and GST/TiTe, systems

AT TR

Symmetric w/26 XRD mTiTe, @350 °C
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As grown

0/20 (°) * TEM images

« GST and TiTe, diplays out-of-plane orientation with clear evidence of MLs @RT

X No evidence of TiTe, and TLs upon annealing !!!
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InGele,
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