Theoretical characterization of the Schottky/Ohmic contact between TiN-substate and amorphous materials
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1. Introduction

2. Calculation methods

Use of metallic TiN as an electrode in highly efficient electronic devices inevitably involves contact
with appropriate semiconductor components where the nature of interfacial contact plays a crucial
role in controlling the power efficiency. Here, based on the density functional theory calculations,
we systematically study the key contact properties between TiN electrode and amorphous
semiconductors, including a-GeSe and a-Carbon (a-C) amorphous materials. Two deposited a-GeSe
amorphous thicknesses, of 1 nm and 3 nm, are considered to emulate the experimental samples.

Our calculations were carried out using the quantum espresso package, which implements density
functional theory (DFT) with pseudopotentials and planewave basis set. We employed classical
molecular dynamic simulations to build the amorphous slabs. We adopted the van der Waals density
functional (vdW-DF2-b86r) for the exchange-correlation functional. Inverse participation ratio (IPR)
was used to characterize the localization of in-gap electronic states.

3. Selected Results
The side views of the simulated interfaces between TiN and a-GeSe (a-C) amorphous structures show the most stable configurations of representative heterostructures. We focus on the two
TiN(100) and TiN(111) surface orientations, since they are the most stable ones. D is the equilibrium vertical interlayer spacing between TiN surfaces and a-GeSe (a-C) slabs, and Eb is the
corresponding binding energy. The calculated values are summarized in the Table. The geometric rearrangement, upon building a heterostructure stack, also induce a significant dipole
moments (µa-C/a-GeSe) inside the amorphous component.
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The band alignment between separated subsystems indicates that, at an infinite interlayer
distance:
§ TiN(111) would form p-/n-type Schottky-like barriers with a-GeSe and a-C in a
heterostructure stack.
§ WTiN(100) is higher than CB tails of a-GeSe and a-C, implying the formation of an n-type
Ohmic-like barrier.

§ The density of states and IPR demonstrate that the electronic structures of amorphous
freestanding slabs characterize by a mobility band gap with a large number of trap states.
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§The interface binding energy and vertical interlayer distance show that the amorphous
materials interact strongly with TiN surfaces thought a chemical bonding.

The Schottky barrier height is calculated as:
For electrons : Φn = WM − χ + ∆V
For holes :

Φp =Eg- Φn

WM : the work function of clean TiN surafces
χ : the electron affinity of a-GeSe/a-C
∆V : the potential step across the interface (WTiN/a-GeSe-WTiN).

The ∆V step is also a summation of several contributions:
∆V=∆VTiN + ∆Va-GeSe/a-C+BD
∆VTiN: the contribution from the induced net electric field in the substrate.
∆Va-GeSe-a/a-C: the contribution from the induced net electric field in the slabs.
BD : the contribution from the induced dipole because of the interface charge density rearrangement.

4. Conclusions
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The results indicate that the interfacial contact between TiN electrode and a-GeSe is
characterized by a Schottky type contact and that the Schottky barrier height (SBH)
can be tuned by changing the thickness of a-GeSe slab as well as the TiN surface
orientation. In contrast, the a-C forms an Ohmic contact in line with experimental
characterizations. These can be mainly rationalized by the effect of dipole-dipole
interfaction across the interface.
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