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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Nanomanufacturing - Reliability assessment -
Part 3-4: Linearity of output characteristics for metal
contacted 2D semiconductor devices

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall not be held responsible for identifying any or all such patent rights.

IEC TS 62876-3-4 has been prepared by IEC technical committee 113: Nanotechnology for
electrotechnical products and systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

113/920/DTS 113/938/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62876 series, published under the general title Nanomanufacturing -
Reliability assessment, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,

— withdrawn, or

— revised.
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INTRODUCTION

Atomically thin two dimensional (2D) nano-materials are expected to be used for future
electrical sub-systems or electronic device applications.

I-V measurements are the fundamental electrical characterization technique for assessing
reliability of field-effect transistors (FETs) as well as semiconductor device performance.

The performance of the FET is mainly characterized by measuring the output (drain current
as a function of drain voltage at different gate voltages) and transfer (drain current as a
function of gate voltage at different drain voltages) characteristics.

If metallic electrical contacts have negligible effects on electronic transport, output
characteristics show a linear behaviour according to the following formula:

/4@
Iy :'“HTOX[(Vg —Vth)Vd] where /q is the drain current, u,, is the electron mobility, # is the

transport channel width, C,, is the gate oxide capacitance, V' is the gate voltage, Vi, is the
threshold voltage, and V' is the drain voltage, which can indicate ohmic contact. In contrast,

when metallic contact gives rise to high resistance to electronic transport, output
characteristics do not show the linear behaviour, following the formula:

/4®
ID:””TW[(VQ—Vth)(Vd—Id ><2RC)} [1] where R is the contact resistance, which is

interpreted as Schottky contact which can bring about a reliability issue of ohmic-contact
semiconductor transistor operation.

Current transport at the metallic contact of 2D semiconductor material-based FETs mainly
consists of two distinct components: thermal emission where charge injection occurs over
the energy barrier and tunnelling (field emission) where the charge injection occurs through
the barrier formed at the metal-semiconductor interface.

Current transport at the metallic contact of 2D material-based FETs can be limited due to
the van der Waals (vdW) gap that forms at the metal-2D semiconductor interface, creating
a high contact resistance and suppressing current transport of the 2D FETs. However, being
different from 2D material-based FETs, conventional FETs have good ohmic contact and
usually have not had reliability issues in metallic contacts. But 2D materials involving vdW
gap can give rise to uncontrollable Schottky contact leading to a serious reliability issue of
metallic contact. See Figure 1.

In addition, the lack of efficient doping techniques for 2D materials at the metal-
semiconductor junction, also contributes to the high contact resistance and suppressed
current transport, in contrast to 3D bulk semiconductors such as silicon. See Figure 1 for
comparison.

The issues arising from the vdW gap at the 2D material-metal interface and thus the resulted
high contact resistance pose challenges to the reliability of metallic electrical contacts of 2D
FETs. Therefore, we propose a standard method to quantify the reliability of the metallic
electrical contacts by analyzing current-voltage (/-V) characteristics of 2D FETs.
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Figure 1 — Metal-semiconductor (SC) junctions and their respective band diagrams

— Therefore, it is important to obtain accurate current-voltage (/-V) characteristics and to
assess linearity of the I-V output curves, so that reliable 2D FET device operation can be
ensured. The reliability of the devices also needs to be evaluated over an extended time
period.

NOTE Both capital and small letters in subscripts of device parameters are used with no differences each other,
dependent on users (typically device engineers): e.g. I, is the same as [, V|, is the same as V, and V is the same

as Vg'
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1 Scope

This part of IEC 62876 establishes a standardized guideline to assess

— reliability of metallic interfaces

of ohmic-contacted field-effect transistors (FETs) using 2D nano-materials by quantifying
— linearity of current-voltage (/-V) output curves

for devices with various materials combinations of van der Waals (vdW) interfaces.

For metallic interfaces with 2D materials (eg. graphene, MoS,, MoTe,, WS,, WSe,, etc) and
metals (eg. Ti, Cr, Au, Pd, In, Sb, etc), the reliability of ohmic contact is quantified.

For FETs consisting of 2D materials-based channels (eg. MoS,, MoTe,, WS,, WSe,, etc), the

reliability of ohmic contact when varying contacting metal, channel length, channel thickness,
applied voltage, and surface treatment condition is quantified.

The reliability of the metallic contacts is quantified from the linearity of /-V characteristics
measured over extended time periods.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC TS 62607-6-5, Nanomanufacturing - Key control characteristics - Part 6-5: Graphene-
based materials - Contact and sheet resistance: transmission line measurement
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