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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 ofjrecommendations forlinternational, 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 canhotf{be jheld qnesponsible’-fortheyway 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'theirnational-and'regional publications. Any divergence between
any IEC Publicationland-the corresponding nationalor regional,publicationsshall-be clearly indicated in the latter.

IEC itself does not provide any attestation ‘ofcconformity.(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.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In exceptional
circumstances, a technical committee may propose the publication of a Technical Specification
when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62607-8-2, which is a Technical Specification, has been prepared by IEC technical
committee 113: Nanotechnology standardization for electrical and electronic products and
systems.
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The text of this Technical Specification is based on the following documents:

Draft TS Report on voting
113/539/DTS 113/562/RVDTS

Full information on the voting for the approval of this Technical Specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62607 series, published under the general titte Nanomanufacturing —
Key control characteristics, 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 "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print'this document'using a colour printer.
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INTRODUCTION

Thermally stimulated depolarization current (TSDC) measurement has been a widely used
method for acquiring information about electric polarization phenomena of various materials
such as dielectrics, ferroelectrics, semiconductors, ceramics, plastics, and other organic
materials for the past several decades. Recently, TSDC measurement became recognized as
a powerful tool to evaluate polarization and depolarization, relaxation time, charge-storage and
activation energy in advanced electronic materials including nano-enabled materials and
devices. Accordingly, a standardized protocol for TSDC measurement will be useful to add
validity to the experimental data for the purposes of productization of nano-enabled materials
and devices. The reference sample for the reproducible TSDC measurement is also important.

This document offers a measurement method to be developed for determining polarization
properties of metal-oxide interfacial devices using TSDC.
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Part 8-2: Nano-enabled metal-oxide interfacial devices — Test method for
the polarization properties by thermally stimulated depolarization current

1 Scope

There are two types of thermally stimulated current (TSC) measurement methods, classified by
the origin of the current. One is generated by the detrapping of charges. The other one is
generated by depolarization. The latter is frequently called thermally stimulated depolarization
current (TSDC). This part of IEC 62607 focuses on the latter method, and specifies the
measurement procedures to be developed for determining polarization properties of metal-oxide
interfacial devices.

This document includes:

outlines of the experimental procedures used to measure TSDC,

methods of interpretation of results and discussion of data analysis, and
case studies.

2 Normative references

The following documents are referred to'in'the’textin’such a way that some or all of their content
constitutes requirementstoflthis 'document.sFor:dated references, only/the’edition cited applies.
For undated references, the latest/ledition-tof’the ‘referenced document (including any
amendments) applies.

ISO/TS 80004-1, Nanotechnologies — Vocabulary — Part 1: Core terms

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 80004-1 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1

device under test

DUT

sample on which to evaluate a specific physical property such as electrical resistance or /-V
behaviour

[SOURCE: IEC 62607-2-1]
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3.1.2

thermally stimulated current

TSC

current flowing through an external circuit connecting to DUT, originated from the electricity
trapped at low temperature and released due to raising temperature

3.1.3

thermally stimulated depolarization current

TSDC

current flowing through an external circuit connecting to DUT, originated from the release of
stored dielectric polarization due to raising temperature

3.2 Abbreviated terms

DUT device under test

TSC thermally stimulated current

TSDC thermally stimulated depolarization current
SrTiO5; strontium titanium trioxide, strontium titanate

4 Measurement of TSDC

4.1 General
411 Measurement system

An accurate and reproducible te'st protecolkof*TSDClis: standardized. Examples of an accurate
and reproducible standardized test protocol of TSDC are shown in Figure 1. In the diagrams,
each sample is attached to the sample holder with (a) upper and lower electrodes or (b) contact
probes. The photos of these sample holders-are’'shown-in Figure 2 a) and b), respectively.
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a) Sample is attached to the sample holder with upper and lower electrodes

Femtoammeter

Voltage source (107"5A~)

= ’fL/.lS G075 770215 Evacuation
https/standards. itgh-di/catalog/standards/sist/aa OS5 HR I flling b 7-842d-

Sample and>a302d7bSamplecchamber)/-5-2-202
holder with temperature controller
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b) Sample is attached to the sample holder with contact probes

Figure 1 — Examples of the experimental schematic diagram of TSDC

IEC IEC

a) upper and lower electrodes b) contact probes

Figure 2 — Photos of sample holders
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4.1.2 TSDC measurement sequence

Examples of temperature control sequence for TSDC measurements are shown in Figure 3 a)
In the case that the polarization is produced by the voltage, the sign of the current depends on
that of the polarization voltage. On the other hand, the sign of the collecting voltage is
considered not to affect the polarity of the polarization current. Therefore, the current of the
depolarization process is obtained by subtracting the detrapped current from the observed
current as shown in Figure 3 b). When the collecting voltage is applied in Cycles 2 and 4, the
background current of the system can be obtained. If difference is evidenced between the
currents of Cycles 2 and 4, it is recommended to check the status of the TSDC measurement
setup to determine the origin of the background current. Furthermore, because the polarity of
the pyroelectric current depends on that of the temperature slope, the difference between
currents at Cycles 3 and 4 is assumed to be the pyroelectric current; in case that the pyroelectric
current is evidenced, the contribution should be subtracted from the measured current [1].

A

Voltage

Polarization Polarization

Cvcle 1 Collecting voltage > 0 at Cycle 1
ycle Collecting voltage < 0 at Cycle 2

0 , | |
L |

Cycle 2
Time
IEC
Detrapping process: icycle 1= icycle ,=2x idetrap
Depolarization process:: icycle QI icyde sITdd
The depolarization current does not depend on the sign of the collecting voltage.
a)
=\
2 Polarization
o
[0]
Q.
IS
@
Time

b)

Figure 3 — Visualization of TSDC measurement sequence
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