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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 8-3: Nano-enabled metal-oxide interfacial devices —
Analogue resistance change and resistance fluctuation:
Electrical resistance measurement

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz: ‘on ¢ ~.prising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote ‘nternational
co-operation on all questions concerning standardization in the electrical and electronic fieiis. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specificatinns, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEZ Puc!' zation(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested .~ the ¢ ubject dealt with
may participate in this preparatory work. International, governmental and non-governni >nta organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely witi tte . teriational Organization for
Standardization (ISO) in accordance with conditions determined by agreement . >twe :n the two organizations.

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

3) IEC Publications have the form of recommendations for inteinaticnal  se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are: mac= to =uisure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible i>r ti.> way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nation ! C.,mmittees 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 nationz' or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of cunfurmity. Independent certification bodies provide conformity
assessment services and, in some areas, ac:ass tu IEC marks of conformity. IEC is not responsible for any
services carried out by independent certifi_a. on v udies.

6) All users should ensure that they have the atest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical commitic2s < nd IEC National Committees for any personal injury, property damage or
other damage of any nature w: atsocver, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the rubl'cation, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to u.> Nu-mative references cited in this publication. Use of the referenced publications is
indispensable for the corre ct application of this publication.

9) IEC draws attention tc the possibility that the implementation of this document may involve the use of
(a) patent(s). .ex takes nu 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 | ~quired to implement this document. However, implementers are cautioned that this may not
represent ti.» latest information, which may be obtained from the patent database available at
https:i ‘patents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

'EC TS 6.607-8-3 has been prepared by IEC technical committee 113: Nanotechnology
swondardization for electrical and electronic products and systems. It is a Technical
Joecification.

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

Draft Report on voting

113/743/DTS 113/767/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.
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The language used for the development of this Technical Specification is English.

A list of all parts in the IEC 62607 series, published under the general title Nanomanufacturing —
Key control characteristics, can be found on the IEC website.

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.

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 tc the
specific document. At this date, the document will be

e transformed into an International standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover age of this document indicates
that it contains colours which are considered to bc us ful “or the correct understanding
of its contents. Users should therefore print thic. do ~un.ent using a colour printer.
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INTRODUCTION

Nano-enabled metal-oxide interfaces, such as an oxide nanolayer sandwiched by metal
electrodes, are the essential components of 10T devices for computing. Nano-enabled functions
derived from the nanoscale metal-oxide interface and the oxide nanolayer appear, such as a
significant change in electrical resistance. The analogue resistance change is the typical
characteristic which possesses the large potential for non-von Neumann information processing.
More concretely, the metal-oxide interfacial device is an indispensable element in the product-
sum circuit that records the learning process as the analogue resistance change. In the
research community, however, the analogue change and the fluctuation of the resistance have
not yet been systematically investigated. The reason why systematic research and development
is not progressing is that the measurement protocol of these characteristics is not quantitative.
The bottleneck impedes not only the electrotechnical evaluation of the device but a'so
developments for various applications.

This document offers a measurement protocol of the analogue resistance chaiae ciid the
quantitative index to evaluate the linearity of the analogue resistance change in nanc-enabled
metal-oxide interfacial devices.
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NANOMANUFACTURING -
KEY CONTROL CHARACTERISTICS -

Part 8-3: Nano-enabled metal-oxide interfacial devices —
Analogue resistance change and resistance fluctuation:
Electrical resistance measurement

1 Scope

This part of IEC 62607, which is a Technical Specification, specifies a measurement p.otoczol
to determine the key control characteristics

— analogue resistance change, and

— resistance fluctuation

for nano-enabled metal-oxide interfacial devices by

— electrical resistance measurement.

Analogue resistance change as a function of applied voltage nL!se is measured in metal-oxide
interfacial devices. The linearity in the relationship of the va~iatic » of conductance and the pulse
number is evaluated using the parameter fitting. The para.neter of the resistance fluctuation is
simultaneously computed in the fitting process.

— This method is applicable for evaluating comy uting devices composed of the metal-oxide
interfacial device, for example, product-sum circiics, which record the learning process as
the analogue resistance change.

2 Normative references

The following documents are referrod wein the text in such a way that some or all of their content
constitutes requirements of this a>cu.nent. For dated references, only the edition cited applies.
For undated references, the !a.est edition of the referenced document (including any
amendments) applies.

ISO 80004-1, Nanotrc2no'ngies — Vocabulary — Part 1: Core vocabulary

3 Terms, dei’nitions, acronyms, and abbreviated terms

3.1 Terms and definitions

FC- tna.rurposes of this document, the terms and definitions given in ISO 80004-1 and the
fellowing « pply.

ICO and IEC maintain terminological databases for the 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
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