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INTERNATIONAL ELECTROTECHNICAL COMMISSION
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Part 5-1: Thin-film organic/nano electronic devices —
Carrier transport measurements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz-tio: con. >rising
all national electrotechnical committees (IEC National Committees). The object of IEC ‘s tc r.omote
international co-operation on all questions concerning standardization in the electrical and electrcic fields. To
this end and in addition to other activities, IEC publishes International Standards, Techrical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter rei>rred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National < ~r mittee interested
in the subject dealt with may participate in this preparatory work. International, g>vernriental and non-
governmental organizations liaising with the IEC also participate in this preparatio. . IE({. coiiaborates closely
with the International Organization for Standardization (ISO) in accordance /win cc..ditions determined by
agreement between the two organizations.

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

3) IEC Publications have the form of recommendations for intemnatic nal se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are.ma.'e tc.~lisure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible .ar ti 2 way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natior.n| C mmittees undertake to apply IEC Publications
transparently to the maximum extent possible in their nauonal and regional publications. Any divergence
between any IEC Publication and the correspondirg national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation <f confu.mity. Independent certification bodies provide conformity
assessment services and, in some areas, < cec’ to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certil c7uon bodies.

6) All users should ensure that they hae 1. e latest edition of this publication.

7) No liability shall attach to IEC oiits (lirectors, employees, servants or agents including individual experts and
members of its technical comrii.’2,es cad IEC National Committees for any personal injury, property damage or
other damage of any nature wnat*soever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of. he :ttication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn t> the Normative references cited in this publication. Use of the referenced publications is
indispensable for the v ~rrict application of this publication.

9) Attention is d'a.n to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. 'EC hall not be held responsible for identifying any or all such patent rights.

The main tack of IEC technical committees is to prepare International Standards. In
excepticnal circumstances, a technical committee may propose the publication of a technical
specifica’on 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 62607-5-1, 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:

Enquiry draft Report on voting
113/212/DTS 113/221/RVC

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 publication 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 ‘itle
Nanomanufacturing key control characteristics, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unc'anger. until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" 1. the data
related to the specific publication. At this date, the publication 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/covel page of this publication indicates
that it contains colours which are consi'er:d to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.

A bilingual version of this publicetio.» may be issued at a later date.
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INTRODUCTION

Organic/nano thin-film devices have many attractive features such as being light-weight and
flexible, and having a low-cost, low-temperature fabrication process. Organic/nano electronic
devices have been widely researched by academic institutions, research institutes, and
materials and device industries. One of their possible applications is therefore expected to be
in flexible and rollable devices. Many thin-film transistors based on organic semiconductor
materials, called organic thin-film transistors (OTFTs), are expected to be mounted on organic
electroluminescence display to drive each organic light-emitting diode pixel circuit. These
OTFTs are also promising candidates for molecular nanoelectronics.

OTFTs show a relatively smaller carrier mobility (thin-film mobility: at most 10 cm2/Vs; but
usually less than 1 cm?2/Vs) compared with other thin-film transistors based on inc:qaiic
semiconductors (silicon, IlI-V compounds, metal oxides). Carrier transport properties cuc: as
thin-film mobility and thin-film carrier concentration in OTFTs are usually measu ed hy s mply
applying the device physics of silicon metal-oxide-semiconductor transistors to ‘= TF.z. Both
the intrinsic bulk mobility of organic semiconductors and extrinsic effects such a: contact
resistance, carrier trap, interface, and surface state can limit thin-film motility in OTFTs.
Therefore, reliable methods of evaluating carrier transport properties for \.=10ometer-scale
thin-film materials have not yet been established and urgently need to ke develoed.
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KEY CONTROL CHARACTERISTICS -

Part 5-1: Thin-film organic/nano electronic devices —
Carrier transport measurements

1 Scope

This part of IEC 62607, which is a Technical Specification, provides a standardized somp'e
structure for characterizing charge transport properties in thin-film organic/nano eicctrunic
devices and a format to report details of the structure which shall be proviied wit . the
measurement results. The standardized OTFT testing structure with a contaci-2reaiimited
doping can mitigate contact resistance and enable reliable measurement of the charge carrier
mobility. The purpose of this Technical Specification is to provide test sampl» structures for
determining the intrinsic charge transport properties of organic thin-film davicez The intention
is to provide reliable materials information for OTFTs and to set guicelinus fo - making test
sample structures so that materials information is clear and. crnsisi=2ut throughout the
research community and industry.

2 Normative references

The following documents, in whole or in part, are noc.ma.'ve:, referenced in this document and
are indispensable for its application. For dated referei ces, only the edition cited applies. For
undated references, the Ilatest edition of t'ie reierenced document (including any
amendments) applies.

IEC 60050 (all parts), Internationa’. " FElectrotechnical Vocabulary (available at
http://www.electropedia.org/)

IEC 62860, Test methods for the charc~*crization of organic transistors and materials

3 Terms, definitions un:i abbreviations

For the purposes of this ('ocument, the terms and definitions given in IEC 60050-521 as well
as the following apji .

3.1 Terms. an.' definitions

3.1.1

organic thin-tilm transistor

OTF+

fiela effec’ transistor that has a conduction channel made of thin films consisting of organic
cempounus

3.1.2
thin-film mobility
charge carrier mobility of the conduction channel (the semiconductor layer) in an OTFT

3.1.3

contact-area-limited doping

doping at around interface regions between the source and drain electrodes and the
conduction channel in an OTFT
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