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Abstract – New IEC technical specifications, for the
standardized assessment of the sheet resistance RS of
monolayer graphene, recently published in June 2023
are here presented. These new standards of the series
IEC TS 62607-6-xx describe protocols for the applica-
tion of the contact methods i) in-line four point probe
and ii) van der Pauw. The general IEC context of the
main development steps for standards and and exam-
ple of the scientific experiments used as input for the
standard development are also presented.

I. INTRODUCTION
Once graphene was unambiguously isolated in laboratory
in 2004 [1], immediately academic research focused on its
basic properties and industry begun to develop and place
on the market several types of graphene and related prod-
ucts. The field progressed on even more encouraging re-
sults since the first evidence on academic journals of large-
scale graphene synthesis [2] by chemical vapour deposi-
tion (CVD) in 2009. Still today, graphene used in aca-
demic research is hardly comparable to the raw materials
offered by the industrial providers. Even within the same
laboratory or industrial firm, repeatability and definition
of materials’ representative parameters (key control char-
acteristics) is an issue that still holds. In fact, many avail-
able synthesis processes – such as mechanical exfoliation,
chemical vapour deposition and reduction of graphene ox-
ide dispersion, yield “graphene” with very different prop-
erties: graphene synthesized in labs rather than the one
produced in industry has flakes of different size, possibly
containing several types of defects and chemical contam-
ination; research on scalable graphene is indeed facing a
reproducibility gap [3].
For a successful uptake of products involving graphene and
related materials, the availability of international standards
is essential to define the key material properties and the
appropriate measurement protocols. Within this frame-
work, at the International Electrotechnical Commission,
the Technical Committee 113 “Nanotechnology for elec-
trotechnical products and systems” (IEC/TC 113) added
the standardization of graphene and related materials into

its work programme as early as 2012. The task was allo-
cated to the Working Group 8 “Graphene related materi-
als/Carbon nanotube materials”. Currently, 36 graphene
standards either published or under development within
the IEC/TC 113. This TC established a liaison with the
GRACE 1 research consortium [4], and since 2017 several
standards about the electrical characterisation of graphene
were initiated within this interaction, see the BOX 1 below.

BOX 1 - Standards Titles
IEC TS 62607-6-10:2020 Nanomanufacturing -

Key control characteristics - Part 6-10:
Graphene - sheet resistance: Terahertz time-
domain spectroscopy.

IEC TS 62607-6-7:2023 Nanomanufacturing
- Key control characteristics - Part 6-7:
Graphene - Sheet resistance: van der Pauw
method.

IEC TS 62607-6-8:2023 Nanomanufacturing
- Key control characteristics - Part 6-8:
Graphene - Sheet resistance: in-line four-
point probe.

IEC TS 62607-6-25 Nanomanufacturing - Key
control characteristics - Part 6-25: Two-
dimensional materials - Variation of dop-
ing concentration: Kelvin Probe Force Mi-
croscopy.

IEC TS 62607-6-10:2020 has been already published in
2020 [5], IEC TS 62607-6-7 and IEC TS 62607-6-8 have
been published in June 2023 [6, 7], while IEC TS 62607-
6-25 is scheduled for 2024 [8]. The technical input for
the establishment of the new work item proposals that are
now the presented draft/published technical specifications,
emerged in good part from the interaction between the

1EMPIR 16NRM01 GRACE “Developing electrical characterisation
methods for future graphene electronics”. EMPIR is the European
Metrology Programme for Innovation and Research, funded by EU-
RAMET, the European Association of National Metrology Institutes.

64



GRACE research consortium an IEC/TC 113. Concern-
ing the scientific and experimental work that backed the
standards development, it is worth mentioning that the li-
aison between IEC/TC 113 and GRACE consortium did
not restrict the publication of scientific results. In fact,
within the GRACE project time span, two good practice
guides [9, 10] and several papers about characterisation
of graphene (e.g. [11, 12]) were published as open source
documents by the GRACE consortium.
In the following and at the conference, the new stan-
dards IEC TS 62607-6-7:2023 (in-line four point probe
method) [6] and IEC TS 62607-6-8:2023 (van der Pauw
method) [7] will be presented and their technical back-
ground discussed.

II. GRAPHENE KEY CONTROL
CHARACTERISTICS

A key control characteristic (KCC) is a property of a ma-
terial or an intermediate product that can affect the safety
or the compliance with regulations, performance, quality,
reliability or subsequent processing of the final product.
Graphene related KCC include mechanical (elastic mod-
ulus), electrical (carrier density, carrier mobility, sheet re-
sistance), chemical (metallic impurity content) and biolog-
ical (skin sensitisation) ones. KCC may or may not already
have been assigned a corresponding standard for their mea-
surement. Some basic KCC are considered mandatory by
IEC for all types of graphene and related material. For ex-
ample, the indication of the availability of the safety docu-
mentation (MSDS data) or the manufacturing method. On
the other hand, different forms of graphene may require
different subsets of KCC to be defined. In the case of
chemically exfoliated graphene oxide dispersion, the KCC
Carbon-Oxygen ratio (C/O) is considered relevant (it shall
be characterised following the standard IEC TS 62607-06-
21:2022 [13] wherever needed). The same does not hold
for chemical vapour deposited monolayer graphene, for
which the KCC sheet resistance (RS) is relevant instead;
CVD graphene shall be characterised following available
standards of the series IEC 62607-06-xx , e.g. IEC TS
62607-06-23 (Hall bar method) or the recently published
IEC TS 62607-06-8 (van der Pauw method).

III. IEC STANDARDS DEVELOPMENT PROCESS
The development of the standards IEC TS 62607-6-7 and
IEC TS 62607-6-8 followed the IEC workflow (see Sec.
2.1.3.1. in [14]). The main development stages are sum-
marized in Fig. 1, the document types abbreviations are
reported in the BOX 2. The process starts at the prelimi-
nary stage, with a standardisation topic of potential inter-
est presented by either a TC member or an invited external
expert. The topic eventually becomes a Preliminary Work
Item (PWI) and is discussed at TC level within the pro-
posal stage. If approved, the PWI becomes a New Work

Item Proposal (PNW) which is then assigned a project
leader (usually the author of the proposal itself); a project
team (PT) is also formed on the basis of voluntary par-
ticipation of other TC members. The PT works on a first
working draft (WD) of the technical specification. When
the WD prepared at PT level is considered mature enough,
the technical discussion proceeds, at TC level, during the
committee stage by iterative editing of the committee draft
(CD) versions of the standard. During the technical dis-
cussion, the PT meet periodically, resolving the TC com-
ments to the CD, eventually adding experimental and the-
oretical elements to bolster the document; the committee
stage may take several iterations before the document is
considered ready for the approval stage, where Draft Tech-
nical Specification (DTS) is considered in terms of techni-
cal contents (a DTS may also be returned to the CD stage
for solving technical flaws). Once the technical discussion
is concluded, two cases may occur. For Technical Spec-
ifications (lower level of consensus required) the DTS is
approved for publication (APUB); at a higher level of con-
sensus (required for International Standards) the DTS is
approved as Committee Draft for Vote (CDV) and later, if
the vote is positive, as Final Draft International Standard
(FDIS) which enters the publication stage. Editorial and
copyright revision is made on APUB documents, prior the
publication as IEC documents. Each IEC standard is as-
signed a stability date, within which the document can be
confirmed, revised, or withdrawn.

BOX 2 - Abbreviations
TS Technical Specification;

IS International Standard;

PWI Preliminary Work Item;

PNW New Work Item Proposal.;

WD Working Draft;

CD Committee Draft;

DTS Draft Technical Specification (TS);

CDV Committee Draft for Vote (IS);

FDIS Final Draft International Standard (IS);

APUB Approved For Publication;

IEC Published standard;
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Committee (CD)

Preliminary (PWI)

Proposal (PNW)

Preparatory (WD)

Approval
(DTS / CDV, FDIS)

Publication (APUB, IEC)

Fig. 1. Stages for the development of IEC standards. Ab-
breviations are defined in BOX 2. The circulating arrows
enclosing ”Committee” and ”Approval” represent stages
where iterative discussion and revision typically occur.

IV. NEW IEC STANDARDS FOR GRAPHENE
SHEET RESISTANCE

CVD graphene is of particular interest for the development
of new graphene based electronics, electrotechnical prod-
ucts, integration in established fabrication processes and
sensors. Concerning this type of graphene, the new stan-
dards IEC TS 62607-6-7 [6] and IEC TS 62607-6-8 [7],
describe standardized measurement protocols for the as-
sessment of graphene’s KCC sheet resistance RS by means
of contact methods, respectively the four in-line probe
(4PP, [15]) and the van der Pauw methods (vdP, [16]) and
represent complementary standards to others of the same
series describing non-contact methods (e.g. [5]). The
sheet resistance, RS, is a quantity which can be used as
global measure of the local conductivity of a sample with
finite geometrical dimensions. In order to check the re-
peatability of the electrical properties of graphene, RS is
considered a KCC for monolayer CVD graphene. IEC
standards TS 62607-6-7 and TS 62607-6-8 explain how to
apply standardized methods on large area (mm2 to cm2)
CVD graphene on rigid insulating support and how to per-
form a reliable estimation of the sample RS and the mea-
surement uncertainty, also considering the non-ideal nature
of large-area commercial graphene. These two standards
give instructions about i) how to prepare and store sam-
ples, ii) the required instrumentation specifications, iii) the
ambient conditions within which the measurements shall
be performed, iv) the standardized procedure to follow to

Fig. 2. A graphene sample is standing on an insulating
glass slab placed on the balance plate. The test probe is in
contact on the sample, while the lever indicator is placed
in contact with the glass slab to measure the balance plate
vertical displacement.

perform the measurements, and v) the interpretation and
reporting of the results.

V. EXAMPLE OF SCIENTIFIC BACKGROUND
PROVIDED TO THE PRESENTED STANDARDS

An example of scientific evidence provided IEC/TC 113
for the IEC TS here considered is given in the following.
Here is briefly described one of a series of experiments
performed during the TS development process, aimed to
check the quality and the effect of purely mechanical elec-
trical contacts on CVD graphene to perform multi-terminal
electrical measurements. The use of this type of con-
tacts was desirable to avoid any additional fabrication pro-
cess that would certainly alter the pristine material condi-
tions. To this aim, a custom probe provided of four equally
spaced spring-loaded tips with round head profile was used
to perform four terminal resistance measurements. The
setup also included a digital balance (Sartorius LP8200S)
a lever indicator (Mitutoyo 513-404), a 3-axis moving tool
and position indicator (Anilam SENC 125 linear transduc-
ers, Anilam Wizzard 411 visualizer). An HP 34401 was
used in 4-wire (4W) configuration to perform resistance
measurements R4W (from which RS can be calculated).
4W resistance is measured by applying current through the
outermost tips of the test probe and measuring the voltage
drop between the two innermost tips. The probe standing
on the graphene sample, the lever indicator and the bal-
ance plate are shown in Fig. 2. The sample was cut from
a 4 inches wafer of commercial CVD graphene on Silicon
(Pi-Kem Ltd., UK). The wafer was Boron-doped Silicon
with thermal oxide coating, with graphene placed on the
polished side of the wafer. The tests were performed to
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Fig. 3. 4-wire resistance measurements R4W performed
on the graphene sample. Error bars representing the type
B uncertainty are not shown because negligible in compar-
ison with the vertical axis range. The maximum Z for the
used tips is 2.5mm.

check the stability and repeatability of the contacts, mea-
suring both the probe spring displacement Z and the re-
sulting weight, while measuring the electrical resistance.
The net displacement Z of the tips springs was calculated
by subtracting the displacement of the balance plate to the
total probe displacement measured by the moving tool.
The total applied weight to the sample (proportional to
the spring force) was measured by means of the weight-
ing scale placed under the glass slab supporting the sam-
ple. The 4W resistance R4W was measured at 8 different
spring Z, in the range 0 µm to 1155 µm (where the posi-
tion 0 µm corresponds to the probe making electrical con-
tact with the graphene) to check whether the applied force
influenced the contact quality, and to assess the damage
induced by the probe on the graphene layer. The 4W resis-
tance measured placing the probe at the center of the sam-
ple was R4W = 158.65Ω±0.85Ω. The type B uncertainty
calculated from the measuring instrument’s specifications
was of the order of 0.05Ω. The small standard deviation of
the measurements suggests that the effect of the spring dis-
placement was not critical. Results of this measurements
are reported in Fig. 3. The plot shows the larger change in
R4W occurring at small Z, up to about 300 µm, reasonably
because the contact is still weak, then the readings stabi-
lize with a slight increment up to the larger considered Z.

After the electric measurements, SEM micrographs were
acquired to assess the damage produced by landing the test
probe on the sample. The footprint of one of the tips, after

Fig. 4. SEM micrograph of one of the landing spots of the
test probe tips on the graphene sample. Graphene grain
boundaries and multi-layer seeds are visible as darker pro-
files and spots. In the center, a footprint of the probe tip is
visible. Sign of shear displacement of the tip is visible in
the lower part of the footprint. Lighter gray represents ar-
eas where graphene was scratched away for the support
and Silicon thermal oxide appears.

reaching the maximum Z is shown in Fig. 4. The scratched
area is about 20 µm×20 µm, which is reasonably of the or-
der of the round tip footprint itself. Moreover, at least two
different types of damage can be observed: i) areas where
graphene was pealed away, in the center of the landing spot
(insulating thermal Silicon oxide appears brighter in SEM
micrographs), and ii) a few linear shear scratches, at the
bottom of the spot probably due to lateral movement of
the probe tip. The R4W increment in plot of Fig. 3 could
be ascribed to the increasing damage produced by the un-
avoidable lateral displacement of the probe. This and other
similar tests (e.g. repeatability of the contacts by raising
and landing repeatedly the probe on the same spots) sug-
gested that mechanical contacting on monolayer graphene
sheets on rigid supports was a viable method to be used
in standardized protocols, also considered that commer-
cial test probes already available on the market could be
directly employed for the task by most laboratories.

VI. CONCLUSION
The laboratory exploration of new concepts based on orig-
inal ideas is absolutely valuable for the scientific progress,
nevertheless, standardization is fundamental to bring sci-
entific advances into production. The presented new stan-
dards IEC TS 62607-6-7 and IEC TS 62607-6-8 for the
electrical characterisation of CVD graphene can contribute
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to the establishment of shared good practices and standard-
ized measurement protocols respectively in research labs
and industry.
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