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[1] Resistance and Resistivity
~TFor more precise control of materials ~

As science and technology advance, the ability to
precisely, quickly and simply control materials is being
increasingly demanded in such fields as research and
development, production engineering, and quality
control. Until now, resistance (£1) has been widely
used as an index for indicating the various states and
properties of materials. However, resistance varies with
a material's shape, size, measuring position, etc.
Accordingly, volume resistivity (£2+cm) - absolute
values of materials - are gradually coming to be used in
place of resistance. The time is changing from
resistance to resistivity.

Simply stated, resistivity is calculated by multiplying
the measured resistance () by a Resistivity Correction
Factor (RCF). Ordinaly, it takes much effort and trouble
to calculate the correction factor, which changes with
conditions, for a particular sample. However, all of the
Mitsubishi Chemical's resistivity meters and systems can
easily measure a material's characteristic resistivity in a
short time.
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"Resistivity" is a simple index for classifying all the
materials in the world.

®Resistance varies, but resistivity is an absolute value, unique for each material.
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"Q" or "Ocm” -which will you use for evaluating materials?
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[2] The Relationship between Resistance and Resistivity (MCC Method)

~The key is the Resistivity Correction Factor (RCF) ~

®Resistance (R)

When a current (I) flows through a material,the electrical
resistance causes a potential difference (V) between the
current entering and exiting. The formula that expresses this
relationship is Ohm's Law.

; VIV]
Resistance R[Q] =
ITA]

@®Volume Resistivity {pv)

Express the resistance per unit volume of a sample.

"Volume resistivity" is also called "specific resistance"or

"resistivity”.

"Volume resistivity " is the term of mostly used in the field of
materials, "specific resistance" is frequantly used in physics.
The unit is "{km"read "ohm centimeter”. Each material has a
single characteristic value for volume resistivity.

Volume Resistivity pv[Q-cm]
=R[Q] x RCF X t[cm]

@®Surface Resistivity (ps)

Express the resistance per unit surface of a sample.

"Surface resistivity" is also called "sheet resistance.” The unit
is "Q2". However, to distinguish from resistance, it is written "
/or"0/sq.".

Since surface resistivity varies with the sample thickness, it is
often used in such fields as paint and thin films.

Surface Resistivity ps[Q/sq.]
=R[Q] X RCF =pv x

®Resistivity Correction Factor (RCF)

Generally, resistance is measured by holding a metallic
electrode(4-pin probe) against the sample surface. Volume
resistivity and surface resistivity are calculated by mutiplying
resistance by the Resistivity Correction Factor determined
according to the sample's shape, size and measuring position.

It can accurately be calculated with Poison's equation, a
formula used in electromagnetic potential.
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"Conductivity" is the inverse of volume resistivity. It is also
called "electrical conductivity" or "specific conductivity".

Conductivity o[S/em] = o

The unit is"S/cm" read"siemens per centimeter”.

@®Poison's equation
v2d(r)=2 pvl [ §(@rD)-6(rrA)]

[3] Calculation of Resistivity (Conventional Method)
~Resistivity is an absolute value of materials ~

potential difference
(v

Thickness t

electrode

Resistance R [Q ]% [[X]]

Volume Resistivity pv[Q-em] = R[Q] X g X t

Surface Resistivity ps[Q/sq.] = R[Q] X g =pv X !

t



[4] Low and High Resistance
~106£2 marks the dividing line ~

The resistance of materials extends over an extremely wide range. However, it can be divided into low and high resistance, for
each of which different measuring methods are used. The measuring methods and standards are as stated below.

@® Low and High Resistance

Low resistance High resistance
Range 10°Qor less 10°Cor above
Maasiiriia method Constant current method Constant voltage method
9 (A constant current is supplied to the sample.) (A constant voltage is supplied to the sample.)
4-terminal method ,precise measurement 3-electrode method(ring electrode),
Features oo o
reproducibility given top priority
Standards ISO 1853 ISO 2878 ASTM D 991 ISO 2951 ASTM D 257 JIS K 6911
i JSK7194  JISR1637
EMI shield materials Antistatic films, antistatic packages
Conductive plastic, conductive rubber Building materials
Conductive paints, conductive paste, Packing materials
Conductive ink Plastic, rubber
Anblicati Conductive ceramics Paper
RRlGHloNG Metallic thin films Fiber
ITO glass, ITO films Ceramics
Conductive carbon
Ferrite
Silicon wafers
4-pin probe method Ring probe method
MCC method Loresta GP Hiresta UP
Loresta EP
Similar method Digital multi-meter Electro-meter

[5] Measurement of Low Resistivity
~Mitsubishi Chemical's resistivity meters for low resistivity materials ~

When a measured sample is a small size, its quality is supposed to MCP probe to keep pressure, inter-pin distance, and contact area
be stable. However, haven't you ever had the experience that the constant. Measurements that are unaffected by contact resistance,
measured values nevertheless become bigger? Mitsubishi Chemical's lead-wire resistance, or connector resistance, For highly precise,one-
low resistivity meters, the Loresta Series, make it possible to measure touch measurement of resistance, surface resistivity, and volume
resistivity without any effect from their size or edges. These meters, resistivity, these low resistivity meters are unsurpassed.

developed according to 4-pin probe theory, use a spring-contact

@® Conventional Method @ Electric energy @ Electric Field for
4-pin Probe

electric electric
energy energy
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@®Comparison of Resistance
by Measuring Method

1 2-terminal method
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M 4-terminal method

Lead-wire

resislance
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Contact resistance;Resistance between probe pins and sample surface

@®Comparison of 4-pin Probe Method
and 4-terminal Method

4-pin probe method

4-terminal method
(conventional method)

Sample None Process into bar shape
Preparation

Electrode None Prepare electrode with paste
Measurement | By Loresta Series Current source and voltmeter
Conversion to | Disk and rectangular Bar shaped

resistivity

Applications Resistivity distribution, etc. | None

Valuation Easily measured Preparation time required

@Effects of Measuring Position, Sample Size, and Sample Thickness on Resistivity

Measurement

Effects of measuring position
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Effects of sample thickness
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[6] Measurement of High Resistivity
~MCP probes enable one-touch measurement of £,£2/sq.,and Q*cm ~

Generally high resistivity measurements have problem such samples.
as; These problems have been solved by Mitsubishi Chemical's
(1) It can be used to measure sheet-shaped samples. Hiresta Series. With this intelligent, widely useful instrument,
(2) The size of the samples that can be measured is limited. it is possible to select a probe suitable to the shape of the
(Samples that have an electrode contact area with sample and to obtain a highly reproducible measurement by
particular diameter or less cannot be measured.) a simple operation. Moreover Hiresta UP conforms to ASTM
(3) Tt is necessary to cut down molded products and large D 257.

® ASTM Method and MCC Method

ASTM method MCC method
ltem
(ASTM D 257) U type JBox Simple method 1 Simple method 2
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®Resistivity Correction Factor

Probe d> (cm) d1 (cm) RCF (S) RCF (V)

URSS 0.6 0.3 9.065 0.071

URS 1.1 0.59 10.09 ' 0.273

UR 3.0 1.6 10.00 2.011
UR-100 5.32 5.0 100 19.63
ASTM / JIS 7.0 5.0 18.85 19.63
UA — — 1.050 —

Measurement for surface resistivity
;

sample

guard electrode

Measurement for volume resistivity
= guard electrode
i !

RXRCF (S)
= RXRCF (V) ¢

Surface Resistivity ps
Volume resistivity pv

sample

t ; Sample thickness

Surface resistivity and Volume resistivity can be obtaind from these e




or Automation and Powder Measurement Systems

ment, Calculation, Data processing, Display 3-dimensional graph) ‘

ated System @ High Resistivity Automated System
mm) (Applicable Sample; Up to 400 x 400 mm)

MCP-S600 (400x%400 mm)
measurement system up to 650 x 650 mm sample allows to display

films, conductive films.

Application data

1 MCC methaod makes it possible to evaluate materials without any effects from
their size or edges.

isurement Systéem

W Connectable with Loresta GP or Hiresta UP allows to measure
Toner, Ferrite, wide range of resistivity for powder samples.
W The resistivity changing is depend on powder shape, size and
diameter distribution,

PD51 M Easy to operate: easy to cleaning and fast sample introduction
15'5"“3“)'.\/ probe by unique probe unit.
luded.

Application data (Characteristics of resistivity-pressure)
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