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UDC 678. 06: 621. 315. 5: 537. 311. 31
JAPANESE INDUSTRIAL STANDARD JIS

Testing method for resistivity of K 7194-1994
conductive plastics with a four-point probe array

1. Scope This Japanese Industrial Standard specifies the testing method for
resistivity of conductive plastics with a four-point probe array.

Remarks 1. In case conductive plastics are coated or laminated on an

insulating material, this Standard can be applied if a thickness
of only conductive plastics or its nominal value is known. If
the thickness of the conductive plastics is not known, this
Standard can not be applied.

Resistivity which can be measured in this Standard is limited
within the range of the slant-lined part given in Fig. 1.

Fig. 1. Measurable range of resistivity
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3. The following standards are cited in this Standard:

Full document details: JIS K 7194-1994

JIS B 7502 Micrometer callipers
JIS B 7507 Vernier, dial and digital callipers
JIS K 6900 Plastics — Vocabulary [ISO 472: 1988]

JIS K 7100 Standard atmospheres for conditioning and
testing of plastics

JIS Z 8401 Rules for rounding off of numerical values
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2. Definitions For the main terms used in this Standard the definitions in
JIS K 6900 apply, and the rest of the terms are as follows:

(1) conductive plastics Plastics conductive by themselves (for example, poly-
acetylene or the like), those not conductive but mixed with conductive
material and molded, or those coated or laminated with conductive
material.

(2) four-point probe array A method for obtaining resistance of a test piece
by contacting four needle probes (electrodes) with the test piece, and .
deriving resistance from the current passed through two outside probes and
the resulting potential difference between two inside probes.

(8) correction factor A factor for correcting resistance measured with a four-
point probe array, which is a non-dimensional numerical value determined
by the shape and dimensions of a test piece and the position of the probe.

(4) resistivity A product of correction factor, thickness of a test piece, and
resistance measured by a four-point probe array, expressed in Q-cm.

3. Principle for measurement The principle for measurement with a four-
point probe array is as follows: Four needle electrodes are linearly placed on a
test piece as given in Fig. 2. When a current (I) is passed between the probe A
and the probe D, the resulting potential difference (V) between the probe B and
the probe C is measured, and the resistance (—‘I'—) is obtained.

Then, resistivity (p) is calculated by multiplying the obtained resistance (R) by
the thickness of the test piece (¢) and correction factor (F) (see 8.).

Fig. 2. Principle for measurement with a four-point probe array

Probe

Test piece

4. Conditioning of test piece and temperature and humidity of laboratory

4.1 Conditioning of test piece A test piece shall be, as a rule, conditioned
for 24 h or longer before the test under the standard temperature condition grade
2 and standard humidity condition grade 2 which are specified in JIS K 7100 [23
+ 2°C temperature and (50 £ 5) % relative humidity].

4.2 Temperature and humidity of laboratory A test shall be, as a rule,
carried out in atmosphere which is sufficiently shielded electromagnetically
without mechanical vibration in the temperature and humidity which are
specified in 4.1.
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5. Test apparatus

5.1 Tester A tester is composed of a constant-current source, a voltmeter,
probes and a changeover switch as given in Fig. 3.

Fig. 3. Example of measuring circuit with a four-point probe array
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5.2 Constant-current source A current source which can supply applied
current I, (1) given in Table 1 according to the resistance of a test piece. The
applied current I, shall be determined as follows:

When current I is passed from the probe A to the probe D, the resulting
potential difference between the probes B and C is taken as V and the resistance
is —. A current corresponding to this resistance is selected from Table 1, which
is taken as the applied current I,. Fluctuation in the applied current I, during
measurement shall be within + 0.05 %.

Note (}) A d.c. current flowing from the constant-current source to a probe
shall be called an applied current.

Table 1. Resistance of test piece and applied current

ffefiiiagf:ce <200mQ| <200 | <2kQ | <20kQ | <200kQ | <2MQ

Applied
current I

100 mA 10 mA 1 mA 100 pA 10 pA 1 pA

5.3 Voltmeter A digital voltmeter having a display function of at least three
figures or a voltmeter at least equivalent in performance thereto shall be used.
In order to measure the whole range of the resistivity shown in Fig. 1, the
voltmeter can measure from 0.1 mV to 2 V and should have input resistance of at
least 10 Q.

5.4 Probe A probe shall, as a rule, have resistivity at most equivalent to
tungsten, and be a metallic rod of 0.5 mm to 0.8 mm in diameter. Its tip shall be
worked spherically. Arrange four probes linearly at equal intervals, and its one
end spherically worked shall be brought into contact with the test piece. The
interval between adjacent probes shall be 5 mm, and insulating resistance
between adjacent probes shall be at least 10'° Q. Appropriate force, for example,
1 N to 2 N shall be applied to each probe in measurement (?).
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Note (3) When a probe sinks deeply into a test piece, decrease the force
applied to each probe.

5.5 Dimensions-measuring instrument

(1) Micrometer To measure the thickness of a test piece, a micrometer of
0 mm to 25 mm in measuring range specified in JIS B 7502 or that at least
equivalent in precision thereto shall be used.

(2) Vernier callipers To measure the width and length of a test piece, R
vernier callipers of 300 mm in the maximum measuring length and 0.05
mm in minimum reading value as specified in JIS B 7507 or those at least
equivalent in precision thereto shall be used.

6. Test piece

6.1 Shape and dimensions of test piece A test piece shall be of a rectangular
parallelepiped which is 80.0 + 0.2 mm in length, 50.0 £ 0.2 mm in width, and at
most 20 mm in thickness.

6.2 Preparation of test piece A test piece shall be prepared by injection
molding, compression molding, transfer molding in accordance with related stan-
dard or conditions agreed upon between the purchaser and the supplier, or shall
be prepared by machining from sheets or the like on which conductive plastics is
coated or laminated.

Remarks 1. In order to bring four probes in contact with a test piece
uniformly, the measuring surface of a test piece should
preferably be clean and smooth.

The test piece having flaws on the measuring surface shall
be rejected.

2. When the test piece is prepared by machining or the like, the
resistivity sometimes varies due to the occurrence of a crack
on the cutting surface. Therefore, the test piece shall
necessarily be machined by a cutting method wherein the
crack is not generated.

Cares shall be taken not to generate excess heat in
machining.

6.3 The number of test pieces The number of test pieces shall be at least
three.

7. Operation

7.1 Dimensional measurement of test piece The thickness, width, and length
of a test piece shall be measured. The thickness shall be measured at five
positions containing the center to the nearest 0.01 mm, and the average shall be
obtained.

Documents

Document Sharing Hub

Full document details: JIS K 7194-1994


http://avadocuments2026.com/doc/jis-k-7194-1994
http://avadocuments2026.com/doc/jis-k-7194-1994

JIS Kx?7194 94 EE 4933608 0524528 722 MW

5
K 7194-1994

The thickness of the test piece shall be measured at the center P; of the test
piece and positions P;, P3, P, and Ps; which are 10 mm from the edge of a long
side and 15 mm from the edge of a short side as shown in Fig. 4. Any of the
thicknesses at positions P;, Ps, P, and Ps shall be within the thickness at the
position P; £ 1 %.

Fig. 4. Positions to measure thickness of test piece
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7.2 Measuring method The method for measuring resistivity shall be as
follows: Pass applied current I, from the probe A to the probe D using the
measuring circuit given in Fig. 3, and the resulting potential difference V,
between the probes B and C is measured. Resistance R; between the probes B
and C is ‘I" . Next, reverse the direction of the applied current I, (from the probe
D to the probe A) by changeover switch, and measure the resulting potential
difference V, between the probes B and C. Resistance R at this time is |2 | (3).
The average of R; and R; shall be taken as resistance R between the probes B
and C. The resistance R is used when resistivity is calculated.

Note (3) When the direction of applied current I, is switched, potential
difference V; is displayed on the voltmeter as a negative value. In

this case, its absolute value | ;’2 | shall be adopted as resistance
R,. ’

Remarks: When the input circuit of the voltmeter is an operational ampli-
fier, a current (a bias current) flows through input terminals.
When the voltmeter has such function that an offset current
given by a difference of the bias current is internally corrected,
resistance obtained after the current flows in either one direc-
tion may be adopted as R.

7.3 Measuring positions Measuring positions shall be @ to @ as given in Fig.
5. Arrange the probes in parallel with the long side of the test piece.

(1) For measurement at one point, the measuring position shall be only the
central part @.

(2) For measurement at five points, following five points as @, @, @, ® and ®.

(8) For measurement at nine points, ®, @, ® and @ in addition to the five
points in (2). The measurement at five points of (2) shall be standard.
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