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Preface
The demand for the high frequency property of the printed wiring board is rising. As the standard for test method
of dielectric property at the high frequency range is not existed, individual test method is used in each company.
Then, the test method by “Tri-plate resonate method” from 500 MHz to 10GHz at the frequency is started to
standardize in cooperated with Hitachi Chemical Co., Ltd.
The test method described in this document is certainly not the only method to measure dielectric property at the
high frequency range. We should like to appreciate to receive comments from those who use this document
using the comment form attached at the end for further improvement of this document.
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JPCA Standard

A TEST METHOD FOR COPPER-CLAD LAMINATES FOR PRINTED WIRING BOARDS
DIELECTRIC CONSTANT AND DISSIPATION FACTOR (500MHz to 10GHz)
JPCA-TMO001

1. OBJECT
This test method covers the procedure for determination of the measurement of dielectric constant and
dissipation factor at 500MHz to 10GHz. The suitable material for this method has 2-10 of dielectric

constant and 0.001-0.050 of dissipation factor.

2. PURPOSE

This test method is applicable to copper-clad laminates for printed wiring boards.

3. TEST SPECIMENS
a) Specimens shall be copper clad laminate.
b) Specimens shall be cut not less than 25 mm from the edge of the sheet.

¢) A minimum of four specimens shall be tested.

3.1 Size

The size of each specimen should be 200 mm=*=0.5 mm x 50 mm=* Imm.

3.2 Thickness of dielectric
The dielectric thickness of each specimen should be 0.6mm to 1.6mm. The suitable range is 0.6 mm to

1.0 mm.

3.3 Thickness of copper foil

The copper foil thickness of each specimen should be 0.010mm to 0.040mm.

4. TEST SET

a) Test set consists of two boards. Board A shall be a board with a conductive line on one side and with a
copper foil on another side. The width of conductive line shall be 0.6 mm to 1.8 mm. Board B shall be a
board without copper foil on one side and with a copper foil on another side. These boards shall be
shown in Figures 1a, 1b, 1c, 1d, 2a, 2b, 2¢ and 2d.

b) Board A and Board B are produced from test specimens. Copper foil on copper clad laminate shall be
etched for the test set design.

¢) After etching, test set shall be etched laminate.

d) Test set shall be dried 1 hour in the oven with 105°C £ 2°C, and kept 96 hours in 20°C/65%RH.
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Figure 1c¢ — Cross section between X1 and X2 of Board A
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Figure 1d — Cross section between Y1 and Y2 of Boar
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Figure 2b — Another side of the Board B

Figure 2¢ — Cross section between X1 and X2 of Board B

Figure 2d — Cross section between Y1 and Y2 of Board B
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Figure 3d — Vertical cross section of test fixture with test set

6. TEST EQUIPMENT
a) Vector network analyser (VNA) shall be used.
b) Dynamic range of VNA shall be more than 50dB
¢) Frequency range of VNA shall be 100MHz to over 10GHz.

7. PROCEDURE
7.1 Measurements
7.1.1 Electrical measurements
a) Electrical measurement shall be done by using VNA and fixture.
b) Measurement conditions shall be set in VNA, such as frequency, measurement point, averaging number
and smoothing level.
¢) VNA shall be calibrated with coaxial cables in the range of measurement frequency.
d) Coaxial connectors of test fixture shall be connected with coaxial cables.
e) Test set shall be set faced conductive line side of Board A and dielectric side of Board B in test fixture
box.
f) Dummy board and top board of test fixture shall be set on test set.
g) Resonation figure of S21 shall be checked on the monitor of VNA. The example is shown in Figure4.

h) Data of S21 shall be stored to storage device. This data should be raw data for calculation.

I O (W

RPN,

lJl'l Y

N T
I* Frequency (Hz)

Figure 4 — An example of VNA raw data

S21 (dB)

7.1.2 Measurements of line length

Line length shall be measured =0.1mm tolerance.
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7.1.3 Measurements of thickness

Thickness of dielectric and conductor of test specimens shall be measured =0.001lmm tolerance.

7.2 Calculations
7.2.1 Dielectric constant

Dielectric constant (g:) shall be calculated as follows:

2 2
€= M = L-L m=1,2,3,...
A fm 2(L+AL) [1]

Lo is the wavelength in vacuum.

where:

A is the wavelength under test.

c is the speed of light (2.9978 x 108 m/s).

m is the number (1,2,3,.....).

fm is the resonant frequency at number m in Hz.
L is the line length of test set in m.

AL is the total effective increase length of the resonator in m.

7.2.2 Dissipation factor
a) Maximal envelope and minimal envelope shall be calculated from raw data.

b) Attenuation factor (o) shall be calculated as follows:

1 1+U 1
O(.Z*'l . - 8.
> n [1 —U} L+AL 8.686 (dB/m) o1

i
Uu=102% [3]

where:

P is the difference of maximal envelope and minimal envelope in dB.

¢) Because a is the sum of conductive loss factor (a.) and dielectric loss factor (o), aa shall be calculated as

follows:

Oy =0—-0, (dB/m) [4]

d) ac in equation [4] shall be calculated as follows:

- 00231ReeZ |, 2WL 1 B+l 2tB—tL] (@B/m)
30m(tB-tL) | tB-tL m tB-tL tL

(5]

R =\/np,ofmp Q) (6]
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_ 30 1-tL/tB @
o=
Je, WL/AB +Cq/m -

r

1 i 1
Cr=2eln |—— |- Lp |1 4
i [1—tL/tB ] B {(1-tL/tB)2 ] &1

where:

Rs is the surface resistance in Q.

Zo is the characteristic impedance of test set in Q.

tB is the thickness of dielectric in m.

tL is the thickness of conductor line in m.

WL is the width of conductor line in m.

po is the magnetic permeability in vacuum, 41 x 107 H/m.

p is the resistivity of copper, 1.72 x 10"® Qm. In the case of special copper foil, p shall be used specific

value.

e) Because aad is calculated by equation [9], dissipation factor (tan §) shall be calculated by equation [10].

_ 8.686mfmyE,

Oyg=——""——-tan§ (dB/m)
c (9]
Og4 C
tang=—""—+—
8.686 fmy/e; [10]
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Figure 5 — Envelopes of raw data from VNA measurement

8. REPORT
The report shall include:
a) the test number and revision.
b) the identification and description of the material tested.
c) the dielectric constant and the average with frequency.
d) the dissipation factor and the average with frequency.
e) the date of the test.
f) temperature and humidity under test.
g) any deviation from the test method.

h) the name of the person conducting the test.
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