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NPL uses a modified Hewlett-Packard /Keysight 16451B admittance cell to
obtain the permittivity and loss angle of laminar specimens at room
temperature. An LCR meter (HP4284A or HP4285A) is used for measuring
capacitance and dielectric loss. Measurements are made by the Lynch method
described in standard BS 7663. This is a single-frequency substitution
technique (measurements at more than one frequency can be requested).
Measurements can be made in the range 1 kHz to 10 MHz. The admittance cell
is of the three-terminal type, which reduces the effect of fringing fields. A
three-terminal cell for measuring the permittivity of liquids at 1 MHz is also
available.
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Figure 1: Three-terminal admittance cells for measurement of permittivity and loss. Left: schematic of the cell used to
measure laminar solid specimens [2]. The ‘low’ terminal is 38 mm diameter. Right: NPL liquid cell.

Laminar solid specimens

Measurements of permittivity and loss are made by the Lynch air-substitution method [1]. A modified
Hewlett-Packard /Keysight admittance cell (model 16451B [2]) is connected to an LCR meter via a
four-terminal-pair (four coaxial cables) to reduce the effects of stray capacitance and inductance.
Uncertainties are smallest for permittivity values less than 4, which is ideal for measuring polymers.
Materials that have permittivity up to 10 can be measured with increased uncertainty. The resolution of
loss angle measurements is typically 100 yrad (see Note 1). Some example measurements are shown
in Table 1.

Specimens must be machined flat, ideally with a variation in thickness of less than 0.01 mm.
Specimens much thinner than the maximum specified thickness are generally measurable but larger
uncertainties are to be expected for thin specimens as the uncertainty component At/t will be higher (t
is the thickness and At represents the variation in thickness caused by surface roughness and any
lack parallelism of specimen faces). It is recommended that the thickness is in the range 0.7 to 3 mm
(where possible 2 to 3 mm is suggested).

The shape of specimens (circular, square or rectangular) is unimportant provided that the smallest
lateral dimension exceeds 44 mm. The parallelism of the faces of specimens machined on a lathe or
by grinding tends to be better for circular specimens than for square or rectangular specimens.
Specimens can be machined at NPL.



Table 1: Example measurements on solid specimens from reference [3]. Uncertainties are shown in brackets.
These are based on a standard uncertainty multiplied by a coverage factor k = 2 (equivalent to 95% Confidence
Level). The measurement frequency was 6 MHz.

Material Thickness in mm € S in prad
Fused silica = 2.097 (0.004) 3.83 (0.03) <60 (60)
Macor 2.008 (0.002) 5.82 (0.05) 2630 (110)

Alumina 2.009 (0.004) 9.7  (0.2) <100 (100)

Liquids

The permittivity and loss of insulating liquids such as oils can be measured in a three-terminal liquid
cell (Figure 1, right). This is normally used at 1 MHz.

Notes:

1. The dielectric loss is normally reported in terms of the loss angle (), which has units of
milliradians (mrad) or microradians (urad). When & is low-valued then it is related to loss tangent
(the ratio of imaginary and real parts of permittivity) by 3 = tand x108 yrad.

2. The Lynch method is described in standard BS 7663 (1993). The Lynch method is not described
precisely by the ASTM D150 standard, but NPL measurements meet its general requirements.

3. Traceability can be offered for the real part of permittivity. Formal traceability cannot be offered for
measurements of dielectric loss. The consistency of measurements compared to other techniques
has been demonstrated [3].

4. Laminar specimens may also be suitable for measurement in millimetre-wave open resonators [4]
and split-post dielectric resonators [5] (note that there are special thickness requirements for open
resonators). NPL brochures for these systems are available.

5. The resolution of measurement of loss is approximately 100 prad. If better resolution is required,
measurements by using a Hartshorn and Ward 1-70 MHz system [3] can be undertaken. This
technique can resolve loss angles smaller than 10 prad. It requires rectangular specimens with
dimensions 70 x 54 x 2 mm.
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