Application Note

The 1403 Air Capacitor for calibration of the 7660 Precision LCR
Meters and other LCR Meters

This application note demonstrates how the 7660 Precision LCR Meter performs frequency-dependent
measurements on the 1403 Air Capacitor Standard. The performance of the 7660 exceeds expectations
for accuracy when measuring low value capacitors.

The 7660 LCR Meter performs precision impedance measurements over a frequency range of 10 Hz to 2
MHz. The LCR Meter can measure 14 different impedance parameters with 0.05% accuracy, meeting
today’s requirements for component and material testing. The ease of use and user-friendly menu
programming makes the 7660 ideal for applications in metrology, product development, incoming
inspections, or production line testing.

The IET Labs/GenRad 1403 Standard Air Capacitors are stable, three-terminal standards in decimal
values from 0.005 pF to 1000 pF. The capacitance change is less than 0.01% at frequencies up to 2 MHz
for 1 pF and 200 kHz for 1000 pF standard making the standard ideal for verifying LCR meters and
bridges at frequencies other than 1 kHz. The are also number papers and articles on the frequency
response of the 1403.

Summary

The combination of the 7660 and 1403 will be used in this application note to show the performance of
the 7660 Precision LCR Meter at 1 kHz. The 7660 Precision LCR Meter can sweep across frequency
and show the data in both tabular and graphical formats to characterize a variety of components or in
this case the 1403 Air Capacitance Standard.

The 1403 Standard Air Capacitor was used as it has a flat response across frequency as long as f << fr,
where f is the desired frequency and fr is the resonance frequency of the 1403 which is greater than
several MHz.

The typical series resonance frequency of the 1403-1pF and 1403-1000 pF is 174 MHz and 21 MHz
respectively. More information on resonant frequency and frequency response can be found in reference
1 and reference 2.

The frequency sweep from the 7660 will be compared with the calculated frequency response shown in
reference 1.

The setup for testing is very similar to what was done in reference 1 using an AH2500A to calibrate the
1403 Standard at 1 kHz. The frequency response of the 1403 is then based upon the change in
capacitance for the given resonant frequency of the standard. See the formula below.

C(f)=Cy(1+ }’—)
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Detail

An AH2500A was used to calibrate each 1403 at 1 kHz. The measured value from the 7660 Precision
LCR meter was then compared with the calibrated value from the AH2500A.

1403-10 pF-BNC

The 1403-10 pF-BNC was calibrated using an AH2500A at 1 kHz, 1.5 Vac and using a standard 1 meter
cable. The AH2500A was zeroed prior to measurements.

The calibrated value of the 1403-10pF standard was 9.982864 pF with a MU of 7.0 ppm.

The 7660 Precision LCR Meter was then used to measure the 1403 at 1 kHz and 1 VAC. A 250 point
frequency sweep from 100 Hz to 1 MHz was then performed to show the 1403 frequency characteristics.

The accuracy specification for the 7660 is 1.7% for 10 pF under the following conditions: slow, 1 VAC
and 1 kHz.

Calibrated 7660
value AH2700A | Measured value MU (ppm)
1kHz AH2500A MU (ppm) 7660 Difference (ppm)
1403-10 pF-BNC 9.982864 7.0 9.984735 17 000 187
1403-1000 pF-BNC | 1000.3975 6.0 1000.539 700 141

Table 1 Comparison at 1 kHz

The difference between the calibrated value of 9.982864pF and the measured value of 9.984735 pF is
+0.02% or + 187 ppm. This is significantly better than the accuracy specification for the 7660.

The measured change in capacitance from 1 kHz to 100 kHz is +0.01%.

The measured capacitance at 1 MHz is 10.01041 pF. This equates to an increase of 0.26% at 1 MHz.
Graph 1 shows the frequency sweep from 100 Hz to 1 MHz using the 7660 LCR Meter. This can be
compared with the expected response shown in Graph 2. Graph 2 shows the calculated capacitance

from 1 kHz to 10 MHz based upon the resonant frequency of the standard as outlined in Reference 1.

The increase in capacitance for the 1403-10 pF should be less 0.01% based upon Figure 2 given in the
1403 Instruction Manual and Reference 1.

The performance of the 7660 is exceptionally flat across frequency with minimal discontinuities.
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Sweep Plot

Graph 1 Sweep from 100 Hz to 1 MHz of a 1403-10pF-BNC Standard using the 7660
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(b). Capacitance calculation C(¥) in pF at frequency
from 1 kHz to 10 MHz for 10 pF.

Graph 2 Expected Capacitance Graph of a 1403-10 pF from Reference 1
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1403-1000 pF-BNC Performance Across Frequency
Graph 3 shows the sweep of the 1403-1000 pF-BNC standard from 100 Hz to 1 MHz using the 7660
Precision LCR Meter.

The 1403-1000 pF was calibrated using an AH2500A at 1 kHz. The calibrated value of the standard is
1000.3975 pF with a MU of 5.5 ppm.

The measured data using the 7660 is shown below.
1kHz  1000.539 pF
100 kHz 1000.751 pF

The difference between the calibrated value of 1000.3975 pF and the measured value of 1000.539 pF is
+0.014% or 141 ppm. This again was significantly better than the stated accuracy of the 7660 LCR
meter.

Change in capacitance from 1 kHz to 100 kHz is +0.02%. The frequency response should increase as
the frequency increases and approaches resonance of the 1403 Standard. Graph 3 and Graph 4 have a
similar frequency response.

Sweep Plot

Graph 3 Sweep from 100 Hz to 1 MHz of a 1403-1000pF-BNC Standard using the 7660
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(d). Capacitance calculation C(f) in pF at frequency
from 1 kHz to 10 MHz for 1000 pF.

Graph 4 Expected Capacitance Graph of a 1403-1000 pF from Reference 1
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Conclusion

The accuracy of the 7660 Precision LCR Meter exceeds its specified performance when measuring
capacitors at 1 kHz.

The sweep and table functions of the 7660 make evaluating components across a range of frequencies
simple and straightforward. The frequency sweeps of both the 10 pF and 1000 pF 1403 capacitors show
that the theoretical frequency response matches the results obtained using the 7660.

The 7660 Precision LCR Meter simplifies the characterization of capacitors and other components with
its built-in sweep function and the ability to save graphs directly to a USB stick, making it easy and
convenient to insert graphs into reports.

The flat frequency response and well-documented performance of the 1403 Standard Air Capacitor
make calibration of LCR meters at frequencies other than 1 kHz easy to implement.

The establishment of a two-terminal pair (2TP) air-dielectric capacitance standard for 1 pF, 10 pF, 100
pF, and 1000 pF in the frequency range up to 10 MHz by resonance frequency at NIMT, as presented by
Monthol Homklintian, demonstrates the expected frequency response for the 1403 Standard Air
Capacitors (see Reference 1).

For complete product specifications on the 7660 Precision LCR Meter, the 1403 Standard Air
Capacitors, or any of IET’s products, visit https://www.ietlabs.com/ or email your questions to
sales@ietlabs.com.

References
1. Establishment of 2TP air-dielectric capacitance standard for 1 pF, 10 pF, 100 pF and 1000 pF in
the frequency range up to 10 MHz by resonance frequency at NIMT by Monthol Homklintian
https://www.sciencedirect.com/science/article/pii/S2665917421002245

2. The paper The Measurement and Uncertainty of Air Dielectric Capacitors from 1 kHz to 10
MHz provides extremely useful information on the change of capacitance vs barometric
pressure, relative humidity and temperature for the 1403 Series Air Capacitors. (Click on View
Conference button on left side of the page to see the presentation.)
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7660 Precision LCR Meter

7660

DF -0.2226075

([ Frea  1.00000kHz  ACSieal 1.000V ‘\
Renge futo 16 ‘::' év’f ‘
Delay 05 ‘

Features of the 7660 Precision LCR Meter :

Superior 1 MHz performance at low capacitance values

Wide frequency range from 10 Hz to 2 MHz

Local applications support

The graphical sweep function of a measured parameter vs. frequency, voltage or current

7660 is ideal for use with Dielectric Cells such as the RDC-1 for ASTM D150 Dielectric
Constant Measurements

A significantly lower cost alternative to the Keysight E4980A, see 7660 Comparison
ISO-17025 accredited calibration certificate using resistors and capacitors at 1 kHz and 1 MHz
The short-term stability of the 7660 is excellent so it can be used for transfer calibrations from
one standard to another for capacitance and ac resistance.

Standard USB Type B, GPIB, LAN, RS232 and Handler Interfaces

Up to 250 measurement points per sweep and ability to change between tabular data and
graphical with the push of a button

Directly save graphs to USB stick to include in reports
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1403 Standard Air Capacitor

The IET Labs/GenRad 1403 Standard Air Capacitors are stable, three-terminal standards in decimal
values from 0.005 pF to 1000 pF. The capacitance change is less than 0.01% at frequencies up to 2 MHz
for 1 pF and 200 kHz for 1000 pF standard making the standard ideal for verifying LCR meters and
bridges at frequencies other than 1 kHz.

1 pF

A A

ad
- Formerly made by GenR
IE s‘;’rANDARD AIR CAPACITOR
TYPE NO. 1403-1 pF-BNC

Features of the 1403 Air Capacitor:
e Stable to better than 0.05%/year
Excellent performance at high frequencies
Extremely low dissipation factor
Low temperature coefficient
Well documented performance by nationally recognized laboratories
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