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A Net Power Measurement Method Based on a 3-Port Directional Coupler

LIN Haoyu, HUANG Pan, XIE Jing, LIU Zhipeng
National Institute of Metrology, Beijing 100029, China

[ Abstract] To address the issue of net power measurement in the field of radio frequency (RF) metrology, a method based
on a 3-port directional coupler with mismatch correction is proposed, and the associated uncertainty evaluation is performed.
First, the net power calculation equation is rigorously derived using microwave network theory according to the signal flow
graph. Second, two experiments are conducted to validate this method. The results show that when using the proposed
method to calculate the net power, the typical error is less than 0.1 dB, and it is less affected by impedance mismatch.
Furthermore, the experiments demonstrate that the proposed method is suitable for electric field (E-field) probe calibration,
as it can reduce the standard E-field strength error caused by the net power measurement. Finally, the uncertainty is
evaluated using the Monte Carlo method, and the results indicate that the typical relative standard uncertainty is less than
1.3% when measuring net power using this method. The proposed net power measurement method has the advantages of
high accuracy and a simple calculation process, and it has good application prospects in the field of RF metrology,
particularly in E-field strength metrology.
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Fig.1 The schematic diagram of the dual directional

coupler
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Fig.2 The signal flow graph for a 3-port
directional coupler
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Fig.4 The measurement errors of the net power
calculated using different methods
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Fig.5 The reflection coefficients (RCs) of the power
sensors and the directivity of the coupler
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Fig.6 The schematic diagram of experiment (b)
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Fre.(GHz) Mean(W) Std(W) Upe)
1 0.0799 0.0010 1.20%
2 0.0802 0.0010 1.20%
3 0.0800 0.0010 1.20%
4 0.0806 0.0010 1.20%
5 0.0798 0.0010 1.22%
6 0.0803 0.0010 1.22%
7 0.0796 0.0010 1.23%
8 0.0790 0.0010 1.25%
9 0.0824 0.0011 1.30%
10 0.0771 0.0011 1.36%
11 0.0818 0.0011 1.36%
12 0.0797 0.0011 1.37%
13 0.0843 0.0012 1.38%
14 0.0806 0.0011 1.32%
15 0.0806 0.0010 1.27%
16 0.0823 0.0010 1.34%
17 0.0770 0.0013 1.85%
18 0.0772 0.0016 2.25%
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