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ABSTRACT

In the recent years, SAR（Specific Absorption Rate）has become an important issue between mobile communications and human

health due to the rising development of wireless communication technologies. The measurement system mostly used the E-Probe to

measure the values of SAR. However the E-Probe which we employ to perform the SAR measurement will gradually lose its

precision and accuracy. Consequently, we must send it back to the original manufacturer for calibration to ensure the accuracy of

the E-Probe. In view of this, in order to save the time and the huge expense of calibration, we try to research a calibration system so

that we can calibrate the E-Probe ourselves in our country. In this thesis, we calibrate the SAR Probe under two circumstances. One

condition is that we calibrate the probe in the air and the other is in the tissue equivalent liquid. Before we implement these two

calibrations, we have to fabricate a waveguide which is at desired operating frequency. When calibrating in the air, we put the

E-Probe in the center of the waveguide aperture and gradually extend it inwardly. Then we have to record the measured SAR

vaules. Nevertheless, when calibrating in the tissue equivalent liquid, we put a Teflon container filled with the tissue equivalent liquid

on the top of the interior of the waveguide. Then we place the E-Probe in the center of the Teflon container and rise the E-Probe

from the bottom of the container slowly. The following work is to estimate and record the SAR values the E-Probe measured. Up to

the present , we have finished the measurement of electric fields within the waveguide and the inner electric fields after the Teflon is

added to the waveguide. In the future, we will go on calibrating the E-Probe in anechoic chamber and calibrate it after the Teflon

container is filled with the tissue equivalent liquid and so on. Eventually we will aim for using numerical methods to verify the

accuracy of our simulated and measured result.

Keywords : SAR ; E-Probe

Table of Contents

封面內頁 簽名頁 授權書．．．．．．．．．．．．．．．．．．．．．．．．．iii 中文摘要．．．．．．．．．．．．

．．．．．．．．．．．．iv 英文摘要．．．．．．．．．．．．．．．．．．．．．．．．v 誌謝．．．．．．．．．

．．．．．．．．．．．．．．．．．vii 目錄．．．．．．．．．．．．．．．．．．．．．．．．viii 圖目錄．．．．

．．．．．．．．．．．．．．．．．．．．．x 表目錄．．．．．．．．．．．．．．．．．．．．．．．．．xiii 第一

章　緒論．．．．．．．．．．．．．．．．．．．．．．1 1.1 前言．．．．．．．．．．．．．．．．．．．．1 1.2 

研究動機及方法．．．．．．．．．．．．．．．2 1.3 論文架構．．．．．．．．．．．．．．．．．3 第二章　基本波

導理論．．．．．．．．．．．．．．．．．．4 2.1 簡介．．．．．．．．．．．．．．．．．．．．4 2.2 沿著均勻波

導管傳播的一般波動特性．．．．．．4 2.2.1 橫向電磁波．．．．．．．．．．．．．．．8 2.2.2 橫向磁波．．．．．．

．．．．．．．．．．9 2.2.3 橫向電波．．．．．．．．．．．．．．．14 2.3 矩形波導管．．．．．．．．．．．．．

．．．．17 2.3.1 矩形波導管內之TM波．．．．．．．．．．17 2.3.2 矩形波導管內之TE波．．．．．．．．．．20 2.3.3

矩形波導管之衰減．．．．．．．．．．．26 第三章 人體電磁波能量吸收率概論．．．．．．．．．．．．30 3.1 人體電

磁波能量吸收率（SAR）簡介．．．．．．30 3.2 SAR量測相關的設備．．．．．．．．．．．．．33 3.3 SAR實際量測

．．．．．．．．．．．．．．．．38 第四章 SAR測試探棒特性之校正．．．．．．．．．．．．．41 4.1 900MHz

Open-ended 波導管製作．．．．．．．．43 4.1.1 設計架構與原理．．．．．．．．．．．．43 4.1.2 900MHz

Open-ended 波導管模擬與量測結果46 4.2 1800MHz及1900MHz Open-ended 波導管製作．．49 4.2.1 設計架構與原理．．

．．．．．．．．．．49 4.2.2 1800MHz及1900MHz Open-ended 波導管模擬 與量測結果．．．．．．．．．．．．．

．52 4.3 E-Probe在自由空間中之校正．．．．．．．．．57 4.4 E-Probe在組織液中之校正．．．．．．．．．．61 第五

章 結論．．．．．．．．．．．．．．．．．．．．．．69 參考文獻．．．．．．．．．．．．．．．．．．．．．．

．．71

REFERENCES

[1] David K. Cheng著,俞國平譯,電磁學Field and Wave Electromagnetics, 國家出版社, pp.507-566, 10月1988年。�

[2] 標準與檢驗月刊, 第46期, pp.11-37, October 2002.�



[3] IEEE std1528-2003,“IEEE Recommended Practice for Determining the Peak Spatial-Average Specific Absorption Rate (SAR) in the Human

Head from Wireless Communications Devices: Measurement Techniques”.�

[4] Robert S. Elliott., “An introduction to guided waves and microwave circuits”,pp.407-409,Prentice-Hall,1993.�

[5] Kari Jokela, Petri Hyysalo, and Lauri Puranen,“Calibration of Specific Absorption Rate（SAR）Probes in Waveguide at 900MHz”, IEEE

Transactions on Instrumentation and Measurement., vol.47, pp.432-438, April 1998.�

[6] Arthur D. Yaghjlan,“Approximate Formulas for the Far Field and Gain of Open-Ended Rectangular Waveguide.”, IEEE Trans. on

Antennas and Propagation, vol.AP-32, pp.378-384, April 1984.�

[7] Doris I. WU, and Motohisa Kanda,“Comparison of Theoretical and Experimental Data for the Near Field of an Open-Ended Rectangular

Waveguide”, IEEE Trans. on Electromagnetic Compatibility, vol.31, pp.353-358, November 1989.�

[8] K. T. Selvan, “Simple Formulas for the Gain and Far-Field of Open-Ended Rectangular Waveguides.”, IEE Proc.-Microw. Antennas

Propag., vol.145, pp.80-84, February 1998.�

[9] Edward V. Jull,“Aperture Fields and Gain of Open-Ended Parallel-Plate Waveguides.”, IEEE Trans. on Antennas and Propagation.

Vol.AP-21, pp.14-18, January 1973.�

[10] Viktor A. Katrich, Alexander N. Dumin, and Olga A. Dumina,“Radiation of Transient Fields form the Open End of Rectangular

Waveguide.”, International Conference on Antenna Theory and Techniques, pp.583-586, September 2003.�

[11] S. Gupta, A. Bhattacharya, and A. Chakraborty,“Analysis of an Open-Eded Waveguide Radiator with Dielectric Plug. ”, IEE

Proc.-Microw. Antennas Propag., vol.144, pp.126-130, April 1997.�

[12] Douglas A. Hill,“Waveguide Technique for the Calibration of Miniature Implantable Electric-Field Probes for Use in Microwave 

—Bioeffects Studies.”, IEEE Trans. on Microwave Theory and Techniques, vol. MTT-30, pp.92-99, January 1982.�

[13] K. T. NG, T. E. Batchman, Steve Pavlica, and D. L. Veasey,“Amplification and Calibration for Miniature E-Field Probes.”, IEEE Trans.

on Instrumentation and Measurement, vol.37, pp.434-438, September 1988.�

[14] R. W. Y. Habash, and A. Kumar,“Optimal SAR Distribution from Waveguide Applicators for Hyperthermia of Deep-Seated Tumours.”,

Antennas and Propagation Society International Symposium, vol.2, pp.738-741, June 1994.�

[15] Henri Baudrand, Jun-Wu Tao, and Jacques Atechian,“Study of Radiating Properties of Open-Ended Rectangular Waveguides.” IEEE

Trans. on Antennas and Propagation, vol.36, pp.1071-1077, August 1988.�

[16] Saad Michael Saad,“A More Accurate Analysis and Design of Coaxial -to-Rectangular Waveguide End Launcher.”IEEE Trans. on

Microwave Theory and Techniques, vol.38, pp.129-134, February 1990.�

[17] C. W. Chuang, and Prabhakar H. Pathak,“Ray Analysis of Model Reflection for Three-Dimensional Open-Ended Waveguides.”, IEEE

Trans. on Antennas and Propagation, vol.37, pp.339-346, March 1989.�

[18] Motohisa Kanda, and R.David Orr,“Near-Field Gain of a Horn and an Open-Ended Waveguide: Comparison Between Theory and

Experiment.”, IEEE Trans. on Antennas and Propagation, vol.AP-35, pp.33-40, January 1987.�

[19] P. Couffignal, J. Obregon, and H. Baudrand,“Equivalent circuit of a cavity coupled to a feeding line and its dependence on the electric or

magnetic nature of output coupling structure.”,IEE Proceedings-h, vol.139, pp.221-226, June 1992.�

[20] Jun-Wu Tao, and Henri Baudrand,“Multimodal Variational Analysis of Uniaxial Waveguide Discontinuities.”, IEEE Trans. on Microwave

Theory and Techniques, vol.39, pp.506-516, March 1991.


