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摘 要

本研究主要探討，雙頻帶高溫超導濾波器(Dual-Band High Temperature Superconductor Filters)之製作與特性，以合成技術來

設計對稱與非對稱雙頻帶帶通濾波器應用於無線區域網路(WLAN) IEEE 802.11b/g(2.4 GHz ~ 2.48 GHz)通訊使用之頻段。

我們以RF濺鍍技術在鋁酸鑭 (LaAlO3) 基座上成長雙面高溫超導釔鋇銅氧(YBa2Cu3O7)薄膜製作超導濾波器和金屬封裝量

測。模擬出結果對稱雙頻帶帶通濾波器雙頻帶在中心頻率 2.45 和 2.49 GHz； 插入損耗分別為 0.18 和 0.17 dB ；頻寬分別

11 MHz和 24 MHz 。非對稱雙頻帶帶通濾波器模擬雙頻帶中心頻率在 2.45 和 2.48 GHz； 插入損耗分別為 0.3 和 0.29 dB；

頻寬分別為 20 MHz 和 23 MHz。然而變溫量測的頻率響應，可用二流體模型來解釋,頻率隨這溫度轉移循著穿隧深度而變

化。
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目錄

封面內頁

簽名頁

授權書．．．．．．．．．．．．．．．．．．．．．．．．．iii

中文摘要．．．．．．．．．．．．．．．．．．．．．．．．iv

英文摘要．．．．．．．．．．．．．．．．．．．．．．．．v

誌謝．．．．．．．．．．．．．．．．．．．．．．．．．．vi

目錄．．．．．．．．．．．．．．．．．．．．．．．．．．vii

圖目錄．．．．．．．．．．．．．．．．．．．．．．．．．x

表目錄．．．．．．．．．．．．．．．．．．．．．．．．．xiii

第一章 序論

1.1研究背景．．．．．．．．．．．．．．．．．．1

1.1.1 IEEE802.11b和IEEE802.11a之標準規．1

1.2文獻探討．．．．．．．．．．．．．．．．．．．3

1.2.1高溫超導YBCO(YBa2Cu3O7)介紹與應用 ．．3

1.2.2高溫超導濾波器．．．．．．．．．．．．．4

1.2.3 對稱式雙頻帶濾波器類似之設計．．．．．．5

1.2.4成長大面積高溫超導濾波．．．．．．．．．7

1.2.5通氧退火處理改善薄膜微波性質．．．．．．8

1.3 研究動機．．．．．．．．．．．．．．．．．． 9

1.4 論文架構．．．．．．．．．．．．．．．．．． 10

第二章 濾波器原理與設計

2.1簡介．．．．．．．．．．．．．．．．．．．11

2.2濾波電路的型式．．．．．．．．．．．．．．12

2.2.1 濾波器電路的特性．．．．．．．．．．． 15

2.2.2 低通濾波器與設計．．．．．．．．．．． 16

2.2.3 設計雙頻帶濾波器．．．．．．．．．．． 18

2.2.4 濾波器合成．．．．．．．．．．．．．． 19

2.2.5 傳輸零點之分析與驗證．．．．．．．．．． 23

2.2.6 電場(電容)性耦合．．．．．．．．．．． 26

2.2.7 磁場(電感)性耦合．．．．．．．．．．． 28

2.2.8 混合性耦合．．．．．．．．．．．．．． 30

2.3二流體模型．．．．．．．．．．．．．．．．．32



2.4 倫敦方程式．．．．．．．．．．．．．．．．．36

2.5 表面阻抗．．．．．．．．．．．．．．．．．38

2.6 YBCO/LAO薄膜特性及Jc-Rs-Q之關係之探討．．41

第三章 饋入結構之應用

3.1 0°饋入結構(非對稱饋入結構)．．．．．．．．．43

3.2 非0°饋入結構(對稱饋入結構) ．．．．．．．．．47

3.3 0°饋入結構濾波器與非0°饋入濾波器設計結構．．48

3.4 改變偶合量另外再產生兩種不同頻寬之非對稱結構 及模擬圖．．．．．．．．．．．．．．．．．．51

第四章 實驗方法與步驟

4.1 研究架構流程．．．．．．．．．．．．．．．．54

4.2 雙離軸式(off-axis)磁控濺鍍法 ．．．．．．．．．55

4.3 YBCO超導濾波器製作與量測 ．．．．．．．．．57

4.4 蝕刻方式的選擇．．．．．．．．．．．．．．．59

4.5 封裝與微波量測．．．．．．．．．．．．．．．60

4.6 通氧退火製作流程 ．．．．．．．．．．．．．62

第五章 結果與討論

5.1高溫超導雙頻帶濾波器之量測結果 ．．．．．．．63

5.1.1 非0°饋入結構(對稱饋入結構) ．．．．．．63

5.1.2 實作結果與模擬之比較 ．．．．．．．．．63

5.1.3 非0°饋入結構高溫超導雙頻帶濾波器之特性探討．．．．．．．．．．．．．．．．．．66

5.2 0°饋入結構(非對稱饋入結構) ．．．．．．．．．71

5.2.1 0°饋入結構高溫超導雙頻帶濾波器之特性探討．．．．．．．．．．．．．．．．．．73

5.3 溫度對fs1,fs2之效應 ．．．．．．．．．．．．．77

5.4 通氧退火對其Tc的改變．．．．．．．．．．．．80

5.4.1不同通氧退火溫度對超導臨界溫度Tc之影響．80

5.4.2不同退火溫度對超導含氧量的變化 ．．．．81

5.5 YBCO/LAO薄膜特性及Jc-Rs-Q之關係之實作結果之討論．．．．．．．．．．．．．．．．．．．．82

第六章 結論．．．．．．．．．．．．．．．．． ．．．．．89

參考文獻．．．．．．．．．．．．．．．．．．．．．．．．91

參考文獻

[1] G. L. Matthaei and G. L. Hey-Shipton, “Concerning the use of high-temperature superconductivity in planner microwave filters,” IEEE

Trans. Microwave Theory Tech., vol. 42, pp.1287-1294, July. 1994.�

[2] R. Levy, and S. B. Cohn, “A history of microwave filter research, design, and development,” IEEE Trans. Microwave Theory Tech. Vol.

MTT-32, pp 1055-1067, Sept 1984.�

[3] G. L. Matthaei, L. Young, E. M. T. Jones, Microwave Filters, Impedance-Matching Networks, and Coupling Structures, Artech House ,1980.�

[4] David M. Pozar, Microwave Engineering, Addison-Wesley,1993, Chapter 8.�

[5] E. G. Cristal and S. Frankel, “Design of hairpin-line and hybrid hairpin-parallel-coupled-line filters,” IEEE MTT-S, pp 12-13, Digest 1971.�

[6] G. L. Matthaei, “Interdigital band-pass filters,” IEEE Trans. Microwave Theory Tech. vol. 10, pp 479-492, 1962.�

[7] R. Levy, “Filters with single transmission zeros at real and imaginary frequencies,” IEEE Trans. Microwave Theory Tech., vol. 24, pp

172-181, Apr. 1976.�

[8] S. J. Hedges and R. G. Humphreys, “An extracted pole microstrip elliptic function filter using high temperature superconductors,” EuMC.

European Microwave Conference., vol.1, pp.517-521, Oct. 1994.�

[9] L. M. Wang, M. Y. Horng, C. C. Liu, J. H. Tsao, H. H. Sung, H. C. Yang, and H. E. Horng, “Narrow-Band Filter for the Frequency Range

of 1.9 GHz Using Double-Sided YBCO Films on 10-mm-Square and 20-mm-Square LaAlO3 Substrates,” IEEE Trans. Appl. Supercond., vol.

13, pp.272-275, June. 2003.�

[10] X. Z. Liu, Y. R. Li1 and B. W. Tao ”Growth and Characterization of YBCO Thin Films by Sequential Deposition and Annealing” Journal

of Superconductivity.�

[11] Inki Hong, Hyunseok Hwang, Yung-Hee Han, Sang-Chul Han, Tae-Hyun Sung, and Kwangsoo “Effects of the Platelet Structures on the

Melt Textured Growth YBCO Superconductors”IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, vol. 13, NO. 2, JUNE

2003 3165.�

[12] Juseop Lee and Kamal Sarabandi, “Synthesis of a Self-Equalized Dual-Passband Filter,” IEEE MICROWAVE AND WIRELESS



COMPONENTS LETTERS, VOL. 15, NO. 4, APRIL 2005.�

[13] D. M. Pozar, Microwave Engineering, New-York, John Wiley & Sons, Inc., 1998, Section 6.3.�

[14] J. S. Hong and M. J. Lancaster, Microstrip Filters for RF/Microwave Applications, John Wiley & Sons, Inc., 2001.�

[15] G. L. Matthaei, L. Young, and E. M. T. Jones, Microwave filters, impedance- Matching Networks and Coupling Structures.Artech House:

Dedham, Mass.1980.�

[16] David M. Pozar, Microwave Engineering, Addison-Wesley, New York, Chapter 8, 1993.�

[17] Terry P. Orlando,Kevin A. Delin,“Foundations of Applied Superconductivity ,”Addison-Wesley Publishing Company, Inc., 1995.�

[18] R. Levy, “Filters with single transmission zeros at real and imaginary frequencies,” IEEE Trans. Microwave Theory Tech., vol. 24, pp

172-181, Apr. 1976.�

[19] Juseop Lee, Kamal Sarabandi, “A Synthesis Method for Dual-Passband Microwave Filters,” IEEE TRANSACTIONS ON

MICROWAVE THEORY AND TECHNIQUES, VOL. 55, NO. 6, JUNE 2007.�

[20] J. Lee, M. S. Uhm, and I.-B. Yom, “A dual-passband filter of canonical structure for satellite applications,” IEEE Microw. Wireless

Compon. Lett., vol. 14, no. 6, pp. 271–273, Jun. 2004.�

[21] J. Lee, M. S. Uhm, and J. H. Park, “Synthesis of self-equalized dualpassband filter,” IEEE Microw. Wireless Compon. Lett., vol. 15, no. 4,

pp. 256–258, Apr. 2005.�

[22] R. Levy, “Filters with single transmission zeros at real and imaginary frequencies,” IEEE Trans. Microwave Theory Tech., vol. 24, pp

172-181, Apr. 1976.�

[23] Janina Mazierska and Charles Wilker, “Accuracy Issues in Surface Resistance Measurements of High Temperature Superconductors Using

Dielectruc Resonators (Corrected)”, IEEE TRANSACTIONS ON APPLED SUPERCONDUCTIVITY ,VOL 11,NO.4,DECEMBER 2001.�

[24] S. Ohshima, S. Oikawa, T. Noguchi, M. Inadomaru, M. Kusunoki, M. Mukaidaa, H. Yamasakib, Y. Nakagawab, “The correlation of the

critical current density and surface resistance of YBa2Cu3O7-δ thin films”,Physica C 372-376 (2002) 671-674.�

[25] Daniel E. Oates, Member, IEEE,Alfedo C. Anderson, David M. Sheen, and Sami M. Ali, senior Member, IEEE “Stripline Resonator

Measurements of Zs Versus Hrf inYBa2Cu3O7-x Thin films”, IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES,

VOL 39,NO.9,SEPTEMBER 1991.�

[26] J. S. Hong and M. J. Lancaster, “Design of highly selective microstrip bandpass filters with a single pair of attenuation poles at finite

frequencies,” IEEE Trans. Microwave Theory Tech. ,vol MTT-48, pp 1098-1107, July 2000.�

[27] Jinhue , Keikichi Nakamura, “Relaxation of crystallographic defects in YBa2Cu3o7-δthin films by heat treatment and its effects on Tc,

”Physica C 254(1995) 113-123.�

[28] J. S. Hong and M. J. Lancaster, "Couplings of Microstrip Square Open-Loop Resonator for Cross-Coupled Planar Microwave Filters" IEEE

Trans. Microwave Theory Tech., MTT-44, pp. 2099-2109, Dec.1996.�

[29] W. Rauch, E Gornik, G. S6lkner, A. A. Valenzuela, F. Fox, and H. Behner, “ Microwave properties of YBa2Cu3O7-x thin films studied with

coplanar transmission line resonators,” J. Appl. Phys., vol. 73, pp.1886-1872, Feb. 1993[30] 謝東憲 “可抑制諧波之高溫超導濾波器研究”碩

士論文, 大葉大學電機系, 民國92年.�

[31] M. Hikita, N. Matsuura, N. Shibagaki, and K. Sakiyama, RF-circuit configurations and new SAW duplexers for single- and dual-band cellular

radios, MTT-S Int Microwave Symp Dig, Los Angeles, CA (1999), 1445–1449.�

[32] H. Hashemi and A. Hajimiri, Concurrent multiband low-noise amplifiers: Theory, design, and applications, IEEE Trans Microwave Theory

Tech 50 (2002), 288–301.�

[33] K. Wada and O. Hashimoto, Basic operations of open-ended resonators and their application to microwave filters, Proc Asia-Pacific

Microwave Conf, 2002, pp. 1298–1301.�

[34] J.-T. Kuo and H.-S. Cheng, Design of quasi-elliptic function filters with a dual-passband response, IEEE Microwave Wireless Compon Lett 14

(2004), 472–474.�

[35] D.R. Jachowski, Folded multiple bandpass filter with various couplings, U. S. patent, 5410284, Apr. 25, 1995.�

[36] J.S. Hong and M.J. Lancaster, Couplings of microstrip square open-loop resonators for cross-coupled planar microwave filters, IEEE Trans

Microwave Theory Tech 44 (1996), 2099–2108.�

[37] J.S. Wong, Microstrip tapped-line filter design, IEEE Trans Microwave Theory Tech 27 (1979), 44–50.�

[38] J.S. Hong and M.J. Lancaster, Microstrip Filters For RF/Microwave Applications, Wiley, New York, 2001.�

[39] Chang-Soo Ahn, Juseop Lee, and Young-Sik Kim,“A DUAL-PASSBAND MICROSTRIP OPEN-LOOP RESONATOR FILTER,”

MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 46, No. 3, August 5 2005.�

[40] Juseop Lee, and Kamal Sarabandi, “A Synthesis Method for Dual-Passband Microwave Filters,” IEEE TRANSACTIONS ON

MICROWAVE THEORY AND TECHNIQUES, VOL. 55, NO. 6, JUNE 2007.


