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ABSTRACT

Narrow-band microstrip cross-coupled band-pass filters based on the quadruplet geometry are fabricated for

wireless-communication applications. We have fabricated the high-Tc superconducting filters by pattering YBa2Cu3Oy (YBCO)

films deposited on double-side 15-mm-square and 0.5-mm-thick LaAlO3 substrates. The flux pinning in YBCO resonators is

increased with an artificial magnetic lattice of Nd0.2Sr0.8MnO3 (NSMO) pinning dots. The design of bandpass filter consists of four

rectangular microstrip open-loop resonators. The inductive coupling between the non-adjacent resonators produces transmission

zeros in the frequency response. Due to the presence of transmission zeros near the pass-band edge, a steep skirt characteristic is

exhibited in the frequency response. Our 4-pole 15-mm-square filter has a 2.15-GHz center frequency with a 10-MHz bandwidth

and a 0.14-dB maximum insertion loss at 77 K. The results are compared with that of an identical YBCO filter without NSMO

pinning dots. The influences of the flux pinning on filter performance are discussed.

Keywords : YBCO ; flux pinning ; NSMO ; transmission zeros

Table of Contents

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　緒論 1.1 研究背景．．．．．．．．．．．．．．．．．．．1 1.2 研究動機．．．．．．．．．．．．．

．．．．．．2 1.3 論文架構．．．．．．．．．．．．．．．．．．．3 第二章　微帶線濾波器基本理論 2.1 濾波器基本

型式．．．．．．．．．．．．．．．4 2.1.1 頻率響應特性．．．．．．．．．．．．．8 2.2 傳輸線與微帶線．．．．．

．．．．．．．．．．10 2.2.1 傳輸線原理說明．．．．．．．．．．．．11 2.2.2 微帶線原理．．．．．．．．．．．．

．．13 2.3 S參數之定義與物理意義．．．．．．．．．．．17 2.4 高溫超導體概論．．．．．．．．．．．．．．．21

2.4.1 超導電現象與反磁作用．．．．．．．．．21 2.4.2 高溫超導體與介電質．．．．．．．．．．22 2.5 超導電性理論

．．．．．．．．．．．．．．．．25 2.6 超導體傳輸線分析．．．．．．．．．．．．．．32 2.7 A-K 磁通蠕動模型．

．．．．．．．．．．．．．39 第三章　交叉耦合式濾波器之原理與設計 3.1 直接耦合型式與交叉偶合型式濾波器之差異

．．．46 3.2 交叉耦合型式濾波器之設計原理．．．．．．．．47 3.3 共振器耦合形式．．．．．．．．．．．．．．

．54 3.4 交叉耦合型式濾波器之實際設計流程．．．．．．63 第四章　實驗方法與步驟 4.1 研究架構流程．．．．．．．

．．．．．．．．．．． 4.2 大面積超導薄膜製程．．．．．．．．．．．．．73 4.2.1 雙離軸式磁控濺渡方式．．．．．

．．．．73 4.3 樣品製作流程與製程技術．．．．．．．．．．．74 4.3.1 大面積YBCO薄膜與濾波器的製作．．．．74

4.3.2 NSMO磁性點的製作．．．．．．．．．．．75 4.4 蝕刻方式的選擇．．．．．．．．．．．．．．．77 4.5 封裝與

量測．．．．．．．．．．．．．．．．．78 第五章　結果與討論 5.1 YBCO具磁性點與不具磁性點之釘扎能的比較．．

．80 5.2 具磁性點與不具磁性點高溫超導濾波器頻率響應之比較．．．．．．．．．．．．．．．．．．．．．．．83

5.2.1電磁分析軟體模擬的結果．．．．．．．．83 5.2.2 超導濾波器實作量測結果與模擬結果比較．84 5.2.3磁性點超導濾

波器實作量測結果．．．．．85 5.2.4超導濾波器實作與磁性點超導濾波器比較．86 第六章　結論

REFERENCES

[1] Roger Wordenwsber, Peter Lahl, and Jan Edinfeld “Improvement of the Microwave Properties of Y-B-C-O Films with Artificial Defects”

IEEE Vol,11 No.1 March 2001 [2] David M. Pozar,“Microwave Engineering second edition,”John Wiley＆Sons, Inc., 1998.�

[3] Zhi-Yuan Shen,“High-Temperature Superconducting Microwave Circuits,”高立, 民國86年.�

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

[5] Eisberg Robert,“量子物理學,”復漢,民國77年.�

[6] Charles Kittel,“固態物理學導論,”高立,民國86年.�

[7] 傅勝利,“電子材料,”全華, 民國89年.�



[8] 張裕恆、李玉芝著，超導物理，儒林圖書公司， 1992年初版。�

[9] P.W. Anderson, and Y.B.Kim, Rev. of Mod. Phys. (1964)39。�

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

[11] 陳奕璋, "具高選擇性微帶線方形開迴路共振濾波器" 碩士論文, 民國89年.�

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

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

[13] B.-C.Min, Y.H.Choi, S.K.Kim, and B.Oh, "Cross-Coupled Band-Pass Filter using HTS Microstrip Resonators" IEEE Trans. Applied

Superconductivity, vol.11, no.1, March. 2001.�

[14] L.M Wang, Mao-Yuan Homg, Chen-Chung Liu, and H.H Sung, "Narrow-Band Filter for the Frequency Range of 1.9 GHz Using

Double-Sided YBCO Films on 20-mm-square LaALO3 Substrates" 中日超導量子干涉元件暨通訊電子學研討會，2002 [15] Wang, L.M.;

Mao-Yuan Horng; Chen-Chung Liu; Jyh-Haur Tsao; Sung, H.H.; Yang, H.C.; Horng, H.E.;”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” Applied Superconductivity, IEEE Transactions

on , Volume: 13 , Issue: 2 , June 2003 [16] 張盛富、載明鳳 無線通信之射頻被動電路設計”全華，民國九十二年


