Fabrication and Characteristics of High-Order Cross-Coupling Filter Using YBa2Cu307-d
High-Tc Superconductor
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ABSTRACT
ABSTRACT In this work,we fabricated the high-Tc superconducting filters by pattering YBa2Cu2Oy (YBCO) films deposited on
LaAlO3 substrates. We used an off-axis magnetron sputtering system to deposited large area YBCO films for fabricating six-pole
filters, four-pole filters and ??4 cross-coupled bandpass filters with different feed structure. We design six-pole 15 mm-miniaturized
hairpin-type filter, four-pole 10 mm-miniaturized hairpin-type filter, and ??4 10 mm-cross-coupled bandpass filter with a pair of
transmission zeros near the pass-band edge, in which the center frequency (fc) is around 2 GHz and 1.9 GHz with a 20 MHz
bandwidth. The designs with step-impedance resonators technique for the high-order harmonics are developed in this work. The
four-pole cross-coupled bandpass filter suppressed zero and non-zero spurious frequencies more than 50 dB. The six-pole
cross-coupled bandpass filter suppressed non-zero spurious frequencies more than 30 dB. At 77-K temperature, where the center
frequencies of the high-Tc superconducting filters are 2.11, 2.1, 2.17, and 2.25GHz, the insertion losses are 7, 5.8, 1.6 and
2.3-dB,respectively. The results are discussed and compared. Key Words : YBa2Cu3Oy (YBCO)O spurious frequencies

Keywords : YBa2Cu30y[ Spurious frequencies
Table of Contents

oooooooobooobooOoooooUoooo0ooooOooOooooOooOoOoDOOOobDoOoOoOoDOoOoOoOoDon
coooooooooooobwbOOOOoOoDOOoO0OoDO0oOoOoDOOoO0OoODOOOOobOOOOvbOOOoOoOoDOOO
coooooOo0ooOooOoUooOooOoOobOvibOooOoOOOOoUOODOOOOODOOOODOOOODOOviibOoOO
goooboobobobobooboobooboobxobooboobooobobobobooboobooobon

OxvOOOOO1100000000OCOO00ODOOOO0ODOOOO0 1111000000 O0DOO0O0ODOOOOOO
gb111200000000000000000000 2113000000000DLO0DODODOODLDO0O 312000
o0o0boOobo0oooobooooboobOo41210000b00000(yBCO ODODODOOOS12200000000
gboooboobgobbosiz23dbogboobooboboooboobuesl3bbgboobuooboobono
gbooobgr7bobO0obo0oboobOobb21000b0o0bOobo0obOoobOooboboOo s2200bOO
O0000O00O000O0obOo0ooOonD 822100000000 DbO0OOUODODbDOOOOs822200(mO)pOOODO
goooboob 132230 00000000000 0O00O00DOODO 172240000000000000000D0OO
021230000000000000000000000223100000000000O0000O0O0DO0O0O 252.3.20
oooobo0obobboboooboo 2800 0oboobooboboobo 10oboobobooobOoobOon
oboo0bdOos332000b000b0o0boboboobo0oboboboss33gnoobooboobooobuoobon
gbo0403310000000000DO00DO0ODODOOD4033.2000b0b0b00bD00bOobODbUODbOO413400
00o00ob0o0obobboboo0ob0oobOb423410 0000000000000 0O0DO0O0O 433420000000
000000000000 4535000000000 000O000DbO0ObDbO0ODbDOO493510b000ooboobOon
goodb 4000 000000D0 410000000D00D0OODODODOODOODO S7T4120000000D0OO
OO0000000065741200000ffaxis 0000000000 L8420 0000000000000000DOO0
gbeo43000000D0OOLOOODOODOOODOODOOGI44000000DODOOODODODOOOOODODO 620
U0 o000booboooobbobo0ooboobOoooOooDess1bobooooDoDboboooobDOonbDOges

520000000000Db0b000bOUObOb0OOeerb3IDbUOOODODOOODODOODbDOOOO 7054000
gbooobgoobob oboobgoob @Bdobboboboobooboboobooboobobooboo robOoD
O00o0o0O0o00oOooO0UobOOooOoUooooUOooOO0 021000000 OOO0ODOOOOOoDOOOT
Ooboooooboooobooooooboboo ooooboooboobobboooobDobbogoDoDboooo
0z22000000000000D00000O00D0OO0O0O0OD 100023@UOObOOOODOObOOODOObOOOO
gooOoob23p00b0000 0oobooooboboboooobio023cbboooboooooboOo oDbO
ooodbdbi12024@Uib0000obo0oO00o0oOoob0o0oO00obO0b00 oo OobDOobOOOoDOOobDOobOboOoo
gooob obooboboooboobobboboobooboob0oydOo 2s50b0o0obOobooOobOoOoDbOon



000000000 140 2600000000000 00O000O0ODO0O0OOODO0O 26O ODO0OOOOTOOO
O0000O0000D00DbO1026c000b0000ODO0O0ODO0ODO0ODOODOODOOD 160 270D O0OD0ODO
O000DbO00000O0oboOoD1d 2700000000000 DODO0ODOODO0ODODOO 28000000
gdoooboobobobobooobgobo 190 2900000b00b00ODO0ObDO0ObOoObOobDbOO 200 21000
00o00bo0obobboboooboobooo2s0 211000000000 00Db00Db00ObDO0obOOoOobO29d
2120 000000000 DOO0OOO0ODOObOO0ODb290 230 D000 DbD0O0DLOO0ODbOODOUObOUObOD 30

0214000000000 0000000000D00310 215000000000 0DO0O0O0OOD0OOOODOO

o030 3-10b000ogobooooooboooobobooooDs3zg 3200gooooooobooooooon
0000030330 0d0mobooonoEuobooooonob 4034000000000 000DODOOO

OO0000003%03500000000000000D0000D0OO0O0O3O36@EDUODOOOEUIDOOO(
gboooboobg3rg s-rgbooobooobooooboobooboobonb3sn 3-8 oooooaon

gooobgoobobbob 3v0s3gononooonooobuooboobooboobono¢n s3-1oogogoon
gooobgoobobboobooboob a0 s-110gbooboboboobooboobobboobnod420 31200
goooboobobbobooboobobob 48U - BsnuuboboboboobooboobobboobO 440
400000000000 00000O000DL0O0Db0ODbD 440 3-150000bOoO0bOobDOoO0obOo0obOooboOobo

o040 3-16000000000000000O0000O000O00O0O0O460 3-17000000O0O0OO0ODO0ODOODOO

gooodbd47g 3180 0D00oooboobooboboooboobo47o s-190gooobooboobon

o0o0b0oobOo480 320000000000 0D00O0ODO0DOODbOODDOO480 3-21200S8IROOOOOOO
ooooboobgoboboboson 3-2200SIROOD0OO0O0OO0OOO0ODOO0ODOOODOOOS0D 32300 00000
O0o00obo0obOobbOoboobo s s2400 00b000oboobobo0obo0obuobobos1Oos2s0000

oooobooboboboboooboobs2b 3260000000000 0DO00O0DODO0ODLODODOOOS20O 32700
0000ob0o0ob0obOboOoboo0oboobOoobossfds3-2800 Db bO0ObD0O0ODbDO0bODbOObDO0OD 5403-29
00 0b00o0ob0o0ob0obooob0o0obOobobOobos40 330bpboooob DboobobobooboDoobOoo

550 3310000000000 00000000Db0O0bODbDS0 33200 0b0oboboboDoobooobooDoo

o000 s5033300 0000000000000 0000ODO0O0OOS0 410000000 0D0OOOODOOO
OO0O0000O0s804200000ffaxi)D 0000000 OODOOOOODOS0O 4300000000000O0O0O
oooobooboooooe3dl 4400000000000 0DOOOLOODODOOOOD MO SSIO0OOODODO

Uo0oooOobo0oooobooogoesh 200 00Db0D000OODUObOOODUObDOODOOD 66D 5-3000

gboobgoobobbooboobgoobgobbe7 s-40000000000DO0O0DOODODOODOOD 68

gss50000b000b0boooboobopnooboobesy s6ebbgboobooboboobooboon
goOvo0s70obobboobo0oboboboboobooboonrios8noobonoooboooboonbo

googobg 720590000000 0000000D000DbOO0DbOobDO 3051000 bOobOO0obLOoOobOoonon
goooboobgob7os1npoo00gboobooboboobooboobobooysos12000000000

goooboobobobobodyedbO Db2100000ON=40 ODODO0ODODODOOD ODOO 230220000
ON=60 DO0D000D000000000002302300000N=80 DO0OO0ODO0ODLOOO0DODOO0O2404100
00o00bO0o0bOobobOobbooboooboobossus1000b000boobobbob0o0obo0obononn e6
0520 000000000000 0DO00DO0ODOO0ObOO0Oe80S3 OO ODOODbDUOODObDDODODOODOn
oboo710540000000000000DO0DO000DOODODDO74

REFERENCES

0000 [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 1994.00

[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 1984.00

[3] G. L. Matthaei, L. Young, E. M. T. Jones, Microwave Filters, Impedance-Matching Networks, and Coupling Structures, Artech House ,1980.00
[4] David M. Pozar, Microwave Engineering, Addison-Wesley,1993, Chapter 8.0

[5] E. G. Cristal and S. Frankel, “ Design of hairpin-line and hybrid hairpin-parallel-coupled-line filters,” 1EEE MTT-S, pp 12-13, Digest 1971.00
[6] G. L. Matthaei, “ Interdigital band-pass filters,” IEEE Trans. Microwave Theory Tech. vol. 10, pp 479-492, 1962.01

[7]1 R. Levy, “ Filters with single transmission zeros at real and imaginary frequencies,” IEEE Trans. Microwave Theory Tech., vol. 24, pp
172-181, Apr. 1976.00

[8]0.LlopisandGraffeuil,J. Less-Common Met.,164-165, pp.1248-1251, 1990 [9] 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 and Tech., vol.48, No. 7,



July 2000, pp. 1098-1107.00

[10] J.S.HongandM.J.Lancaster,"Microstrip Filters for Rf/Microwave Applications™ John Wiley[d Sons, Inc. 2001.0

[11] J.H.Lee,” Microwave Properties of Large YBCO Films on As-Prepared and Annealed MgO Substrates” IEEE TRANSACTION ON
APPLIED SUPERCONDUCTIVITYO 20030 [12]000,” 00000000 0OO0OOOOOO” DOOO,0000o0oo,0o900
[13] Jia-Sheng Hong,” Design of Highly Selective Microstrip Bandpass Filters with a Single Pair of Attenuation Poles at Finite Frequencies ”
IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 48, NO. 7,JULY 2000 [14]0 000000 OOOO
000000000 000000000 [15]L.M.Wang,Chen-ChumgLiu,Mao-YunanHorng,Jyh-HaurTsao” Gro-wth and Properties of
Double-sided YBCO films Deposited by Off-axis Sputtweing for Microwave Applications” Journal of Low Temperature
Physics.\VVol.131.Nos3/4.May 2003 [16] 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" 0 0 0 0 00000000000 OOO0O

0 2002 [17] 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 [18] M. Makimoto and S. Yamashita, “ Bandpass filters using
parallel-coupllel-coupled stripline stepped impedance resonators,” IEEE Trans. Microwave Theory Tech., vol. MTT-28, pp. 1413-1417, Dec.
1980.0

[19]Darine Kaddour,” A Compact and Selective Low-Pass Filter With Reduced Spurious Responses,Based on CPW Tapered Periodic Structures ,
" |EEE Trans.Microwave Theory Tech,June.2006.0]

[20] M. Makimoto, and S. Yamashita, “ Bandpas filters using parallel coupled stripline stepped impedance resonators,” IEEE Trans. Microwave
Theory Tech., vol. 28, pp. 1413-1417, Dec. 1980.00

[21] J. S. Hong and M. J. Lancaster, “ Couplings of microstrip square open-loop resonators for cross-coupled planar microwave filters,” 1EEE
Trans. Microwave Theory Tech., vol. 44, pp. 2099-2109, Dec. 1996.01

[22] S. Y. Lee, C. M. Tsai, “ New cross-coupled filter design using improved hairpin resonators,” IEEE Trans. Microwave Theory Tech., vol. 48,
pp.2482-2490, Dec. 2000.00

[23J000“ DO00D0O0000O0000O00O0O0O0OQ0O0OO0OO” DO0O0,0000000,00910 24000, DOOOOOO
00000000 0000,0000000000,00930 [25] EishergRobert, "0 00 00O,"00O77



