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1 (MEMFE) (a) %18 SRLR ZHE; (b) ERFUERE; (o) HRFHRE

Figure 1 (Color online) (a) Layout of the proposed multi-mode SRLR; (b) DM equivalent circuit; (c) CM equivalent
circuit

B 2 @A L R AN 7 R, 208 P IEA% 1 R E Z2 3] T R 2 D6 0~ S
Bk [9,10] R ERFHPTIEIRES SIR (stepped-impedance resonator) K% TH X0 iy “FAT jE 25, WL
R A% ) BELAT BN R B2 LSRR S IWOU0E 7 R Y 428, 30 I E TR 3 Hhon 308 S T A SR 583 CML ). 4%
1M, LTI SIN T 8AMA e, SECET R IR, BTk, AR R TR A I OB R
a1 RN TR PR AT 20 H R 0 A BB I e (00 AN 2240 I8 N I CM B Ak, BN
BRI IR 2 116] A BAEEPT SRLR (square ring loaded resonators) M7 AHZk 4 $2 H, 75 BE &R [
BT T P ORGE AT I A, HCd ik AR T B I A [7] K BE B TR BR A TR SEE OML Mg S
il SRT, A4 SRLR RA PIARAL TS, P = 2 9% B 1 B EE R [RIN 42 ZE 4% DM (differential
mode) R LA SAMH] CM g7

IEHER, SRS HTS (high-temperature superconducting) #4484 UL AR FEMI M REAL 5, 7R
WAV N AR S Bk B R 5] 7. HA, B RAMARE SN R T X XGE T HTS JERE AT
T s 00~26] ) RSk, SR HTS PPRNS THRGE i 3% #8 (F F AV A A T k0E 27, e
Gh, FEIE I8 PCB AR 5 I R0E 5 VA7 I 2% b, D BeAE B v v (R 2 AR 7 (1) CM
FNHEIFD DM AT DR, PRIk, B[Rl B A CM R s ) A AR A v S A S R 1 (1 = By
KT 7 ey ok A T U A T SR — AP

BT BRI A I HAR R BT R, A H T — M A 28 SRLR RS, it 17—
B A FEAN R CM e 75 0] £ U i X oy~ e 3 B . 55Tk [27, 28] H A& 48 SRLR ()
WA TTEAH L, B B 245 SRLR S5 #6506 B~ 25 A e vk 7 A RIS B %6, 72K 1(a) )
PRI AER 83 10 U0 A A g w35 (6 i P BB JLT DAZE DM SUBh T, 580 R 3 H 1 42 9 A 22
SRLR B2 [H IR 4. ok, B 1(b) AR H LB IRES AR SN, T R A 7L H
FH s TAEMR A 5. FLIK, %28 SRLR £ CM g /& #7571, JC /s At it, I X —4F
P RE A JLATING: P AT v AR R B[RV B, 3G 80k N 1 i B~ e g v HMERE . 2R T Rk, —
3 e T4 BB UUER i 68 T AT U U 2 e B v A 3
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Y odd

inDM

|||—
1
=

(a) (c)
2 (MEMFE) (a) H RERFHER; (b) FEFYAEE; (c) BRFHER

Figure 2 (Color online) (a) H-shaped DM equivalent circuit, its (b) odd-mode and (c) even-mode resonators

2 #E LR SRLR EHRFA 24

Fri i 245 SRLR IS 1(a) B, B RABRIFTEIEIRE (Y0, 40,+463) A1 6 DITEEEL
LR, S Y A 0 A BRI B SR SRR, (£, BRI
FE. T HE— SR, BiF 2B SRLR S5HIER Y = Yo = Vs = Yo BUR Vi = 2%, 1T
U MU AR BRAER, R SE R AT DL DM CME A RORBRIET 407, -3 1(0) A0
2.1 EREEHIEH IR

2 DM i, fE 2 SRLR X FRAOANERCE 9%, HUL, IR (04) A TR, A
M 2(a) T HJE DM S5, BT DM SERCE AR T Hrpl P A-A7 T3R0S FR4Es ),
PRl A R I IR M DM SE RO, 233 B 5 BB S, o T iR A 1 O A A,
K 2(b) Fs. BRI, ARl dRas s A 9y mT LUHES

Yol | = Vi (tan 0y + tan f3) — tan 6 tan 6, tan 0375 tan 6 tan O3 + j tan 6; (tan Oy + tan f3). (1)
FIEE, 1B 2(c) FFRVERERA SR LR A

even 1 — tan #3(tan 61 + tan 05)
Yinpm = 11 jtanfs; + jtanf; — tanfytanfs’ 2)
BB, 4 Vi, = 0, AT DAHE 345 31 2245 FL 2R 1) A A AR PRV IR 2% A 40 il 9

(tan s + tan f3) — tan 6 tan 65 tan 63 = 0, (3)

1 — tan f3(tan 6y + tanfs) = 0. (4)
MRAEVEIRFAT (3) 1 (4), DM BRI TP TR BB IR far M fao BRIBHCCAVCTEXCE . H Tk,
TR (AU IR 5% (TR 25 A 7T LAt — 2D HES O

tan (fdl X 92) + tan [fdl x (90° — 92)] — tan 6 tan (fdl X 92) tan {fdl x (90° — 92)} =0, (5
fo fo Jo fo
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45 /
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3.5

/., (GHz)

30k 80°

25F

150 80°
I 30° 450 sse 65°

L5 0,—%

1 n 1 n 1 n 1 n 1 n n 1

12 14 16 18 20 22 24 26
f,, (GHz)

20F

3 (MERFE) 218 SRLR WA NERME fo 1 foo SFERLT 01 F 0. WTEUER
Figure 3 (Color online) The first two DM resonant frequencies fg; and fgo versus 61 and 62 under condition of 2 + 63
= 90°

1 —tan (‘fd2 x (90° — 02)> {tan@l + tan <fd2 X 92)] =0. (6)
fo Jo

#R (5) A1 (6) T, fo REKERN 0, + 05 = 90° I 1/4 PAKKREIRIR. A h, ra s
KT AR IR — IR f, & TFARIM. REX (5) A (6), Frigti 24 SRLR [ DM A%
Bt Pk B A 3 s, iZE SRR E Yy = 0.016 LUK fo = 2.5 GHz 44 T, DM A BB IR R
far U fao HITERET S 0, A 0, ARG R.

M 3 AT PIOEATH, 2 0, [FE AR, far M fao BEE 60 IR/, 55—J7MH, 2 6,
SERE, B 0o (3K, far WEK, fao JeIBU/NEHER. BT U0A0HT, MBI DM ERIR fi1 A fao B
SERF, FRATAT LUARE I 3 Bos e B A& B K E 0, A1 0, BOME. FERIERE B AT AN AR 2(a)
Z 5% SRLR IR B L. Ik, B 3 G F T 570 SRLR 4544 DM HLES I 300

2.2 EREH AR ARG 34T

2 CM BRI, Frig 24 SRLR ) CM SERCE K] 4(a) Fis. BT CM R0 FLEE AR XS T
HUGAFIRT B-B @RI, B DA AR AU IR g Wi 4(b) A () B, MRIEEIRFMF Vi, = 0,
AT LA 3 OM WUl T BRI AR HiR 85 B R 261, 40T B

1 — tanfs[tan 6y + tan(fs + 64)] = 0, (7)

tanfy + tan 6y + tan(f3 + 64) = 0. (8)

e CM BB T HIEIRSEAE (7) A1 (8) 5 DM #Uih T IR AE (3) A (4) EATELARL, TRUAELR
K 0, AT DISLIE%E CM BRI, T AFENT DM ISR, JE TR, & 5 45t 77 CM Al DM
TEIRIURAAR T 04 BRI R, WEITRRT G H, BE 0, HK, CM BIRIIE fo, fo M fo AFLR
FHGAL, 1T DM EIRIAR for M fao FEARTRFFIEE AL, I, AT DS, A TFBRECY 04, RENESE
U %] CM OB IR T ANFENT DM S IRATE.
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Yl 1
I ‘/Z Y4 94 Y3 03 Y’? 92
| i
(b)
Yl 81 I
| .
Y, I 20, inDM 1
Y, 0, : 1 9
| v, Y, 0, Y, 6 Y, 6,
B Y4 94
(a) (c)
4 (MEHRFE) (a) H BIRFYBE; (b) TRFUBE; (c) BRFHRRE
Figure 4 (Color online) (a) CM equivalent circuit, its (b) odd-mode and (c) even-mode resonators
7 3.0F
or 2.5¢
S ~
= 5r N 2.0k
jan)
2 e
g4r g L5f
2 8
g5t & 10}
= e
2F 0.51
1t ! ! ! ! ! 0.0t L L

20 40 60 80 100
Electrical length &, (°)

ol

0 20 40 60 80 100
Electrical length 6, (°)

5 (M%EHFE) DM 1 CM ERSIERS A ERIE
KE 6, HTLXERE

Figure 5 (Color online) DM and CM resonant frequencies
versus 64 when 61 and 02 are constant to 38.3° and 55°

6 (MEMFE) ERMILEMEEESNEEK
B 0. MEHXFR

Figure 6 (Color online) The frequency differences Aq,
Ao, Az and Ay versus electrical length 64

under condition of 63 + 03 = 90° and fo = 2.5 GHz

N T kBT M 28X SRLR A Z LB 7 B RePE, B 6 45 th TR ZE Ay, Ay, Ay HI
Ay SRR 0, FIARLRR, i Ay = [fa—fal, A2 = |fo—fal, As = [fo—Ffol & Ay =
| fes—fazl. MWEIATLAEER], BEAE 0, HEK, Ay PEGIC, T Ay, BN, SHFER, Ag A1 Ay 56
PNEHR, FEH Ag Al Ay 2 RI7EE 6 AT A (64 = 50°) Fl B (64 = 70°) AbEIE #ZRI#)%/IME 0,
SMMEZRIR 2 04 BUEDN 50° F170° B, feo = fao BN fes = fao. TOR, AVCTHR EHETT 0, UEAE A
A B g, DAEIN £ AN £y Z TR SER AT RG. (R E n] DAAS IS 2 e 0, RERS SEILEANEZ I DM
AnEam B RS SL R, T CM IERAZE & DM BRSNS TR, AT RSP g 2E DM il
A CM M S R
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1
Lz IL3 ¥ L4
! >ile
7,
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s
> >
ng g23 g34

7 (MEIRRE) PO R TR R 28 A A E
Figure 7 (Color online) Configuration of the proposed fourth-order balanced dual-band BPF

Path I

/@ /G* /0\“ ‘\*>>

| #

adm@

Path II

B 8 (MLEhRFE) MM BT FERERNERBE XRE
Figure 8 (Color online) Coupling diagram of the balanced dual-band filter

3 Wil FENEK R

ARATVEAN A 1 UERAR M BT RS, 1 5, ARIEBTHE bR B TARSUR TR 24 SRLR #oT4s
R R ek, AR T8 AN SURBUEDR, SR MAR it o R (Q.) MR & ¥ (M) LAIE RN &
SR RAT . oa, Bl SEEL T BATEBRSAE, MR R OM R S H R (4 008 A T
JEBRS. % TS RAR A IR AN 7 PR, AEEREUI T, RS HRINNE 8 PR, i S AL
o AR AR G L, Ry, Ra, Ry A1 Ry T RAURZ L SRLR.

3.1 %% SRLR IE#RkEFAY/NEULIZIT

RIEEE 2 TR0, ATAEK 28 SRLR B4 DM ERIE fou M fao 2HIEIHE 2.2 GHz
A1 3.5 GHz, Wl 3 2 S s, vTLMSRIEKEE 0, F1 6, 43708 38.3° Fl 55°. thAh, AT % CM
AR ES DM AR, iRIEE 6 AT, 4 0, = 30° (K 6 PR FTR) B Refs 2 e 2ok, 48 b, |
Kl 5 Fl 6 /53] CM EIRMZFE 5N fa = 1.8 GHz, fo = 4.23 GHz Ml f.3 = 4.9 GHz. R4 FER1H
AR, AT DA AS B 9(a) FHIZ R SRLR BV Z4 Loy = 4.9 mm, Ly = 7.03 mm, Loz =

4.17 mm, wo; = 0.3 mm, M wee = 0.6 mm.

5 &R b R R O BR A, BATXS P th I 2 4L SRLR FIcHh A5 BAT 1 it — ik, LAk
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03
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2L, = e L,
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—100 |~

-120
1

Frequency (GHz)
(©)

B9 (MLKERFE) (a) FIELZ1E SRLR HIRTTEHE; (b) BUARA) SRLR FH[E; (c) H5uSm st
Figure 9 (Color online) (a) Proposed SRLR; (b) folded SRLR; (c) S21 magnitude of the folded SRLR under DM and
CM excitations

®1 9(b) HHYETEMMMIERT (mm)

Table 1 Geometric parameters of the SRLR in Figure 9(b) (mm)

Parameter Value Parameter Value Parameter Value Parameter Value
Ly 8.6 Ls 0.875 Ly 1.1 Ls1 0.55
Lo 1.6 Lg 1.1 Lo 3.2 L2 0.48
L3 1.9 Ly 2.125 L11 0.3 w1 0.3
Ly 1.6 Lg 0.7 L1 1.75 w1 0.5

o i R BB RS R TR A T2 8942 T. Rk, B 9(a) AT I 24 SRLR 17 TERARIEL 15
B 4T B A/ FLES ST, 252k S 79 SRLR. IS M 9(b) Fiow, iZ S5 M DURN T LS FRAARR, 186
BARTE T REA SR RIEYE, XN Ja S P IE s 2R G R AR DU R T T H . B EM &
A Sonnet AL, # 1 44 H T B 9(b) HEAK SRLR SHULAL 5 RIEE R <F. b4, MR DM 1
CM FZEma BRI 9(c) P, MBI IS 2 o 5 24858 SRLR TARLE 2.2 GHz 1 3.5 GHz,
W R TR AR K.
R AR RS RN
B 3.1 /NI AL oA SRLR (1 /MEIRIEE 43 3l TARLE 2.2 GHz 1 3.5 GHz, [FBSiZPUFT (n
= 4) BUB A THTIHEP 35 10 70 B0 % FBW (fractional bandwidth) 23514 2.4% 1 3.5%. HR¥E _Lik$Ehx
BRI CER [29] BFEA 0.1 dB SO HLCFRIPIEL S K (Chebyshev) 13 J5 51 18 i 2% 1 48 4 fL 2%
TCHE N go = 1.0, g1 = 1.1088, go = 1.3062, g5 = 1.7704, g4 = 0.8181, g5 = 1.3554. [A]INF, FEiIHE
A RH M RN SR E T Q. mTLLE LT A AR 3] 29,

FBW

3.2

Mij = —, (9)
V995
_ 9091
Qe = FBW' (10)

SEEUENAR BT RS, JEBARH) My 1 Q. MR4E EATHEAR R, Ko@) Mi, = MY, =
0.02, ML, = 0.029, Q' = 46.2, 3 @5 M, = MY, = 0.016, MY, = 0.023, QI = 31.68, ks 1
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=
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) = éandl
“o—Band Il —F—pandl
R ~o~Band IT
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10 (RMEEKE) BERK M, MRAMESKNXEE. (a) ¥ s = 0.56 mm B, @55 g HZWK; (b) 4
g = 0.16 mm A}, [EE s B9

Figure 10 (Color online) Coupling coefficients M;; as a function of (a) coupling gap g, where s = 0.56 mm or (b) coupling
space s, where g = 0.16 mm

10 73 RS S — A ER 3ty O 1 SEELPT s (A & AR50 M, ARSI 3 Q. IMEL, 72 EM {7 K
- Sonnet BT, M;; A Q% W LT LT 45 2 HK 29):

fi = fi
M;; = , 11
fia+ 1t -

P fdi .
Qe—Afigoo, 1=1,2,..., (12)

Hot A figoe FREHRIFAAAL N —90° F] +90° AHIMAL N . fu A fr 3 nREREE IS, DI
A g 2B A IR

Bl 10 i 7 ANEAT IR G RE M, SAFEREEGHB ¢ A1 s MR R, W LAIERAS 3, b
FAETAIBR g F1 s BOARR, PRSI A& RECR R, B, W DOE & B F ) g A s HE R
RPT RS BB TR,

Fy—J7 L, D7 EAT R AN SR AR A Q. SR AR Ly M Ly, KRR R, W
Kl 10 Bros. SEE Ly T 1.95 mm AR, BASEG RIS Q. SHEKE Ly KR
W 11(a) PR, BEERE K Ly K, PTLORES] QL 2 RIN QU JLPAZ. [FFEH, Kl 11(b)
IR T Ly = 4.05 mm B, PIANEAFSMS SR HE Q. SREKE Ly, PR R, o LSS
B, B Ly, B3N, QL A1 QI A g/, BRI, AR 58—l T i) QT, 56 mT LA 11(b) #i5E
A KR Ly MRS, B, B 11(a) $RBNE RS BRI QL RIAE Ly KRS &M
ERETHEER, M ESRRIN Qo, M2, Mog Al Msy 507 FERHURE AT LLEL, DAAS BIFE& 450 R
SfLAERAE R T UT SR g12 = g3 = 0.12, gog = 0.06, s12 = s34 = 0.45, sa3 = 0.53, Ly = 4.05
Ml Lyp = 1.95 (FTAMESI L, mm JyAir). P00 g 43 10 07 45 R & 12 PR, s8R RR =
REATAR I B 5 £ R 2 SRR FL AR AR i 2. AN DM AR i 37 m] LA B, i3 2% 198 Sy o ) TAE
7t 2.2 GHz Ml 3.5 GHz, AHRN.] FBW 435108 2.6% A1 3.4%, 1X 5 B i FIEARFe AR AW & . th4h, |
T CM SR THIE B DM AER, PRt i (0 i85 #8 E ZE i Ay AL 1Y) CML e 75 ik R S,
/> DM @ AL CM M 3] 20 50 A 95.4 dB AT 85.9 dB. iX F—kIGIE T, 5464/ SRLR HHLEL, S
R Z 8 SRLR o] DURAL 288 1) i B B EE R 4 DM A1 CM R, stk BA U0 5 14 5 ) sUaE
TR AR
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11 (MEREE) IS RREY Q. METEBEIRETUNXRE. (a) &Y Ly, = 1.95 mm, wy =
0.2 mm AF, Ly B9 (b) H Ly = 4.05 mm, wy = 0.2 mm BY, Ly B9
Figure 11 (Color online) (a) The external quality factors Q. as a function of coupling length Ly, where Lyo = 1.95 mm

and wy = 0.2 mm; (b) the external quality factors Q. as a function of coupling length Lo, where Ly = 4.05 mm and wy
= 0.2 mm

760 -

—80

Magnitude (dB)

—100 [

-120 |

140 . . . . . . . . . .
05 10 15 20 25 30 35 40 45 50 55 60

Frequency (GHz)

12 (MEMFE) B 7 UM -FEERESE DM (Saair F Saa21) & CM (Sce21) BIMAESNZEN
Figure 12 (Color online) Simulated DM (Sgqq11 and Sgg21) and CM (Scc21) responses of the fourth-order balanced
dual-band filter in Figure 7

N T RAGTE OM MR 7S H 5 B RIS CRAUEDL T 1Y) DM PERE, AN I s i 8 232E 1790
e, FE5R 2 T SRR LN X FRTE L AOT SR (Yo A 6,) FTRARAZ SR CM IR AN DM
WERIE I, TR, R0 7 HAAE DM AIASE CM AR I R AR 245 SRLR (A 1 B),
WIE 13(a) B, 1207 S RENSAE T8 Bt — DA ROt s oM S ). B 13(b) JoR T PnikdE
PIAIAN SRR 24 SRLR. ) CM A1 DM A S 73 A 65 ke, PR SR 248 SRLR 4K
00 - B SR A R AN B 14 .

4 FTERHHERENMART
£ EM 1/ HEMF Sonnet MIARALSE, & 2 81 T 14 wh Fr i v g e (0 i AL 1 LT 2 4L
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——CMS,, of type B
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-120
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Type A Type B Frequency (GHz)
(@) (b)

13 (MEIRFE) (a) AMBUARE SR SRLR; (b) MEIMRINRNT T
Figure 13 (Color online) (a) Two types of folded multi-mode SRLR; (b) their CM resonances

Ly &
L f
L 4
| e
L ILs 2 L, L; Ly L
O ; = ()
i le=>i
w
L I L,
11 l=pl
L, > e = e > e
Sia L 523 S34
L, L
>l - > =
&n &1 &34

14 (MEHMFE) ETAMEE SR SRLR WREF &R ERNENRER
Figure 14 (Color online) Configuration of the proposed balanced dual-band BPF with two dissimilar types of multi-mode
folded SRLRs

JsF. 5 7 BA MRS 28 SRLR LR F sk e Al Lk, 2RI 2810 CM eIl iR R 2 T
BEWEE, /£ 0 ~ 6 GHz WAL N SEEL 78T 15.7 dB ) CM M deErE, 5 bR, DM 8
5 P A B LAz 5w, ik 15 .

5 IRKERHIHIEFIGIE

N TAER BRI ES, m R R 2 R SRR ZH Al i) O 0030 5 - iy i 28 4F HAT WU YBCO
I E MO & A BBEHAHE. K 16 A HTS “FHTIEB AN T2, ZIg s iR <N
26.6 mm x 17.5 mm, KZJ°N 0.50\g x 0.33\g (Ag /&SI AL I B K. N 590U A7~ 7 3
PR AARIEFIAYR IR S 77 K, FRE D DR R M BT Agilent E5071C BEA TR, B 17
I 1 A2~V RUIEE  J JBE # E0) 000 2 AR 7 S A g S AR A, G v 7 0 A0 2 7 T 28 P SR e o, R
SR EAIOR. K 18 JBUE A~ iE i & 07 5 5 M 45 R 1 W TSR I, AES 18 AT LML 4G 5],
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*2 ETHMAEZIE SRLR HVEFFERKF[HORT (mm)

Table 2 Geometric parameters of filter in Figure 14 (mm)

Parameter Value Parameter Value Parameter Value Parameter Value
Ly 8.6 Ls 0.875 Lo 1.1 L 0.55
Lo 1.6 Le 1.1 Lo 3.2 L2 0.48
L3 1.9 Ly 2.125 L11 0.3 w1 0.3
Ly 1.6 Lg 0.7 L2 1.75 w1 0.5
512 0.48 523 0.55 534 0.48 g12 0.08
923 0.15 934 0.08 Ly 4.05 Lo 2.89
YR @ O e )
=20[ Firerin = : “‘: 201 Fier i:‘“m
_aol Ijgf'rf ;m _aok figure 7S

Magnitude (dB)
&
3

-100

—1201

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0
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Figure 16 (Color online) Photograph of the fabricated fourth-order balanced dual-band HTS filter
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Table 3 Comparison of the proposed filter and the referenced works

Ref. frj:j:ziy FBW (%) IL (dB) Circuit size Filter In-band CM CM rejection level (center
(GHz) (Ag x Ag) order (dB) frequency fq0)
9] 2.4/5.0 16.4/8.6 1.78/2.53  0.50 x 0.70 4 32/32 27 dB up to 3.27f40
[10] 2.46/5.56 16.3/6.7 1.9/1.9 0.31 x 0.41 4 36/31 35 dB up to 7.06f40
[11] 2.4/3.57 7.5/6.61 0.87/1.9  0.50 x 0.20 2 24/38 18 dB up to 1.88f40
[12] 9.23/14.1 2.8/5.6 2.9/2.7 2.70 x 1.27 2 48/40 20 dB up to 1.65f49
[13] 0.9/2.49 3.6/2.1 2.67/4.65  0.67 x 0.32 2 30/40 20.2 dB up to 5.56f40
[14] 2.5/5.6 8.0/5.0 1.29/1.97  0.15 x 0.27 2 34.7/24.1 9.1 dB up to 2.8f40
[15] 1.8/5.8 12.2/4.5 1.2/2.0  0.37 x 0.28 2 35/26 12 dB up to 4.7 fq0
[16] 2.45/5.25 9.8/4.6 2.4/2.82 0.38 x 0.42 2 53/45 21.7 dB up to 3.64fq40
[17] 2.6/5.8 10.4/3.6 1.1/215  0.26 x 0.34 2 62/48 15 dB up to 3.07f40
[18] 3.58/5.6 5.8/3.4 1.1/1.8 0.25 x 0.47 2 25/17 17 dB up to 1.82f40
[27] 2.33/4.9 3.9/4.9 0.13/0.16  0.32 x 0.31 4 63/40 20 dB up to 2.58f40
This work  2.2/3.5 2.7/3.8 0.1/0.12 0.50 x 0.33 4 74.9/67.4 20 dB up to 3.64f40

T SR %, $15 7 AR N SRFEA mas B d ar ke e, B2, (IR SR ie, 1Z i
PRI N I BCRAEAIRFE 2 N 0.1 dB AT 0.12 dB, WELAS R0GE N A CM #1420 51N 74.9 dB 1
67.4 dB, HEAHMW TN 0 ~ 8 GHz (3.64f5) FHIKFILT 20 dB CM HIMEF FfIREM:, W& 45 1 5105
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common mode suppression. IEEE Microw, 2015, 16: 55-68
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Balanced dual-band superconducting filter using square ring loaded
resonators with ultra-low insertion loss and common-mode noise
suppression

Haiwen LIU', Fan LIU?, Zhengbiao WANG? & Yifan WANG?

1. School of Information and Communications Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. School of Information Engineering, East China Jiaotong University, Nanchang 330013, China
* Corresponding author. E-mail: haiwen_liu@hotmail.com

Abstract In this paper, a multi-mode square ring loaded resonator (SRLR) comprising a full-wavelength ring
resonator and six open stubs is introduced. The resonant characteristics are discussed and analyzed using
differential-mode (DM) and common-mode (CM) equivalent circuits. Compared to the conventional design, the
proposed SRLR involves two advantageous modifications for high-order balanced structure. First, two pairs of
open stubs on the four corners of the ring resonator provide more flexible control of the internal coupling between
two SRLR units under DM excitation. In addition, the shorted H-shaped resonator is compact, which makes
proposed structure suitable for high-order filter design with desired operating frequency and bandwidth. Second,
one pair of open stubs is added to the ring resonator along the horizontally symmetric plane. We found that the
proposed SRLR provides more design freedom for CM noise suppression without extra components or defected
ground structure. In addition, the proposed SRLR topology structure is folded to avoid large circuit occupation.
Based on our analyses, a fourth-order balanced dual-band bandpass filter was designed with two passbands op-
erating at 2.2 GHz and 3.5 GHz with corresponding in-band insertion loss of 0.1 dB and 0.12 dB, respectively.
The filter was fabricated using high-temperature superconductor (HTS) YBCO thin films on an MgO substrate.
Good agreement between simulated and measured frequency responses was observed, which verifies the proposed

structure and design method.

Keywords multi-mode square ring loaded resonator (SRLR), dual-band, balanced filter, common-mode (CM)

noise suppression, high-temperature superconductor (HTS)
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