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ABSTRACT iii

ABSTRACT

With the development of 5G mobile communication, radar detection, and satellite
communication systems toward higher frequencies, wider bandwidths, and miniaturiza-
tion, higher requirements have been placed on the integration and performance of passive
devices in RF front ends. Although conventional separate designs of filters and directional
couplers are easy to debug, they occupy a large circuit area and introduce additional loss.
For S-band applications around 4 GHz, this thesis designs a filtering directional coupler
based on a multimode resonator, integrating bandpass filtering and directional coupling
functions in a single planar microstrip structure.

The operating principles of branch-line directional couplers, bandpass filters, and
multimode resonators are analyzed, and key performance indicators such as coupling, iso-
lation, directivity, return loss, and fractional bandwidth are determined. An FR4 substrate
is adopted, and models of a 3 dB branch-line coupler and a T-shaped short-stub-loaded
multimode resonator filter are established and simulated using HFSS. Odd- and even-
mode analysis shows that the central stub mainly affects the even-mode resonant frequency
and serves as an important parameter for tuning the dual-resonance response and passband
characteristics. To improve the lower stopband suppression, parasitic elements are intro-
duced to generate transmission zeros.

The multimode filtering structure is then cascaded with the branch-line coupler to
form the filtering directional coupler. The layout is optimized to address right-angle
bends, impedance discontinuities, and parasitic coupling. Simulation results show that
the optimized structure produces two stable resonant points near 3.60 GHz and 4.26 GHz,
with a fractional bandwidth of about 19.3%. Within the passband, the power distribution
between the through and coupled ports is relatively balanced, and the directivity exceeds
10 dB, meeting the design requirements. Parametric analysis further verifies the effects
of the central stub length, parasitic elements, and coupling gap on the resonant frequency,
bandwidth, and out-of-band suppression.

To verify the feasibility of the design, the second version of the structure is fabri-

cated and measured, and the measured S-parameters are compared with the simulated
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results. The results show that the measured and simulated curves are generally consistent,
although frequency shifts and increased losses are observed. These differences are mainly
attributed to the dielectric-parameter variation and loss of the FR4 substrate, fabrication
errors, SMA soldering conditions, and discontinuities in port transitions. Based on these
issues, a third optimized version is further simulated to reduce unnecessary feed lines and
parasitic effects, thereby improving matching and transmission performance.

Overall, the proposed filtering directional coupler based on a multimode resonator
realizes the integration of filtering and directional coupling functions. The results verify
the feasibility of using a multimode resonator structure in filtering coupler design and
provide a reference for the development of miniaturized passive RF front-end devices in
the S band.

Keywords:Multimode resonator(MMR); filtering directional coupler; branch-line

coupler; T-shaped stub-loaded resonator; transmission zero; S-band
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TDEEAE I, PRITAT A 24 B JC 4 AR e A L O TR SR BT . TR R
FERTIZIBOT e e PE B TS IR RO I, BT SRR AR I (e A S 3
X

MARGE PR, IS (Filter) 55E [ G4% (Directional Coupler) /2
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R IME SR IETE R G R M EL, AT PR UL 5 BERR AR E M T E [0 A8 B i
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TEVIRTIAR 45 . R RGESFRIR p R AT . e b
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IR, AEALGU SIS A, DB DA SR el i A ST AR A T i
S, HZ AR5 AN BT VE L M 28 BhAT e . XA o S BT AR TE 4
PrS R B EML, (AR SR N ] R A ok 7 — RS . —J5 T, ZRa T
R S AN T RE SR AR PCB IR, 5 4 Bl R G/ N K R S A AE—
KW T, BN S UL G ARG, SR A A FEE
M FEAR SRR B AL SRR . SR, ARG A A B A R iR e £2 e
J1, HRPHAME S B Z AW HIILE], X RE BT 5 T A A A ARt
NG, BEMTE I R GEIERE .

TR ST, — A BARRMEERZ I 2 Al g i,
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BT DATE—EREJE I e R SRR IIRE, AT TR R LI RE -
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M B P B0 [ I 3 9 SN R BE 7, DI SE AR ma B2 (R, 1% S 3¢
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(1) SEHZIRES RS ROT A SCRY BT T e as D R S — R R R
R A PEBCRF PR T BN BB RS EAE Rl 0t 70 SO A 1 DY A 3 1 =T
PO, SERHAAEAE S BUE 532> (3dB) A1 90° MIFLZE M Iy, B4 T 51
Al PSR, KIETT4 T PCB AR ER, 6 1 S i i = E SR AL Y K e 5
Ko

(2) WEENAMMEITERE, SRTHE S RS0 LA Akt T8 Z IR MO LY
B RMAHURS . AGIAT ZRLHERA: (Multi-mode Resonator) £5#4, %
Pras BERS e AT A A 2kl s, AT S AR S8 I 2y N -F3H S )
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SRRSO A PR, A NI S G/ (Rl 5 S i R ge /N
PR PEREALTR AL — Pl AT AGRE PR ER T 5
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TCLk AR I B G0 2 2 0 e A ) BRI A5 4R TRk 4,
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BtA (3.1 —3.55GHz) Ml (3.7 —4.2 GHz) #iB. BT Sub-6 GHz B S5HHH Y
ToEATREA HAZ S, P I AU A AT s e 1 PR P ) Bl i g e, DAGRE
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Horpr—BE R R B AR /N 3 8 A 2E 1 B R RO I A R Ar g pERE! . &
SRAGE RS AT DA/, AHGE S X 8 T8 T AT 25 T A7 VR W e 25 1 4 A 43
FERGE AR, M2, BT b (GaAs) FIBEEEHTIRHY IPD £OART]
AE R R SG AR RGP A R ReTe

T, PR ESTTARE B nT RO A AR L (MICs) . B35 i 4k
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Bl m R Ay, HA SRR . CABRIRBUA, T FR4 N BUMRHE S B
DRI AR AT BT o DRI AR EE A B AR M B 2 B RES (SL-MMR) #), i@
HWTATER GRS BAM G . SRR S ABA, S HPIRBAOk
Tl RGE IR R R BRI R A AL T R IR R S, AL
@R, R R IR H AR . A, SR —X A A BT, AR
AbF BN R R, RTCE IR .

122 JEBA G A DT TS BUR
TEFBUETARGE T, E ) M a1 T T Zh A AG AN SE I <537 5, Rt

R/ NEUE 5 T AP DA BN R B AR PR Y 1 Y RE ) AU . BN S
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EEEHHR I T — PR A 5 e S ) R B P BT IR DU iy 11 90 4%
ik, Kt mAE o AT G, a0 AT M, AR
INET AR A — O R RS W . (EASE R R, AR 60° UK &
2, AEGR/INRST I [R] IEE G 1 A 2 BT IR SUOTR S AR T S 3 AR 55 45
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P2y 45dB, MEEL 20dB, AROEASCY 4 mm x 5.5 mm, PEIHAE Ku BT
B PATHER S R R R T B —E A E. WE L L@ B % e 1 i
GarPEInSh, WA L1022 ESIER S S8 4.

s-parameter (dB)
b L N A
o [=} o (=1

2]
[=1

& .
=1

-70

0 11 12 13 14 15 16 17 18 19 20
frequency (GHz)

(a) (b)

B L1 SCRRPORE A o 2 S 0 B 2R
(a) #FRERS (b) S SHh LA

TETEAR Cras BT T T, AT e DRSS 1R G PC M1 P w2 4 BB P T B 9 e Aty
S Or AR AR P — AN . SO T R T R A
FEH 3 dB ) A G, H RS ECR AL G0 S A G 14 i 5 A
NATFHR G L, MM B AN VERE U AR A SR BT & Sk A B A 2
HES T IEH DLECAC R, R B oty 5 ¥ E e AN S S I S5 M 52 ISE T BT, 4
B 1.2(a) 78 S i B e B LR 8O, AT 1.2(0) s i 1 2 e ) ) B 25
WEIRINSE MIAGEREM, M AT AEL 49% IR S A TAE, $6 AR
FEILT 3.6 dB, [ FERIFR I ILT 20 dB, [AIIFib BA A )R 7 Be 3
PERVECHiR B RE T X —4REM, T & S DU DAMGEAL G0 SC il B e
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Bty | 74y el
[ m— — 2
I:‘_‘— Y07 R |
Zirz
F— yoz2,0 —3
ey 200,04 Zeoes 200, 0
' i y"l’g\; ! i
L Y o m——
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B 12 SO A R B
(a) MEREZLEIURER:; (b) MG aYIETHR A

it S0 i s 2R G0/ N RAE AT REAR ) RN TR 7, BB Eh A ) Pl 2
RECLZEXE LA L SCPR TR, RA MBS RIS G B2 2 63 . SCikP e 1
— R R B R B A S B By R TE AR SR 1 B B AR
B3 110 28 AR B B LT B AT AR B A i 2 BT, (AR PR [R] f H 4
ey U4y 90° M ZE M PR IR . B TR RES R 4 BRI, T
A o ) B A RS B SR BE 7 AT 1.3 () Bl i )2 DB IR S e B Fh 4 R 3
A, WE L3O R AR R A G ae ) S SRR . SLMERRN, ZM G4
i 2.25 - 4.74 GHz JE N SE 8L 1 43 71% FOFIXHE 98, IR BEAR P45 /N T 0.5 dB, [a]
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B L3 SCRRPIE B A s i R B S S8t £ A
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55dB. MR, BT BGE G T S BB T2l (5 A G0 IR oM 5 B -
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By ). SRR I T — R T A Z D RE IR D G s, REMSAENR] — Ui 11
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2P TARRE . %45t USSR HES 1938 28 AR I8 BRI BT i Ik e AL il
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fil
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AT TSR, 45 FRA BARS B TR Rt FELEER B, 5]
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AN I IR LRI T, SEITREE N .

BEE BT HITRA 1] A B ISR B AR 435 M X DA SHR T P-4 E P 55707 A1
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PR AR K-, ) IS L -5 5 i S SR i T 394 bRk
Y, HOr s #l2y 26.9 dB, BB IETBTHIETR, UIAZE A L ALA A il A b
S G T S TS PRRCR

RSO TARFH AR BB I E A S5, 12 A A P i e AN I8 1R it
B, SREBE S A TEREE AT WA, X AR B T AR PRI T ST

132 Hps LA
AHTFE B SRR G R R R S R BE I BE— AL 5K, TSt

T2 ROE IRV A E N E A G . BEE JCLGEAE RGN W ) 2 5B = 4
JEETT TR RS, ARGE “UEBCAs + M Aae” LB Iy S R M BE_L 2 e A
WRERFR, I, RREBRHE S 2 M AR T F S, ROk
A BT B — N EEGF T . FEX T EY, S5IASBEIREH, A
RERSHR BLBIAM I IR A, 3k ] DA s A O £ 5 B R R e B T 4, K
T PR UEAR AR5 M [ I i DB I R E
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T NRKT 10%, FIBT B IEIREH, ZBAEIRVLE ] Al 2 M IR S 2 1811
MG AE I BN R LY, AT R A SETE I« SRI0T, AE S i
R TR IR, e S BUEE 7 P 1) A PP DA R iy SN BE Ty, R BT id A rh F5 B
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Zi BRTiR, AHPTEAZBOEIRG I AL, il RO TER RO &
i, AR S BB A S EA — i SN PR IEBE M s, AR R
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2.1 EMMaH

211 JE [ e (R R AR SO S AR
SE ) M B A AR S5 e AR 8 P L JC IR, Sl T A% e e

M EE 2 (Al B — R LBy P P G RE o ol T HCRERS AN B S 5 e R (5 1%
AR DU IRBGR IR, RIAEDAAGI . (5 ) S DA B folcie HL e
PHAE I Soh B BRI N [RIINE, FEZEma . DA ORAR FISR A1 i i 25
HUBR A Y A A A R S AR S (S S A Y e A R 432

N T PEOE MR A S PR RE , R I TARRER . lARFE. MEE.
B B BERN T 1) P2 S T . b, TARBIR U E T A8 R RERS AR E T AR
B s Sl ASURER s T i 5 R A Z [R]ZhRe ok R, iIEA T, %
FAR SR T {5 S E A AR T A RE EREIR DL AR & LM & Bt S A X T
EHH A SR DRG], 00 C, HOR/INELH R WO £ b B BESR U (5 5502 5 B
S PR R A\ i -5 R i (B A S SR AR RE L 9208 1, T AR S A
SIRIIREEE . Ty RN 2R B T A A DX IR T A R 5 S S A
FSAES, 8 Do AE TR, Tyt e EEAIR & B2 A A A
ALK, EfTEXFR: D(dB) = I(dB) — C(dB).

MR, MG, FRE R, aRERHE S 0T 1 1R Bl e
B,y PR I, A A G BO T S IR R, AN RE R S —
SR, MAS G Z A Rahn i G I HR 75 1 2 B AR SR SE i I 5 5K

1C C2

(Py) (P2)
EEBEE

4 o | 3

(Pa) (Ps)

2.0 e ER

SE R Ao A VU i 1 2458, g2, (S HAL 1 IR P, (F54%
i 2 RN P, (G WGB3 IR Py, (G5ME 4 MIIRA Py, WE
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R Sl KR SH I E R
P, 1
T(dB) = —101 =101 2-1
(dB) = gH ITmE (2-1)
C(dB) = —101g 22 = 101g 2-2)
SR E
Py 1
I(dB) = —101 —:101 _ 2-3
D(dB) = 101 P — 101 10lg — (2-4)
gP %&W %%W

2.1.2 KRB EGHR

7r SCR B O A R A A e P O ML) — 28 0E R T A, FEMR SN
W ZEBT H W -23) iZ . PAENEREE MY 3 dB 73 Skl Aras ), LR R b
M, R EE T BRSO R MY 7 2 — PR AR M, R Z5H T
LS| By PP R TR 97 W RS N A i PR P2 K it il s W B
FATEALR M, XOEHAESIFRGORER . BRI . DR A5 B s F KIS
HARGF IR, FFEEERE, 2 S G5 HhZh 20 le ] AR S
SCREPHATLUEA TR RE , (R S i 11 22 [ IR 4 ORE5 90° ARG ZE , X —Feth e
HAEFORAS « IR SR il e LA S AT R 15 P o 2% R 30 2 P Y B DT

WA z Z, z it
10—_| / L—OZ
R
Z L ey %
4OT-| rz—*”
1] 0 z, 0 e

K22 X AMGinER

B2.2%5 0 T 0 AR S AR ARSI . MR BRI E , K0 CEAEHO
TAEBUERAL BT N> 2 — SRR, PABRIESR SAEA [ AR b A2 5 5 e
TR IR BE SO G R . T ReT ARG =, PR IR A TAR
HA K, WZ AT, N BERSEOA L TER T, — R,
PERHGOBOR, X R Ao S SE A, AR LR R A2 A, AT B 3 K &
B, AL AR SRR NG L, FE Al AR BT i AR

RE (U AT A2 g AR o R E S BELE O EAO R B 29 R e A T
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EIE, PASE i M AR S B Il )5 P RE— 2

22 JEMAH ZEER
221 PR TAEREAR

FESPIAR G, DED AT 2 T XHE S I AT e M o 2, il AR B
MRS BERS AL, T AT ZEAIRR 73 WU 32 A0 o AR felcdie F e b ) 22 B
JolF, DA B AT BEAR WA, (R EAGTHRTIN T LS B Y 50
AT AN e BN, A/ NSRS, SRR R E AR BRI AR A R
BERGE MAERIIREGRIEFER G T, Bt B a AT RERE [ DR AR A
HIRE I VA SRR E M IR, DEDAS Y BT AN DU X B S A RSB, o
T LEE O RGNS . I LA AFRISE B B RS A T £ AU

ML R B, BB AT IR FL O B, AN RISk FRL G TR] Y
WG R TE IR E R R, o 4% SR PR RO AN ], 3 WL DE Bt I 2l
RE . il A AU S T IR R IR T A S AR G K
T A LA O AR REEA T DA

(1) TARBIR: TARBER M T kg Eods R viE Sl iR, Bt
TR R L AR RS ARG TARBBH IERE, 5 W &3 il H AR S
=30 R R/ AR TR

(2) ARG BASFER R IEBAHE ARG LEE N NG AR BSMIAE. X
T b AR RGNS, 1 RAEASFE LR S IR ARG R
B, TSR AR AE SR P it mh 120 K

(3) HFNBENE: A7 N SCB S MG Bl N S ARARR S S DL, 5 DB iy
PRI . BN, BERAA FIBURAE Sl N A e B — 25, A
AT ORFHE SRR -

(4) A7 ML = A7 S T g s xR TARBAR S i LT RE o s
AHBCEARMT A, AT DAEREE SR AL R s il AT ESGE DS B AR R
TR L A AR AR s IS i o B B Y (R BE UM AR

(5) AJTNEL: fi s RS R AR AR PR, RN R

o
@=Zw

Her, fo AL, BW SATFSE. —BORUE, Q fEBE, IRIAR AR

(2-5)
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VEPERE B, WA B . RMAESRER BT, m Q AR THEEE.
BHOFEAIR G RER SR R, [ -t v A SR ARG K P AL

(6) [WIRHAE: [H1BARFE T 2ALUE B A 2l s A BT PE LI O R
L BV RC T DA S ST, S Re R ha iR, HFRRIE By S e g0l
S IRIB Y 7 A ) BB A 22

(7) FPEIPAE - FREIIE RIS [R50 73 o o o e e P 7 A ) I ) RE AR 22 5 o X
TIENELE . WHE SRS S, BERER M S B R S 2 B
AR RS, FTRE RS, DR 5 2R G AR R RE -

B EIRTEARAN, UEBCAHE LAY b 25 IE TR AR b, R E
P I T EebE DA A S I By B Ty AR . bl L, B8R it
AR B PERESRIRII AL AR, O RAEPER RN . BURE. BRI St )
T E R
222 PR EA

MBSRAE AR, B AT Bl AR AR — R M 45 . B A2 MR 3
Mol BRI (S, MORARIESER AN, XA RN A R R
R BETE IR AN AN L AL AL . N T R A X P A I, A i R T A R i
N, HoE SN ,

L

K, Py FORUEECAS i H o DU RIS A AR, P FOR TR SE brik
WP T AR, AR SE 0 S ) 2 55 8 1 i 0 i e 2t A2 i P45
KRR . LukEods LA NI, @EAE La T/, PAAXTA HES 0
s AR R A, WA R TR B, AT A il i £ 5 2 e
PRI o

ARG AT, DEBCAS AT AR — R A R G fEIX—
IR, WG-S5 S Z 0 R il L 2 e 5 H (w) 2B THE, B

dB (2-6)

Hw) = ) 2-7)

Hrp, X(w) f1Y(w) 232" B AG S5 5 S g . 120 R AR
e RE L S W B A E SIS A . W T SEBR ARG N =, IEPE I
T HARHF AR T FAT GG iy MY, 75 2 ORAE T PR BE R B F-4H L A
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REAR R, R B M E IR AL o 08 5 10 2 X AN [RIB  7) B A TA R 1Y
g BRI LR, e A SCBUE SRR A, AT R R G AR E B AN
(Rt SERIDE B

223 ZEUEIRIGHEA R
Z itk (Multimode Resonance) J&$57E [ R 4544 4 BE NS [F] Hsh ik il s &2

MMETRAA IS o A R OE H 0 W AN R B G 70 e, R IR R
Asee . 5P EREAHLE, SBAEIRESEA RIS AGIAEZ
AR SRS, PR/ N R B e B s BT A B R AT S (R

FEARGERR B AR BT, DLMGE R R T PR IR AR il B 45, RIEEMIE
Pk FER A MEIRIIR . BORX ARSI EIL . BT R R, (R S
i i X /N LA A R ISR BRI R, AU I R R AR A A L T A
WK R A AR A ARG BT, M2, ZAUEIRE W A E—
HEER 7 2 AR IR, AT LA AR B TS BB = B AR R 03X
P OO BT I8 MR A A R, O MEE AT R L e
RIS TEZ HHE.

Z BORIRIE B 5 BAE TR IR ES A 0 2 S AE BRSO HE T o X1 52 B
WA, SR AXIRRNE . 22 B AR Rl b, AR AN ) X3 [ ) R 5, 60
KU TR R AR, A B AR AR o e A 20 3R A B s
B o AN R APEASERS LA ] B AR A, TR T2 A A [ R R AR . A HL R 37 B
WHEER, XA al AL AR ) AU T -

V x (V x E) = w?ucE (2-8)

X, ENHIAIRIE, w AP, w Ml e 23 BRI SR AN B
TR, R EDFFZMRNRSEIEOL T, RGBT E A
PEEIA LSRR SR I B3 04 o DEBCAS BV P BT RTERY IR Al i 2514 2
SO X SO AR (7 B AR G 1 5, (L[] I A2 HE A R A A 1
224 ZRUEIREYH WLSEHTT

ZBEEIR AU —FhIE 2 4548 , 1M n] LA 22 R i ik B C s B A
I SEBL AR R R Bt SRS PEA KN THEPE T A A L, PR 2 4G
BRI TAREBAIE B A T RE AR A T %
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(1) BBABEPLIEIESE (SIR, Stepped Impedance Resonator)

PR BELPIRS R A5 b N (R AR PP A AL S R B A R .t T & B BB i
TR AR, TR A1 R e 2 [m] 1 32 3 BBt e Rl K BE LR g 2 e . 3
FEV AT IX L EERE SR, AT DATE — 7 Y P A O AR i B R A AR TR B, AR
17 S PRI HRAT S RG] . SIR G5ME BN T, Z) TR, e
FE A8 d e/ N ARy T AT 8 04 1 P

(2) ZHiiEEss (MMR, Multimode Resonator)

Z RO IREE I S s AR S A A, AT SRR S AR R R
(8, R A B E I 2 SRR . 5 PEOEREAH L, MMR BEIETE
[Fl—Z5 g AR AR AL, BRIE TS fi e (UWB) JERiit. &
SCHTR B B tE X —28. @b ZBOERAS G RSE HBU  &
T AT, W DA 2 ME RS TR B RSB A T I 2 HLP-HE a5 i 1

(3) EhigHiZER (DGS, Defected Ground Structure )

S 25 ) A AR PR P e b T D5 I TR L ol 22 el S sl R SR S AN
(e a0 R AR o o = = R i 5 5] N £ L g o | S 2
FIRLZS, HEMTE R IR . DGS BA Vi MU . S5 R is h s
TEDCEATSMIE . 51 AL R S A SN B R T R — e . A, 18
SRR 5 R EOGT R E RN B

(4) WM

T4 B I R BN B A LS H . ZAS BRI AT ATE [ — 2SR A7, il
UL TE ASORT T™M A%, Sl SR G i I iR R Bt L DA SR & 8 K
A DU RIS (R s 2 55 08 e A 1, AT S IR0 ek o R IR B 5 4
FAT B8 0 0 ot ot P BCRI AR ARG, 8 T XTI . TR SRR i MR 3
s AR HARBUEXR R, n ATE R P T e 25 A TR A2 2%

(5) B 5FFFEdRSE (Ring / Open-loop Resonator)

PRI FIFF R R ] DA 2 X Rl Sl X AR G A B S o A R A . 244544
X FRERE A BRI, A [ AE 2 T8] 30 25 [ B AR 5 8 B = A A8 Ak, AT
T Z2 BRI .. X RS R R RS 5 T 5o A G A, 18
INBUAR A B Y PR LT B L -

LGERE, ZROETRIEESMIOTEAEA RG2S, HHE%E
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AR 3K LIRS A H A B A T i BR A M A S AT 2R . SRzt e
T E AR T L A AN EAGFE . ROPRRBILALIN LA N R, et f

B ZBAEIREITT A, HEE S EIAE RS R Z MG R AR,
A REFE o KA 2 R R G A/ N AT i PEREDE s BT B 0 55



18

—APEET SRS IRAR A S DOE A A A SO T




B MG SN RO ST E 19

B=-EF BEeRSREsSMIgtSHE
30 SER AR
3.1 ERMM ARSI
I BT RS, WG R C = 0.5, K HAFFERTT Zo =05 Q,
DR fo =4 GHz, Ftie/l] FRA B (e, = 4.3, h=1mm), M RHAA
TR SO 2R — AL 394 a 1 b:

C=20lg -1
(-
l+a* =10
HOb =2, a=1. NTTEHEIRFEILECS By
1
Z =508
" (3-2)
Zs = o ~ 35.35Q2

o Z, SERERE (REMED) WML, Z, B (IRILAT) L. 25
TR P ST AL 5450, e DR Rk, RHEER
ARANF

)
Y
4

c
Ay = 3-3
I fcx/geff (3-3)
- N€T+1+57‘_1 1
T2 2 1+ 120/W

Hor N R TR eepp A RN HEEL, WA PHBTL L TE - th Keysight
ADS LineCale T HITH A5 5H D ALK 5L 58
W, ~2mm, Wy ~ 3.6 mm, [ ~ 10.3mm

3.1.2 MEa R T HE
5 Ansys HFSS i153] 3 dB /) Sz i &%, W3 1R :
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(@ (b)

B 3.1 ErM G
(a) 3D#EAL; (b) ML

ZUZHINERE] 3 dB 73 LA A SRS EUILRSL, (IEMAEIN S &
BOERILE3.2. 1 Sy HiZel5 Sa Wi %40 G 1E 4 GHz IHE (3.9 GHz) )
[ B4R RN ELRR B BE LA, T So1 5 S MIZRMAIL T 3.9 GHz Z G B/ &, (HH
F FRA B I HRERCOK, WO 4.5 dB iy, RJ“HESLIIh R4

%31 WA

fincs RF (mm) YL L
Wy 2.0 TR PHATLR T8
W 3.6 B LR 58
L, 11.1 TFICE PP K
I 11.3 R P
-
e .

°
%-15—
gzo —sa.D
201 — S (2, 1)
@ \ / oSG 1)
=S4, 1)
25 . !
v

T T T T
3.0 3.5 4.0 4.5 5.0
Frequency (GHz)

K32 A E S S8uh
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3.2 T AR ISR S5 E

321 JEW AL

ASCHEH T — PR IR B2 AEYRAS (Stub-Loaded Multimode Resonator,
SL-MMR ) JEJEAFE5HE o« IEIRAAEI LI B2 T 8, 534 ok My
N BT B IR RS . 5 PR RA A L, AT BB 5 | ARSI
TR, b m] DATE SR T RO B ad iy N 2 MR 2 I 2 R &R, M
T FRAFRE A FAH AT N, . A T SN E S AR A S, P
HIRA I 5% 50 Q BRERZ 8], SRR SRR 2 (R T 45 ) F R £

TEHAMGERL T TH, A SR ARSA FRA Bkt , HAHXS AL ECH e = 4.3,
PFEMIEY) N 0.025, EARJERE N 1mm. FR4 APEHAAEAR. T (E, @& aARE
WY B R VR S S UE . AR, B TR O B A A I
WAE, BT TSR RUL M A K BRI A IR, DAk S A 4 A5
FEAT Ko A REARCE I 5 4 7 15 & BT 1T, ARG BB A R 254, T
Je S A TR AR

B3.3%5 1 T TR THIENR A VR B E . BRIE P EARER ZE RSN, Bk
I IRAS 1] B R A B PR AL AR 2 0 I e b e A R 5o . b, KPR A )
BRI gap = 0.5 mm, BEMERPBEHN s = 0.2mm. XPHSHEEF beE T
2SI IR Z MR A5 - IR NG, B SRR, BT IS S
WA TRIBRBE R, RIS, DRI AR SNSRI A B A AR . B, RS
i it e, FREESEHARTTE. S0 A BRI B AR SRR, RTRE A R PR A T 25
Gk, TASREAA R g £ O e FLHUE

HubB T

LiikiRae ) (L8 4mm
135 55

EO ) A%
|
: }3

>l

‘:r/ |l MI
: 550 1 J_ 0.5
d=15.4 FE T

A3.3 ZEQENAHNTVRER (B4 mm)
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3.2.2  JEACTINBEGE RS T BT
TEWFFFEACT MBS IRUE B 0 i A B 2w, FAT Tl (3-2) ATIRFAE

WL Zo SR RERL ey TTHHAIR ARG, T RO AN TEM BHE, ]
(K B T DA R AR5 1 e R B o
B = 2 f, VI (3-4)

C
b f ORI, c HEAPRPDEE. PASK (3-3). 30 (3-4) Rkl %
AT DATT REXHE IRAF A A (R A o S b, AR SCHR IR T B4R I #0E ik
A EA ARG, A L M P SRR 1 e 5

Zos| |L
L=L L,=L,=L
|< >|< >| 4|
Z Zins
) 02
Zy1 r ° __‘__ ’» Zoi |->
I;m Zoi Zin | Zin Zino

(a) (b)

Kl 3.4 AL AL LA R B
(a) wHE; (b) HEE

(1) FRLER

B 1 A B 11 ik S R SR R S A B, AR OL T, X ARA_E
(1 H A 5 IR MR 5 (AR A 22 180°, 1 HL AL A5 5 WU AR IR AR S5 (H JC AR 6 0 35 -
B, FEERIERT, MR EST 0, ARG SO T RAE, X 5REIHET
FAL, B RAT RS W, WEBA4@FTR. HIE Zo 5 Zo 53 HIFORE
BRI B PR 55— B 550 B RFERYT, Zin 5 Zi 20 BIZIR AP
W BEAMBARYL, L1 5 Lo 0 ZmiE fikas Pl )BT R . AR L,
WLli=Ly=L: 78 Zr = 0 IFOL Y, WA

Zim1 = JZe tan(BL)

Zint + §Zo1 tan(BL)
Zol + ]Zml tan(BL/)

HI TR IRAY S 3 A PSRRI AL 2 T K (Zin = 00), i

(3-5)

Zi = Zol

Zol + ,]Zml tan(ﬁ[/) =0 (3—6)
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i (3-4). 3 (3-5). 3 (3-6) IHWBTHIBEIRBIR £

C o Zol
= — tan! 3.7
J 2L Jegy ( ZOQ> G-7)

(2) fHBEER

ST AL P AR TR 152 (I BE AR 28 (] ) S0al bl g 14 s 1 RSB, D)
FEXFRG L, A S PR SO AR, WSS NS5 S -

L, FEr DAl BB E(E, TR IRIERAL IR, X513
Llo FERXMPELL T, ANPE3.40)Fr7Rs, SRR LA ISRy . B Zos N
HOD BT 2P RYFFEREST, Zine A H—2PRYET ARG, T P DB 2 im0 I
(Z1=00), W Zins BIEFI RN :

Zing = —JZo3 cot(SL) (3-3)

Horp L2 DB B . 2Rl

Zina + jZoy tan(BL')

Zin = Zo .
! 2 ZOQ + jZm2 tan(BL’)

7 _ g Zipi + jZo1 tan(BL') G-9)
O o+ 5 Zim tan(BL)
Zon + j Zomt tan(BL) = 0 (3-10)
Fit (38). 3 (39) AR (3-10) . AR TR
cot(BL) = ——22 17 tan(BL') — Zoy cot(BL)] 3-11)

ZOS(Zol + ZOQ)

530 (3-4) GG SR EEGEIRME f..

3.2.3  JERCI INBGE RS L5 5 H
1 HFSS LAY T RUFEA T I EIEIRIED A, ANE3.5FR; E3.6 005 HA 2]

1S S HHI £k, PTPAM Si1 BHEZRTE T HLE B PN RIE | SRR 7 50 3.68 GHz,
4.38 GHz; M So1 HHZETT DAE BIIE MA@ , NSRS, (H NI
O AR
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(a) (b)
Bl 3.5 T UK Ina s il sy &
(a) 3D ##; (b) (ALK

S Parameter(dB)
| |

25 4

-30 -

-35 -

-40

T T T T T T 1
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Frequency(GHz)

K 3.6 T RAC IBGERIEN AT E S SHh K

324 FAETUHRIT
TATH G R AT R WA H I I TR R, BT RS E R AL R

SREMS B RN ], M TIAE—EREE_ Bl 1 IR By SN . A A
HW], AL RO B I A R RCR B I, HT AT A S R A
TEA o USR] T L bR AT iy, Rk A 2wl e EURI T4
oA GH R, BRI SE I R SR SESTE B AR RE . L, A EHE A
4 A1<0R =3 il s 2 AN BN <OF 11X I

BERFIX— A, AR TEAEDE A 4 A P — X A Ao F . AR S &
ek te 2 R AR & )5, AT DATE S BORAr = A A e s, AT
SEZA B A SN RE ST S T T, BRI ] SRR — BRI ST
W A 4 . WO MR RFIE T Zo, WA APTR 278

Zin = —jZ,cot(BLy) (3-12)
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Hor, L RaptE ot BB, B MO E S i BT DUR 1, 43R 3T
LR A AR, o AR A SR ARAY IR I8 e 1% o i) 7 o
SRR e R TR AR ST E AL P AR, RS cot(BLy) = oo 1Y
Feftho FAARGLEECS AR BFEEZ BRI XRANG, 1152 E R R,
.

2L\ /Eeir

BARKY], LT RO E FEZFA IO L AN TEEL cops
WS FESEhRicrt o, BOe TR R v R, B34 oS A %
2 R EAE N G IR R B ZF AR . Ak, 554 Ol O B0 27 A o
K R 15 g5 2 AR R AT 0L . B SR 55 6B )G, A SO
Wt = S HITE 3.08 GHz M, F AT RE S0 A8 15 21 W] WAgse, W
BE— AR T IR I AR R PR
325 SEITTIFEB A B

fr

(3-13)

— S ] |
o —21

(dB)
)

S Parameter(
X
&

T T 1
3.0 3.5 4.0 4.5 5.

(a) (b)
K37 JEdgs (Sdt) moszd S5 E A
(a) HEBUFEILIE; (b) (5EL S SHuli<

BN EFLE TR A B AN 3. TR, TSI TRCR L AZE, A%
= U A 3.08 GHz, 4.84 GHz. 43t HAb 5 i A 1 N AR 8 e s A 1
I, IEIRIETE W B LA T AR, AR LA 98 21.8%, A fhalil R4,
AT B IR P AR RE R AT



26 — PR S REIRAR I BOE A G AR BT

3.3 Ay TS EWT S

3.3.1  XTHOEATSEIR
(1) XTH I OR

FHEAN T B BOE IR b 0T, DARRGE H BT RS I SR T i R
. E3.8fR .

(a) (b)

Kl 3.8 iEReEA L DA R E R
(a) AHrOEY; (b) THDAT

i HFSS {7 FS 21 St SECH A Fros . T4 iR L8 ) n] AR
o, FIAHODEC RIS, IR R RAR Y. A A T RO B AR . IETRIEEA 2 4~
AR LAY, FEo R A DA e R R ) AR

‘._\ - - -
pa
' — rd
10 \\ / ’
\ / ’
\ / ’
~ \ / '
% 2 LY ’l
) v 7
73 LN
30 1\
“o — T LA
4 - - o ﬁﬂ'ﬂ:b&"ﬁ
-40
=50
3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6
Frequency(GHz)

K 3.9 AICH LA E S SR LRt

FEAR A DET RO, IR 32 SRR ) 324 4 LT I A T i 4514
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FEGE R AXTRZRY Su #IZR AT DAMLEE R, AE2Y 3.7 GHz YA AE — R I
UYL, IR — VUL B IRAE, IR ) Suy BITHRER, JUHRAE 4
GHz PA_EXI, S5 RBOBWET —5 dB, RUGSHIA R TR TR N E R,
(LS5 U S 5 RN i £ R VA S (1

BT Z )G, AT ESRAE THRAAL . Si ih2k by PR — PRV AL
HRGEIRE B T IRARYZY 3.7 GHz 1R M2 5h, 1E494.0-4.1 GHz fHiT i 3L T
FAUIER SERIME, BHREFFGAS] —30 dB B4, X—4REN], b
BOWGIA T B IREAS (AR G0 FOR A FRLE R AL Z R AR,
ORI T A LA, B3RO TRSMYREREDLE, A TAEARAR M Y. b
RIAZ AR BN, AT Ty S-Sy H . ANt XA
BER SR PR R AL T A DT IR B/ TR, 22 B R AT RS 20 A A5 DABSIE .

(2) KT OB

W3 10878 2 F DB BUR R BEIR) S1 S 4. MR A DB KR
R Su BHERT HE AT DA, GRS U SR B A R AU Ik A
S T SR AR 1 L BT A% DA R 2 B & R R ek b

20

S|1,1] (dB)

-30

407 == L=8.4mm

= [=8.6mm
[ \
T ¥ T T
3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6
Frequency(GHz)

[l 3.10 HUAT AR EZRTTE S S80I

-50

b AT K 7.8 mm BN ZE 8.6 mm [F, AT AR 0 S EARAT 0 3 154
mLH12Y 3.65 GHz B A R0 1080 . i 1K13.100] AR S b 2] A IR B
HHORCT R EZAR AR, ABGE IR AR /D, X5 AT A5 8
BT, DB R SR AR IR Ve AE R K AR B iR R
VERECTERE, BOH b Sk .



28 —APEET SRS IRAR A S DOE A A A SO T

AN TR B . (4 i RV E A A A E AN [RR O B, H HLIC IR EEAFAE 2252 Bl
W L= 7.8 mm i, MABHEIRARARIEN S, WSS REAE R
Besme i TS KBS, BB AR GBI, (EE RO R i AT e
X TR G T S B S R AT AT DARRAE 512 B 3 S5 i A A R DASE I 755K . B
FEHDBT (BUTEH DT ) AU SEBERRE, BRI SG BB SR E
IS E I S T O DTN P GO R/ S I /B ik b i e B I B B: I
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