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ABSTRACT

Generally, it is very important to study selective coupling between cavities of the filter structure using multi-
mode cavity resonator. In this paper, we have manufactured S-pole bandpass filter(BPF) using dual and triple-

mode cavity resonator. To do so, we have derived the formulas for coupling coefficient about coupling between
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TE-modes from TM/TE-mode’s tangential and longitudinal field intensities each other.

To implement the Chebyshev response, the intercavily slot combining dual-mode and triple-mode is designed to

couple only H-field of TE-mode parallel to slot plate. In this paper, specially it is derived the formulas for TE;;,-

mode from TE-modes, and determined after obtaining location and size of intercavity slot from the equation.

In this paper, based on this result, we designed and implemented the bandpass filter operated at the center fre-

quency fo 14.5GHz with a Chebyshev response. For the manufactured cavity filter, dual-mode and triple-mode cav-

ity are resonated by two orthogonal TE;;;-modes, and by two orthogonal TEj;-modes and one TMg;;-mode, re-

spectively.

The 2-stage 5-pole BPF proposed in this paper has the insertion loss of —2.32dB, the reflection loss of —15dB in

the passband, and the out-of-rejection of —67dB.

I.M &

1960t FulRE] A7) AFsE AY S T4 YA
of =2 AL o] &7 B Mulzg vde] 1
FHE WA Uk 237 QAN gy A

& AHgate A FIe Falom AFEYoy
Ledole LA A R O §A T s
92 X379 42¥ste BE Hode Fustsd
olF AAEA MHEg 7bA At o9t 7He
54 A dee B RE P9 RHE U E
FaAY A& a7l

o] AR YolH £FIE F EH A9 ‘Eﬁ}
4% "ePofolls =o# Y gEe] 74 ¢ #uE
Folv WMHOR UFTE(Multi-mode)E o] &3l
Z1gol AUHAUTHL, 3]. el g GFRE 7|5 B
o] & 71s 9 AR gAY AdsfA olFRE
F2 HFERES o] &3 Zlo] MU Aol

°]S4t HAE ARrHQ AR vlolaR gold B
A BA Al 2" o] = HE= S-pole, 7-pole

E L 8-pole?] < F 2 Helo st +87F AL &
At

metA HFERE HHUo R 75t Y E A
Zshe A 3le JE 2k 2@ 5 9l o]
FRE HHTS o] &ste 2 A S Yot R
5, 7-pole 2] 29 HEE FHEY + U} 28
O|FREG AFRE Yt 2HE 4 Qe S-pole
ol i} T-pole §9 THE Zhe= WEIE T3] Ha)
AMe 71¥9] ©d E E(conventional single mode)$}
O|FRE g OFRESG AFREE PRV AR 4

1252

e ezl gastA b

919k A EA A S Al B =R E ol
Lo TR d AT FH o 29 Spole TF F
7l N5 HE) & AA & A #sd o)

O FRESGAFREE QAN MY FaT ok
d3te ¥UEH SHE A7) 9F intercavity slot-& ’éil?ﬂ
A 23l = Zo)th.

intercavity sloto] €3l AFYTE Mgy oz =
oJ3t7] A= A A S slote] $4x]9} A7) oo}
Sh}. intercavity slotell gt Tang[3]°]1} Rosenberg
[a]9] A2 A9 sloto] Ao vhgt 424 2
F7F Qo] dAgA A gkl HARE a7t Ay
AT ol ¥ @ AHE Fol7] YA B =AM e
AFd & T/ Hud sk 7Rz RE
T™ X =29} TE R 9] tangential?} longitudinal field
A7)el 3 X8 2 Zstslgdoen TE, 2= 3
ol & At w48 F &8st M sl

A F Ao {17 6}01] offset & ef 2] slotg M A
g om oje] gt slot % 9 5-pole W53} 1
B & Al 2t 01%3]933}

A8 A3 g% 3 YE = Chebyshev 8 4o
Ve 818 = AU ALY EH A9 5
& W3k o

H
2]

s

I.c0s2E 3& 377 €4

1. 2&h 5-pole B3 & &%17| HE
olEAHOE FF FAN YRAE F43] gL
A BE} EAE £ dod o] FN REE

o ok

www.dbpia.co.kr



Bx/ols R AFIE FTF 4712 749 2@ 5-Pole 9 %3 UH

F7ve] orthogonalityZ7} EA%ic). e HEHE
olg§ F2L 77 SYALZ tuningdty] 17]9] B
& A el F% T2 7](physical cavity resonator)ufj o] ©}
9] A7 A FA(electrical resonance)S o] 83t A
R Lkis=

AT TF AN FRE ol &8s AL oFR
Zv 9% o3 fundamental ZE3] TE 558
o] &8kt Aol Bu ot} ol TE,R= 5 prt 1,
3,5 %9 B ¢S 2w 45 ¥Ue AAA screw
o] A7 "ge T3¢ 758 gy oz Ay
A 2 7Hgo] Wl gt sl o] Q17 W& el c}s-7).

AFREE TE) O BEE o|FREZR 33 0]9 A
2 ZH(degeration)#A o]l AE TMop-nEEE o
€8 5 3AvH4l.

2 1L & wmRolA Ajte e 2% S-pole O
qFH "9HE TR AT FRe AYEHME U
Ebdi 2y oA e} o] HFRE FH FFAA
= TERE9 TMRE2 2 £ F REE o]R3lHon
53] TEXZE ol FEEgstd 173 F2& #%
gt & =8 TERZS] 3¢ TE ;& AHE
A TMEES A& TMonRE§ o] &3

T

Input Triple-mode | Dual-mode Output
Covity l Cavity ———
KTEW »
L/B(TM) 5(TE
_"3<TEh) L4(TEh)

1 2 3 4 3

33 1. 5-pole NG &4 HE o FA/LERE/NT 55
Fig. | Organization/operating mode/signal flow of S-pole
BPF

T§ e 9ol Chebyshev 34 EAL el
5EE 87 A8AM dEREs olFne] A% 7
A7) #33 #4% AANEE 3l all-poled ] WH
s I E 3

ols} e NFRE TE ¥/ UHE HEIE

A e FARET FUF FoFolM A 4 2

olof gttt 119 2& £ IX S 458 F
T FA79 AR Aol n g B} R =(mode)
9] B¥E Jehich a9 29 PEXEE EA
TE 329 TMepRE7F Ao ZHICE ZE9
A DI Aol(LIE 78 F Ut

f. - D. [GHz -Ca]

T2 2 9%9 3% 37719 BE chart
Fig. 2 Mode-chart of cylindrical cavity resonator

2. intercavity siot X

=g 728 Z2hs UEolAM WE - intercavity
slote] Hejo] s HL@r}t B =EoAE Che-
byshev & ¢9& 2t WEE s A stz
+27] A 1M ¥] Q1™ (nonadjacent) £ 3 7] 7+
o] AL FAER] FEE Fe Ro] Z e}

S
TMqu

38 3. TEyp =8 TMo =9 AA A ¥= 8%
Fig. 3 Electromagnetic field configuration of TE;;, and TMp,-

mode

1253

www.dbpia.co.kr



HEEERARTE '97-6 Vol.22 No.b

By olFEE FANY YFLE FAFE A
G502 A s 2L VIA A} vz
HEREAN TMog B9 B, 4io] o] FRE 3
7159 TE», RE9} A=A ?g"(_i &&= slot 13
7} RS B =RAAE 4710 27 433 44
d Dol 2L 98l TE =9 tangential H-field&
o3t ct.

38 32 94%% TF 4719 ¢dHdA TE, ®
E9 T™Moq 229 HzHA "= —a‘i'— £ vehdioh

I8 394 Y4EE e slot A EA s
TE11p8F TMoiq X2 A a}A) %55’5]% 213 7o)
EAL 3ok

HyITEOCxR J,(xlép)smztbfh( Rp)coszdi

e (1)

Exlru o Jo[ 222 ) (1b)
R

Hylmoc.lo'( Zot p)sincb (ic)

sin® =Y/VX* +Y? (2a)

cos® =X/VX? +Y? (2b)

A 714 RE FF9Y A oY pv 59 FHH
slot 4] Atole] Agl Va? +37 & vhehdi.

29 4= H)0A AL TEp,E2ES TMog-n
Bz o] A G AA EXE VEPA Aot} ol offset
Aele FX71 w7 RE A3t oh. 229 490 o 3t
394 de B2 Fy AR vehi i) 29
4(a)= TEp 2Eo| A 9] tangentialdt Hy Y =o|n 1
Y 4(b)%} 40+ TMop-1) B E0 A 9] tangential3t H,
=9} longitudinal 3+ E, ¥ =o|t},

2D 2§ 49M TE), 229 HyE p=0014 H
Y2 EHES ¢ 4 A3 TMop-n BEQ Hye y=

0, x/R=0.7631 A FAx Hdlgg 7Hdd ®3
TMoip-nel H E, & p=004 o] Fo}Ath

a9 5e dske REel AFhE 9% offsetd
ej 9] intercavity slot-& e 4]

2@ 59A Chebyshev /< €7 A% 2% &,
A7) A FA 433 #49] AAL TEL,-TE, 25 A%

1254

| H/Hmax |

(WDTE ,R=9 H, 9
(a) H, field of TE,,-mode

| H/Hmax \

0.2 0.4 0.6 0.8 L

L) TMop-nE =9 H, 8=
(b) H, field of TMoi--mode

} E/Emax |
1

©TMpp-n 259 E, 9=
() E, field of TMoy(p-n-mode

33 4 B3y AA s 2A B
Fig. 4. Normalized E and H-field distribution

www.dbpia.co.kr



BX/ols 2 4FREFF

FA712 +4 8 2¢ 5-Pole 19 $3 ¥l

Aperture

7121 5. offset 8 e} 9] intercavity slot®] 73
Fig. 5 Structure of offset intercavity slot

AL ke UeRd = A2H AQ)# 3to] Fd

% 9.

_ﬂPM(c)[HIIZ . _f_o__
krf—“—“_w A (3a)
Hy= =) <25 1y p)Cosd)

\ (3b)
Hy=j —— itk ) Sin®)
WUE

|H? = (1H,? + | Hy|?) (30)
w=ej (1E,|* +1E)?) dv

=0.281 —li (3d)

2e

AN Puo: 2P B A7 EF&
H; :slot plane(z = 0)°l4] 2] tangential HAJ &
W o 3E FAN N AAEE AR

X .
k, :phase constar’nt('--;e-l , x11=1.841)

k., :phase constant( _pin_ )

A, TEn, REZHY] ARAF kres FE3HE 2(4)

ot zkch.

2

L. 2 2
uPu (one)? kLJ, ¥k, p) + 7 J1 (k,,p)}

krg=

Ln
0.281 —
28 e

Lo

A 4)

A@A AFAF krez sloto] F4HLZRE Ho
A AA(p)9t slote] A7lol W& AAETE Puwl9l
2 EAES ¢+ U

o9} e A B AT AAY YE 7R
N TE, REE AHE-she dubdel o5 uye 73
719kt &7 sloto] plate®] F 4ol A offsetf Al v}

. 2t 5-pole cHH &2} HWE{Q| M|

¥ Aol Me 45E T $17]8 AHE8te] Che-
byshev3&-& Ze FH‘E%J} gEE ojFRES i

TREZ FA%e TF FNNE Avete 7HE
Atk dd &3 e e ‘5"19 -rﬂ]'-r 14.5GHzo) A o
¥ 100MHzZ ZI5E 319} "E9 AAAYS
313 72

¥ 1. 5-pole fH E# UE 4A +3
Table 1. Design specifications of 5-pole bandpass filter

& 5 T 7
A F35(1) 14.5 GHz
Fot4 g Z(BW) 100 MHz
gbl;ipple 54 0.1dB
AR 74 (BWx2) —-25dB
48 x5 5
7 T HEA Chebyshev §4*
_:JJ:E-] T2 ] longitudinal type

H 19 dA =79 & "Ee] Qo ZF TN
o AgAF kg 75 A ()7 Ut

Q. =166.275
k12=5.5>(10-3=k45 (8)
ka3 =4.19X]0'3=k34

1255

www.dbpia.co.kr



WEHESERXE 976 Vol.22 No.b

29 6L TE, 259 TMop-n 2 EE

ZEHAAZ 3

e AFRCG TE ,REE T3} O FRE TF
Z2A712 QA% 2tk 5-pole BE 9] FXF vebdrh
218 6ol tuning ¥ coupling screw?] A& & F
FIg=
e
(—~—§LL‘~‘—4 )
g B ety R
A B C s
= i j
T C \ o
Tt T2 ‘

agle dErse o
TZ

3k 2%+ S-pole HE 9]

Fig. 6 Structure of 2-stage 5-pole filter consisted of triple

and dual-mode

V. S e AED 53

LA =

B =FoA 2% Spole Y EH HE = 2y

HEe HE s A%
L EERELT T

Fo 7 e .29 longitudinal

HE2HqeA dE 9 o7 Ald

Table 2. Outline dimensions of bandpass filter

& = = 7}
Iris
— 57 0.2
—-ql.-2¥x 0.8%8.6
— intercavity(offset #&]) 0.8%6.4 (0.21R)
T3
- 27 183 ¢
— ol AEr e 40.1
rolERE 40.54
Adaptor TFlann ; 17091-SF90
AL A7 3¢
1256

s log MG log MG WARRERTT)
o 0.0 @ 8 2 0.0 @ 8 14.8 Gk
§ e 1} 18.0 B~ —21.678

-21.678 B -1.77% &8
% -

[ MAER 2

¢ [—\4\ 14,48 Gtz
MORKER | ~26.991 o

14.5 |GHz
1% .

pet Q\ MARKER 3
14,98 Griz
/ \ 20,273 o

/ WORER 4

. 4 Gz

SMA-connector?} waveguideZtS] transition?l Adap-
tory= 48 A &<l Flann MicrowaveA}2} 17091-SF90
& AR BT Z R E 9] E4 o= HP 8510C Vector
Network Analyzer& ALg38ho] &4 319}

3 2% A7 S-pole (2 stage) Chebyschev £9 ot
FRFE A7 e YN Algeln 29 7L
Az FF A7 A5 HEHE Ve

321 7.2¢ S-pole F% 2217 ¥y

Fig. 7 2 stage S-pole cavity filter

L2 H N 0F
1Y 88 F4) F3h4 14.5GHzol A th o Z 100MHz
Z2be S-pole HE] 9] ¢S span IGHzZ 4%

\\' .
% Hl f\‘r'“\fu ‘ \..h AWGWG:
-0.8094
{.
S 15. ongoaoam o

Tl 8 ge e e %t 54 -Span 1GHz
Fig. 8 A band pass characteristic of filter-Span 1GHz

1=

www.dbpia.co.kr



Bx/ol% 2 4FRE 35 F4712 7449 29 5-Pole 49 ¥ €H

] MG 8. | -
’% 2.0 8 9 F& :.:g, = Wl:.ﬂ_?‘h
12.9 B 3 -1
V -reew Q ~14. 102 B &
G WRER 2
c 14.4 Gz
MARKER ] -96.304 ¢H]
14.5 |Gz
pain
MRKER 3
14.273 O
66,259

START 10, SR GHx 21 T ™
5TOP (9. 000000008 Gz 14:81:42

12l 9. del ol e 534 E4 - Span 5GHz
Fig. 9 A band pass characteristic of filter- Span SGHz

28 894 marker 12 £4] Fu+E Yz
marker 29} marker 3+ ¥3 99 Z 100MHz-& e}
A} marker 49} marker 5+ $ 3 )9 & 100MHz9)
29 & viepdth

29 8olA "Ej} T4 FHFE 14.5GHzAM 3
3] F2ie F3 dig o] &A1& oF ~1.63~—2.90dB
e & 5 Ak EF wEAIEH §, 2 ~15dB o]} o]
pei=3

Y 9v B9 £9L 5GHz span. 28 &%
2¢ Jepdoh AA QA Fe 67dB o] gz
22207 = 3

V.d &

B Ayde =03y dEo a8 FAE F
o]7] Y8 AHEEE olFRE H HFREVIEE F
Alell HEAIA olFH A4FERE &S NHAeR
HEAAM e FHE F s 29 S-pole =7 d|F
23 Yej & AA A sk

AEEE TE ) 229 £, £3EC9) SEHA
Aol Qe TMy; 28 3380 o]FR =& TEys
zoo £, 3 YEE o] g3tdrh

olgI§ 453 ol]FHE longitudinal typel &
A&t

olFREg} NFRE=g AA3E intercavity slot-2

Chebyshev WE $&& 7837 A 40 A%
< 99 slot o) £ TE R =9 A ARULS
AFEE & 3rh o) Y&l slot HHA ] TM B
ol TE 2 =9| tangential?# longitudinal field A 71
£ el ey TE,, 2=zte] AFA s s 44
& Q&3] F58 o offset Fef 2] slotg Al 23t o).

£ =R AT YEREy o|FREE 9
g 2%k S-pole 3% F327] Hele 7]€9 conven-
tional F% %7 "ele] 27| FAE 60%7HA]
Y F doy o|lFrEg 4FRE YoRE FH
8 5 gl polee] S/ BAHE e dFRE TF
27 "e 9 Az 348 5 UL Aol

= U

1. C. Kudsia, R. Cameron and W. C. Tang, “Inno-
vation in microwave filters and multiplexing net-
works for communications satellite systems,” /EEE
Trans. Microwave Theory Tech., Vol. MTT-40, No.
6, pp. 1133-1149, June 1992.

2. A. E. Atia and A. E. Williams, “New types of
waveguide bandpass filters for satellite transpon-
ders,” COMSAT Tech. rev., Vol. MTT-1, No. 1,
pp. 21-43, Fall 1971.

3. W-C. Tang, “A true Elliptic-function filter using
triple-mode degenerate cavities”, /EEE Trans. Mi-
crowave Theory Tech., Vol. MTT-32, No. 11, pp.
1449-1454, November 1984,

4. Uwe Rosenberg, “Filter design using in-line triple-
mode cavities and novel iris couplings”, IEEE
Trans. Microwave Theory Tech., Vol. MTT-37, No.
12, pp. 2011-2019, December 1989.

5. A. E. Atia and A. E. Williams, “A solution for
narrow-band coupled cavities,” COMSAT Tech.
Memo. CL-39-70, September, 1970.

6. 3d, ol%&, 24, “Ku-band TE113 Dual-
mode 3% F%7] HEje] A", AT &2 A A
3278 AH, A 93, pp. 63-69, 1995.

7.3, 94, ANAL §HE e ojFRE
FE T2 "y dA 2 A, 35Ny
2} A 213, A 235, pp. 505-513, 1996.

1257

www.dbpia.co.kr



BEHERERE '97-6 Vol.22 No.6

R =Y, Fod, 443, 394, “Hybrid-typee] 2
o S-pole 3% F27] €E A", AaFEy F
A el s =T (A) A 199, 4 23, pp. 547-550,
1996.

. R. L. Gluckstern, R. Li and R. K. Cooper, “Elec-

tric polarizability and magnetic susceptibility of

small holes in a thin screen,” IEEE Trans. Micro-
wave Theory Tech., Vol. MTT-38, pp. 186-192,
February 1990.

& #8 #(Sang-Cheol Kim) % 3| ¢

19914 24 - A 8F5 A=} st
st FJ(F-8Hh

19934 2H : 4ol 8Fa A A% A
ot 2 oA
A

19934 3H~@ A : B3l ghawr A
AEN T A}

Fh ES 2 A

1258

# % $8(Hong Ui-Seok) 4 319

19824 128 : 59 AachenZd] A
238t 2H(F e
1AL

19834F 1 A ~19864E 28 : 53 9-v)) &}
I AAFEAE g
B4

19864 28 ~19874: 2 : 0] Uni-

versity of Texas(Austin) 2 Q347

19874 34 ~19924F 21 13-l gtr A Z A F 8t

L

199297 3H~RA AN F2- o st A w38t} v

19884 3H~HA w4 F77lgdE AE99

9N TH~F A BAHA - 324 A T3] o]}

19934 10~ 4] A 7] 52y H3] 8193

A9

1994% OH ~F A e AVledrad A7

19964 3BA~RA A 44 Foe =l =24 449

19964 10 ~& A o} g 2 5} 3) 3 99

19974 1 [ ~& =) : 61“1%*122}5] H 3 ol A}

19974 2H~8A: F 2104 &M drig P37}

$l
ol B2, ol W Y AEA,

A R okt
3
:

P

www.dbpia.co.kr



