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Ceramic Monolithic Waveguide Duplexer with Compact Size

AgE-0 27

Chan-Joong Kwon *+ Moon-Que Lee

Q@ o
B =72 7| 293 e (cavity) FZUME AT & e 28 Agd BExEE o9 d FZYAE A e
o WA F2UM A0 e FAFHE, A7) 7 AFASF, SHUEES FR7] Abo] 9)F-EAASFE 3D-EM
NEH oIS o] &3t FZ59th £ FE = 446 GHz9 4.96 GHzol A 120 MHz S Z3} 0.043 dB FZ< 2=
421 A B g5 gE 2 rEsth FE2YA FAES 8 $54 EE Hplane A 3|25 o] &5te] Ags%
o 23723, 1.3 dBY A4UEAT 60 dB $4A7 Al EAS Bth A2 Ao 2= 5.74x2.18x0.41 (em’) 22
71 AtelZ tiH] 450 A¥3HE EA AT

Abstract

This paper proposes a ceramic waveguide duplexer with compact size that is able to substitute for a conventional cavity waveguide
duplexer. Prior to the duplexer design, we extracted the physical parameters required in duplexer filter design, such as the resonant
frequency, coupling coefficient, and external quality factor, using 3D-EM simulation. The TX and RX filters were designed as 4th order
Chebyshev BPFs with a 0.043 dB ripple and a bandwidth of 120 MHz at 4.46 GHz and 4.96 GHz, respectively. To complete the
duplexer design, the H-plane waveguide junction was used to combine the TX and RX filters. The measurement shows an insertion
loss of less than 1.3 dB in the pass bands and TX to RX isolation of greater than 60 dB. The fabricated duplexer has a size of
5.74x2.18x0.41 cm’, which achieves a size reduction by 4.5 times compared with a conventional duplexer.
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Fig. 1. Design flow for ceramic waveguide duplexer.
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Table 1. Specification of the designed band-pass filter.

Transmit Receive
Filter type Chebyshev Chebyshev
No. of order 4 4
Center frequency 446 GHz 4.96 GHz
BW (band width) 120 MHz 120 MHz
Return loss > 20 dB > 20 dB
Isolation > 60 dB > 60 dB
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Table 2. Low-pass prototype coefficient.

Value
& 1
g 0.9332
o 1.2923
o 1.5795
& 0.7635
gs 1.2222
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Table 3. Low-pass prototype coefficient.

TX RX
Koy 1.0351 1.0351
ki 0.9105 0.9105
ko3 0.6999 0.6999
ks 0.9105 0.9105
kas 1.0351 1.0351
Oext 34.68 38.57
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Fig. 2. Equivalent circuit model of J-inverter.
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Fig. 3. Equivalent circuit of TX and RX BPFs.
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Table 4. Impedance inverter values.

X RX
L, 853 nH 8.08 nH
Ly 46.36 nH 46.36 nH
Ly 60.31 nH 60.31 nH
Ly 46.36 nH 46.36 nH
Jo 4.46 GHz 496 GHz
BW 120 MHz 120 MHz
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Table 5. The physical sizes of TX & RX resonators.

X RX
fo 4.46 GHz 496 GHz
a (Lengh) 10.63 mm 9.56 mm
b (Hight) 5315 mm 478 mm
d (Width) 10.63 mm 9.56 mm
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Fig. 5. Coupling between resonators.
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Table 6. Physical lengths of slits.

TX RX

My 0.0245 0.022

Mo 0.0188 0.0169

My 0.0245 0.022

Slit 1 2.94 mm 2.9 mm

Slit 2 3.08 mm 3.15 mm

Slit 3 2.94 mm 2.9 mm
Atk ® 62 ATl wE S8 Holg A st
HojEr)

A2y Esta BEolA ARELAAFE A 9
3 38 73 o] 959 GAE AGAE 55 Z2uE
AW 27 2 AT @ 2R AR 98 ER
A%E 24eE 29 Zrne YA Az, =
ZHO AA(p), ZRZH 9], FR7] Folp)oltH, &
wRANE AN B el ZRuel AR
zguel 948 1AW A TA7Y Folg WA
AR FANFE ARG AREAAFE 4UsE
olgslel FaAY ¥ Ao ZE Aele] AY 54
S oD UL T 72 Ak 2 ol
Qe H t‘ij

~Jo
@ = B, 9
79 8= 27| Eold] W gREAAZL W 17
TE HojFErh

25 Mzefe) Zopt g8 fx

T AE Ags 918 =oAL E-plane BA,
H-plane 44, Magic-T 44| 3 A
= Al A A 7R xR} 2 E=EelA 443 Hoplane
AN Wy FE HolErh AAS AAE A w83

23 Ay BB ia FEIA

QOutput
port

Output port

/ A
7

Input port

on (X : Weﬁk

(a) 2-port network %9
(a) 2-port network modeling

$21(dB)

0 Freg.
(b) AlEdeld 23t

(b) Simulation result.

a8 7. JFF2AT
Fig. 7. External quality factor.

€0

50

30

20

External quality factor, Qe

4 41 42 43 44 45 46 47

Resonator height (mm)
a2 8. FA7] wold] we JRFLAS A

Fig. 8. Curve of external quality factor versus height.

901



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 11, November. 2020.

(a) E-plane A4
(a) E-plane junction

rt 1

(c) Magic-T 44
(c) Magic-T junction

a8 9. A =
Fig. 9. Junction structure.

S bl
7] *}Ol o 7H4 :Q(hole)% “J—'é—l, 1 7AE 24
A TS AASEH. & Ael2E 47 1 mme A

Q

o
bl & 78S 2833, A4 £ 9 EALE 2 2
ECESLTE

I. =28AM XM& & 55240

9 102 HFH o2 A Ay =93 724
T A AN S Bk A Aty makd F
ZY X9 HFA7])E 57.44x21.88x4.1 (mm’)o] T}, A 2 o]
AREEE Alehe > A2 20, SATAE 0.00029]
545 et

I3 119 Aors Algd Takadt F
Ao} A AANE vt HoFT 9l BA g

902

(b) H-plane A
(b) H-plane junction

(d) Askgk ZA
(d) Proposed junction

_______________________________

_____________________

(@ A% +x=
(a) Designed structure

(b) A= AR

(b) Its photograph.
J8 10. A2y =std 7294 2
Fig. 10. Ceramic waveguide duplexer.
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Fig. 11. The characteristic of the fabricated ceramic wave-
guide duplexer (solid line: simulation, dot line:
measurement).
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Table 7. Compliance table.

Measurement

(TX/RX)

Specification

(TX/RX)

TX: 44~4.52 GHz TX: 436~4.50 GHz

Pass-band RX. 49502 GHz 1050 o
Insertion loss TX: 15 dB TX: 0.7 dB
RX: 15 dB RX: 13 dB
Return loss TX: > 200 dB TX: > 155 dB
RX: > 20.0 dB RX: > 11.1 dB
Isolation > 60 dB TX to RX: > 66 dB

RX to TX: > 73 dB
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