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Design of an Interdigital Diplexer for RF Front-End

X *
o 4 %4 HY

Sangrok Lee * Choul-Young Kim*

Q o

B EROAE FEir avity)d QETAEY ol FAN AA ES AL, o5 BEE 4A 23S BT oz}
g PASHE QA9 B4 PA 1E BN ARL ARDT BAH FES A3 AA 27178 447 AR o]
He Eao] 9o 2AFAE, 7 /10 AYE, U AARE XIS 42 o) ¥ FAAS AEE B8
stol % A9l ANAZ 59 AHOALY B T3 o) S WAL AFA NP TE T B2 Bl 2E
8 271000 e T BRAS 2L, AHE A7) ABAIH NGPOA NEF HHHE S AF
Ao 7% TholZUAE B F35 2 Ul EdA 05 dB Tlwel A £43% 18 dB Flwe) vkl &4 Jelx
80 dB o] AUE 27 2AL BEIAT

Abstract

In this paper, we propose a diplexer design method and present the design result using it. Along with a series of synthesis processes
of a filter, it indicates the limitations of the traditional process. To overcome the limitations, two five-stage Chebyshev interdigital band
pass filters are designed with parameters of resonance frequency, coupling coefficient between resonators, and external quality factors
of input/output including the antenna connection obtained through Electromagnetic simulation from the beginning of the design. The
tuning direction of the initial design result is determined using the internal port tuning method, and the result is reflected to the
Electromagnetic simulation. Therefore, rapid optimization is possible. The final design of the diplexer had an insertion loss of less than
0.5 dB, return loss of less than 18 dB, and more than 80 dB of isolation at the target frequency band.
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Table 1. Design requirements for X-band diplexer.

Transmit Receive

Center frequency 7.5 GHz 8.3 GHz
Bandwidth 200 MHz 200 MHz
Insertion loss <05dB <05 dB
Ripple at pass band <0.1 dB <0.1 dB
Return loss > 18 dB > 18 dB
Isolation for relative band < 80 dB < 80 dB
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Table 2. Low-pass prototype filter coefficient.
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Fig. 2. Prototype of band pass filter.
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Table 3. Design parameters for band pass filter.

Center frequency Center frequency
7.5 GHz BPF 8.3 GHz BPF
ko 0.0307 kon 0.0277
ki 0.0268 ki 0.0243
ks 0.0186 ka3 0.0168
kaa 0.0186 kg 0.0168
kas 0.0268 kas 0.0243
kse 0.0307 ks 0.0277
A(FBW) 0.0267 A(FBW) 0.024
Oext 28.36 Oext 31.38
ty 24 ns ty 24 ns
= 5 9
I
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Fig. 3. Configuration of interdigital type diplexer.
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Table 8. Simulation results for cause analysis.

7.5 GHz (mm) | 8.3 GHz (mm)
Dimension
Initial Final Initial Final
Cavity height 9.99 9.04
Cavity width 9 9
Diameter 3 3
Rod

Length 7967 | 7595 | 6982 | 6.611

Feed to resonator 1 2.660 2.670 2780 | 2.853

Feed to resonator 5 2.630 2.670 2.500 | 2.778

Resonator space

(1 and 2, 4 and 5) 9203 | 9359 | 9599 | 9.806

Resonator space

2 and 3, 3 and 4) 10.416 | 10.483 | 10.904 | 10.970

1 0 0444 | 0 | 0415
2 0 0037 | 0 | 0079
Tuning 3 0 0012 | 0 0.040
SCrew
4 0 0037 | 0 | 0079
5 0 0444 | 0 | 0415
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8
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Fig. 9. Final design result.

71 R ot AES A8 AHEE 1" 49 $317] 9
& el vl 7 tolsA e g P Wkl ot
= ASE AHEh ol &s] fl8l 8 mm Aol
AT Agshe 21 4 310719 3% W) dojg

Resonator dimension C L fResonance
WxLxH mm (fF) (nH) (GHz)
9x12x9.99 69.808 | 6.900 7252
9x15x9.99 72228 | 6.841 7.160
9x18x9.99 73.701 | 6.776 7122
9x21x9.99 74747 | 6.704 7.110
9x24x9.99 75939 | 6.617 7.100
9x27x9.99 77.063 | 6.520 7.100
9x30x9.99 77.623 | 6481 7.096
12 mmell Al 30 mm7HA] HSAAZFAA 331719 F3
Tl A 33719 S7hR T8 fls) 2=
AYE 2t ARANEAE A&, A4S & 590 A
At AARFH F27] &5 He] Ao} oy
TR Fokpr) Yo, F1 7)o 94E Hekeo] 2
7Pl ARAELE STk o Ads 9T+ A
ok oot Fef Mstol o9 TR Fubar shgs el

'PI‘
gh A= = FA Abole] A
o F%

Fohe 940 2 93

L 2H AR 27F F7hskH, Eobl

oA e 4T ok

493



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 6, Jun. 2020.

M A7) AlEdolHE 2486t
71 AR, YEE R 9

-
AEF IS FAstglen, Aol

B
K
Y,
X
3
ity of
23
N
j’;_l‘
N

2
Wi\
OI
= &
o&‘l -
[o Ho ol
MU pol o

L
ol
= U
Az
o =
o
mro' =
O o .
o o N
2 o N
ol ) it
i 2
o St
=
o

g
A
it
o
D3
N
>,
it
&
L
2%

32
o

=
rL
of
o)
o
s
D
i
toby
|
4
o
PL
£
i
Y
[
a
—id
o
¥
il

BN
~
©
™

BN
N

<
N
9
R
o
~
4
(n
o
™

AL U
A &7 A4S BT & ATeld A Qe
A ol FHN AA AL P 4A B4/ AL
o] Q|EdE o)

2

4 ] g

52 7Psl gtk £9 IS ErQlelA By EE §
3 ) -

i

o

S BE3Hel T
S

oX ¥ of,
2,
S

References

[1] G. L. Matthaei, "Interdigital band-pass filters", IRE Tran-
sactions on Microwave Theory and Techniques, vol. 10,
no. 64, pp. 479-491, Nov. 1962.

[2] G. L. Matthaei, L. Young, and E. M. T. Jones, Micro-
wave Filters, Impedance-Matching Networks, and Coup-
ling Structures, Dedham, MA, Artech House, 1980.

[3] S. B. Cohn, "Parallel-coupled transmission line resonator

o] A F [FHulgtu/EAtaA]

https://orcid.org/0000-0001-8126-1357

20089 2¢: FHEUTEY ARG RE
2583} (A

20109 2€: st=rHsr e AAyet
(F 8 A

2017 9Y ~EA . Ful gty A A g}

5t} wpAb}g

[ ZAE0H % 22 2 Power Amp

Y
19

f
>
ol
ol

494

filters," IRE Transactions on Microwave Theory and
Techniques, vol. 6, no. 2, pp. 223-231, Apr. 1958.

[4] M. Dishal, "Alignment and adjustment of synchronously
tuned multiple-resonant-circuit filters", in Proceedings of
the IRE, vol. 39, no. 11, pp. 1448-1455, Nov. 1951.

[5] CW, "Webinar - Narrowband Combline Filter Design with
ANSYS HFSS". Available: https://www.cambridgewireless.
co.uk/events/49799-webinar-narrowband-combline-filter-
design-wi/

[6] K. V. Puglia, "A general design procedure for bandpass
filters derived from low pass prototype elements: Part 1,"
Microwave Journal, vol. 44, no. 1, pp. 114-136, Dec.
2000.

[7] J. S. Hong, M. J. Lancaster, Microstrip Filters for RF/
Microwave Applications, Hoboken, NJ, John Wiley &
Sons Inc., p. 218, 2001.

[8] B. F. Nicholson, "The resonant frequency of interdigital
filter elements", IEEE Transactions on Microwave Theory
and Techniques, vol. 14, no. 5, pp. 250-251, May 1966.

[9] Y. A. Omar, C. F. Miller, "Characteristic impedance of
rectangular coaxial transmission lines", Transactions of
the American Institute of Electrical Engineers, vol. 71, no.
1, pp. 81-89, Jan. 1952.

[10] D. G. Swanson, "Narrow-band microwave filter design",
IEEE Microwave Magazine, vol. 8, no. 5, pp. 105-114,
Oct. 2007.

A4 2 Qe

https://orcid.org/0000-0002-5532-7399

2002 29 FE e AAbget (38
Ah

20044 29 g=eed AR
(F3AAh

2008 29: s=rsrEd AR
GREEL))

20119 24¥: University of California, San
Diego(UCSD) A17] % #5783 8+7} Post-Doctorate

2011 39 ~AA: FHEUH L AR W

[+ 2 ZO0H A doltt & /i $8= 918 MMIC
2 AzY 5

)



