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Dielectric Waveguide Filters Design Embedded in PCB Substrates using
Via Fence at Millimeter-Wave
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Abstract

In this paper, the implementation and embedding method of the existing air-filled waveguide-filters at
millimeter-wave on general PCB substrate is introduced by systematically inserting the vias inside waveguide and
mathematically manipulating the simple equations obtained from the classical circular-post waveguide filter design, All
the metal structures placed vertically such as side wall for perfect ground plane and circular-post for signal control
in the air-filled WR-22 waveguide are replaced with several types of via for constructing the bandpass-filter. Side wall
and poles inside waveguide are realized by placing a series array of via and tuning the via diameter. The lengths of
X, ¥, Z axis are reduced in proportion to root square of employed substrate dielectric constant and especially the length
of z axis can be more reduced due to the characteristics of the wave propagation. Because the mass production on
PCB is possible without fabricating a large-scaled metal waveguide of WR-22 as input/output ports at millimeter-wave
regime, the manufacturing cost is reduced considerably. Finally, when using multilayer process ke LTCC for
small-sized module, it is one of advantages to use only one layer for the filter fabrication. To evaluate the validity
of this novel technique, order-3 Chebyshev BPF(Bandpass-Filter) centered at 40 GHz-band with & 2.5 % FBW
(Fractional Bandwidth) were used. The employed substrate has relative dielectric constant of 2.2 and thickness of 10
mil of Rogers RT/Duroid 5880. Accroding to design and measurement results, a good performance of insertion loss
of 2 dB and return loss of —30 dB is achieved at full input/output ports.
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Fig. 1. Circular-Post Waveguide Filters(Typical).
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Fig. 2. Equivalent Circuit of Circular-Post Waveguide
Filters.
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Tabie 1. 40 GHz-Band Waveguide Filters: Q-band WR-22(axb=5.7x2.85 mm) Rectangular Waveguide, 3 resonators,

and 1/100 mm processing error(Unit: mm).
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Fig. 3. Simulation results of typical Circular-Post Wa-
veguide Filters.
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Table 2. Physical parameters to implement and embed waveguide filters on PCB{Unit: mm).

o to w wg W rl ] sl 52
Fly 7.7 3.85 0.3 0.8 3.016 3.409
W vial_p via2_p via3_p h h t fl
s 06 0.3 0.6 0.254 0.274 1.704

- o wZHF ge] F Yo, o (Tu# dE F o)), ms w(vlo|ZZAEYHE Yol), ms [(mlo]ARAEF o)),
if widol® =532 gop, o (Ao do)), h(71Hy FA), ¢ =z e F FAl), weg wiatak Yo)), vial_p(2e

Z dlopatels] Ag), via2 p(thE & vlotrAteld Az)), vial p(ME TE uHlokE Ateld] Ag)

Wavequide H.Sip-to-Waveguide
__,...-th.-..._‘__ Transian,

to_w |y

. -
e LS.

(@) ¥Hx
(a) Top View

‘ Lot Bl s2
MM U S —

msd il
(b) 395
(b} Side View
vizx?_f rl
- | e 0
() A¥%
(c) TOP View

J8 4 PCB 7|#E ©}&3 /34 =od 4F
Fig. 4. Dielectric waveguide filters using PCB sub-
strate.

A7 e 71¥FY Fxeo|H o= PCBY LTCC ¥
AL Agste AZE 4 gick 2A 71Ee W
oz2x =B side walle WlA&] &) ¥
5ol Rol= Az 2o} & £9 viag =BA HY
£ uet QR AR ole TaE 2 A
Tolu dejug R Aol A A2 3443 via Aol
A9 AR A8 M57 AousiA Bt oAl
o3 Q14 44¢h9] isolationo] pEFItiE Holth
olE A3y &l & Fol okd F £ via B&
w3 AHgd F27F 19 500l WERt ok 19
2 AR E T4 S0l AF 7HsE via Ao

76

Copyright (C) 2003 NuriMedia=Co:¢ Litcks >+

(a) A=A og ¥
(a) Perfect metal side wall

() & Bl Weldg AR DEAY Hlol Hw
(b) Via fences two series array of via

© ZAE 5 29 vode ARE vlo} A
{c) Via fences two series array of via

(d Zatd F 29 Ho]g2 A& o} HE

{d) Via fences two series array of via

8 5, clekst Side Wall2 TAY S4A Taad
ZE

Fig. 5. Dielectric waveguide filters having various side
wall.
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Fig. 6. Simulated results of Fig, 5.
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Table 3. Physical parameters for microstrip-to-waveguide transition(Unit: mm).
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Fig. 8. Dielectric waveguide filters realized on PCB
substrate.
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