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60 GHz Bandpass Filter Using NRD Guide E-Plane Resonators
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SUMMARY A novel structure of bandpass filter using NRD guide E-
plane resonators is proposed. The NRD guide E-plane resonator is con-
structed by inserting metal foils in the E-plane of NRD guide. Simulation,
fabrication and handling of the filter are very easy because each resonator
is separated by simple metal foils. Chebyshev response bandpass filters are
designed based on the theory of direct-coupled resonator filters and fabri-
cated at 60 GHz. Simulated and measured filter performances agreed well
with the design specifications. Insertion losses of the fabricated filters were
found to be around 0.3 dB for 3-pole filter and 0.5 dB for 5-pole bandpass
filter, respectively.
key words: millimeter wave bandpass filter, NRD-guide, NRD guide E-
plane resonator, millimeter wave integrated circuits

1. Introduction

With the rapid advance of information technology, millime-
ter wave applications have attracted much attention to real-
ize high-speed and wide-band communication systems. Ac-
tually, several millimeter wave wireless systems have been
developed using Non-Radiative Dielectric (NRD) wave-
guide [1]–[3] as well as other transmission media [4].

For the construction of such wireless systems, millime-
ter wave filters play an important role [5]–[7]. Several band-
pass filters suitable for NRD guide circuit applications have
been also reported so far [8]–[10]. However, they are by no
means convenient to put to practical use. In the case of band-
pass filters using ceramic or dielectric resonators [8], [9], it
is difficult to hold resonators at position. A bandpass filter
which has metal foils inserted in the H-plane of NRD guide
requires very accurate simulation and fabrication technique,
because small gap between metal foils and conductor plates
of NRD guide makes the electromagnetic field concentrate
there tightly [10].

In this paper, the NRD guide E-plane resonator which
is constructed by inserting metal foils in the E-plane of NRD
guide is proposed. Simulation and fabrication of this filter is
very simple because any discrete ceramic or dielectric res-
onators are not needed and any concentrations of the elec-
tromagnetic field are not observed. Based on this technique,
Chebyshev response 3-pole and 5-pole bandpass filters are
designed, and fabricated at 60 GHz. Measured frequency re-
sponses of the fabricated filters agree satisfactorily with the
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simulated prediction, and insertion losses of them are found
to be quite small.

2. NRD Guide E-Plane Resonator

The structure of the NRD guide E-plane resonator is shown
in Fig. 1, where the part of the upper conductor and di-
electric strip of NRD guide are not drawn for the explana-
tion. NRD guide consists of PTFE strips with height a of
2.25 mm, width b of 2.50 mm, and relative permittivity εr

of 2.04 at 60 GHz, inserted in a below cutoff parallel metal
plate waveguide [1]. NRD guide with this dimensions have
the single-mode operation over the frequency range from
54.9 GHz to 66.4 GHz. The NRD guide E-plane resonator
is composed of two metal foils with a length M which are
placed at position a/2 of PTFE strips in parallel with the E-
plane, since the LSM01 mode of NRD guide has a cut-off

condition in the metal foil part when the space between the
metal foil and the conductor plate is below 2.02 mm. The
distance between two metal foils is equal to the resonator
length L. It is assumed that the metal foils use copper foils
and that the conductor plates of NRD guide use aluminum
plates.

The values of resonant frequency f0, and unloaded Q-
factor Qu are computed by using a 3-dimensional electro-
magnetic simulator Ansoft HFSS Ver.8.5 at 60 GHz band.
The variation of the resonant frequency f0 versus the length
L is shown in Fig. 2 by black circle, where the length M of
the metal foils between the resonator and input/output NRD
guide are equal to 3.00 mm so as to be a weak coupling. Fit-
ting curve ( f0=0.702L2 − 8.03L + 80.99) deduced from the
calculated results is also shown in Fig. 2 by black line. The
resonant frequency f0 can be calculated from this curve and
the length L as f0=60.5 GHz is equal to 3.84 mm. More-

Fig. 1 The NRD guide E-plane resonator.
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Fig. 2 The variation of the resonant frequency f0 vs. the length L.

over, the value of unloaded Qu is computed using values
of the ideal loss shown in the following; the conductivity
of the copper foil: σcu = 58 × 106 S/m, aluminum plate:
σal = 36.5 × 106 S/m and the loss tangent of PTFE: tan
δ = 2 × 10−4. As a result, we can get the values of the Q-
factor in the following; Qc=6400, Qm=14000, Qd=4100 and
Qu=2100, respectively, where Qc is due to the loss of the
aluminum conductor plate of NRD guide, Qm is due to the
loss of the copper metal foil inserted in the E-plane, and Qd

is due to the dielectric loss. It is found that the unloaded Qu

is mainly determined by the dielectric loss, since the electric
field is concentrated in the dielectric part.

3. 3-Pole Chebyshev Bandpass Filter

The 3-pole Chebyshev bandpass filter is designed using the
proposed resonators. The filter has a center frequency f0 of
60.5 GHz, 3 dB passband width of 2 GHz, and a passband
ripple of 0.1 dB. This filter is designed based on the theory
of direct-coupled resonator filters. The equivalent circuit of
the 3-pole bandpass filter is shown in Fig. 3. The values of
external Q-factor Qe and coupling coefficient ki j can be cal-
culated easily by using the well-known formulas [11]. From
the specifications of the filter, we get the element values of
Qe=Qei=Qeo=36.67 and k=k12=k23=0.02586.

3.1 External Q-Factor

The required external coupling between the first/last res-
onators and the input/output lines is too large to be adjusted
by changing only the metal foil length se. In order to over-
come such a difficulty, a gap of width we is introduced at the
center of the metal foil as shown in Fig. 4. The gap makes
the external coupling stronger due to the field propagated in
the gap. The S -parameters with different values of se and
we are computed by using HFSS. The value of the external
Qe is obtained from the computed S -parameters using the
following formulas [11].

Qe = QL (1)

∵
1

QL
=

1
Qu

+
1

Qei
+

1
Qeo
, Qu = Qeo = ∞ (2)

Fig. 3 Equivalent circuit for the 3-pole bandpass filter.
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Fig. 8 The cross sectional view of the 3-pole bandpass filter structure.

(a)

(b)

Fig. 9 The simulated results of the frequency responses for the 3-pole
bandpass filter. (a) Before adjustment, and (b) After adjustment.

about 61.5 GHz and its value is 1 GHz higher than the spec-
ification value. The reason for the discrepancy may be due
to the presence of resonators at both sides, one of which is
ignored at the initial stage of design.

In order to improve the frequency response designed
so far, diagnosis is performed to estimate the values of
the each filter elements using the circuit simulator Agilent
ADS2004A provided with optimization function [12], [13].
The adjusted values are determined from the difference be-
tween the estimated and design values, and the calculated
results with the fitting curve by HFSS shown in Figs. 2, 5,
and 7. The simulated frequency response of the adjusted fil-
ter and the ideal response are shown in Fig. 9(b) by solid line
and dashed line, respectively. The frequency response by

(a) (b) (c)

Fig. 10 Photograph of the 3-pole bandpass filter. (a) The actual structure,
(b) The metal foil pattern part, and (c) The base part.

(a) (b)

Fig. 11 The deformation of the PTFE strips. (a) PTFE strips, and (b)
PTFE strips with conductor plates.

HFSS agrees considerably with the ideal one. The final di-
mensions are L1=L3=4.94 mm, L2=4.68 mm, se=0.60 mm,
we=0.70 mm, s=0.50 mm, and w=0.20 mm.

3.4 Fabrication and Measurement

The 3-pole bandpass filter designed above is fabricated by
using a numerical controlled processing machine, a photo-
lithograph, and a wet etching process. The numerical con-
trolled processing machine is used to make the dielectric
strip part. The photo-lithograph and the wet etching pro-
cessed are used to make the metal foil pattern. The pho-
tograph of the fabricated 3-pole bandpass filter is shown in
Fig. 10.

The filter is measured by using a vector network an-
alyzer through COAX-WG transitions and WG-NRD tran-
sition horns [14]. A calibration is taken by using a stan-
dard waveguide calibration kit and the through line of NRD
guide, because there are not any standard NRD guide cali-
bration kits.

The frequency response of the fabricated filter is mea-
sured at 25◦C. However, the measured center frequency is
lower than the designed one about 0.5 GHz because of the
change of the guide wavelength due to a slight deformation
of the PTFE strips as shown in Fig. 11. In the present fab-
rication, the height of PTFE strip a + ∆a is slightly higher
than the height a between two conductor plates to avoid an
air gap between the strip and the conductor plate, which
causes parasitic LSE01 mode, since the high precise fabri-
cation equipment is not possessed. In order to compensate
the change of the center frequency, the lengths L of each
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Fig. 15 The simulated results of the frequency reposes for the 5-pole
bandpass filter after adjustment.

(a)

(b)

Fig. 16 The measured results of the frequency responses for the 5-pole
bandpass filter. (a) Narrow band response, and (b) Wide band response.

wide band response is also measured from 57 to 67 GHz. As
can be seen from Fig. 16(b), the sharper skirt characteristic
is realized compared with the 3-pole bandpass filter and the
first spurious resonance appears at around 65 GHz, which
agrees with the simulated one.

5. Conclusions

By using the novel NRD guide E-plane resonator, the 3-pole
and 5-pole bandpass filters have been designed and fabri-
cated at 60 GHz band. The fabricated filters satisfied well

the design specification, and validated the proposed res-
onator. Moreover, the insertion losses of them are found
to be sufficiently small. We expect that the filters can be ap-
plied readily for high-speed and broadband wireless systems
using millimeter wave.

Acknowledgments

This work was supported by MEXT.HAITEKU(2002).

References

[1] T. Yoneyama and S. Nishida, “Nonradiative dielectric waveguide for
millimeter-wave integrated circuits,” IEEE Trans. Microw. Theory
Tech., vol.MTT-29, no.11, pp.1188–1192, Nov. 1981.

[2] T. Yoneyama, “Millimeter-wave transmitter and receiver using the
nonradiative dielectric waveguide,” IEEE International Microwave
Symposium, NN-2, pp.1083–1086, Long Beach, June 1989.

[3] F. Kuroki, S. Sugioka, S. Matsukawa, K. Ikeda, and T. Yoneyama,
“High-speed ASK transceiver based on the NRD-guide technology
at 60-GHz band,” IEEE Trans. Microw. Theory Tech., vol.46, no.6,
pp.806–810, June 1998.

[4] K. Hamaguchi, Y. Shoji, H. Ogawa, H. Sato, K. Tokuda, Y. Hirachi,
T. Iwasaki, A. Akeyama, K. Ueki, and T. Kizawa, “Development
of millimeter-wave video transmission system,” Proc. 2000 Topical
Symposium on Millimeter Waves, pp.189–192, March 2000.

[5] Y. Ishikawa, T. Hiratsuka, T. Sonoda, and S. Mikami, “V band pla-
nar type dielectric resonator filter fabricated in ceramic substrate,”
Proc. 1997 Topical Symposium on Millimeter Waves, pp.93–96,
July 1997.

[6] Z. Ma, Y. Takiguchi, H. Suzuki, and Y. Kobayashi, “Design of two
types of millimeter wave filters using coplanar waveguide struc-
tures,” Digest of 2000 Asia-Pacific Microwave Conf., pp.516–519,
Dec. 2000.

[7] Y. Sato and Y. Kogami, “A millimeter wave filter using the
whispering-gallery mode dielectric resonators coupled laterally,”
IEICE Trans. Electron., vol.E88-C, no.7, pp.1440–1447, July 2005.

[8] T. Yoneyama, F. Kuroki, and S. Nishida, “Design of nonradiative
dielectric waveguide filters,” IEEE Trans. Microw. Theory Tech.,
vol.32, no.12, pp.1659–1662, Dec. 1984.

[9] F. Kuroki, S. Shinke, T. Yoneyama, and H. Sato, “Band-widening
of ceramic resonator loaded NRD guide band-pass filter as 60 GHz,”
IEICE Trans. Electron., vol.E84-C, no.10, pp.1569–1574, Oct. 2001.

[10] S. Shinke and T. Yoneyama, “Metal foils built-in NRD-guide band
pass filter,” 2005 IEICE General Conf., C-2-101, p.134, March 2005.

[11] G.L. Matthaei, L. Young, and E.M.T. Jones, Microwave Filters,
Impedance-Matching Networks, and Coupling Structures, McGraw-
Hill, New York, 1964.

[12] T. Shimizu, Z. Ma, and Y. Kobayashi, “Study of the design of a
30 GHz HTS-CPW type BPF using λ/4 resonator,” ibid, SCE2003-
7, MW2003-7, pp.37–42, April 2003.

[13] Z. Ma, H. Suzuki, and Y. Kobayashi, “Design and diagnosis of a
5 GHz 10-pole HTS bandpass filter using CPW quarter-wavelength
resonators,” IEICE Trans. Electron., vol.E86-C, no.2, pp.144–149,
Feb. 2003.

[14] T. Shimizu and T. Yoneyama, “NRD-guide and waveguide H-plane
transition and its application for lens antenna feeding structure,”
IEICE Trans. Electron. (Japanese Edition), vol.J89-C, no.5, pp.312–
320, May 2006.



SHIMIZU and YONEYAMA: 60 GHZ BANDPASS FILTER USING NRD GUIDE E-PLANE RESONATORS
1857

Takashi Shimizu received the B.E. and
M.E. degrees in electrical and electronic engi-
neering, and Ph.D. degree from Saitama Univer-
sity, Saitama, Japan, in 1999, 2001, and 2004,
respectively. From 2004, he has been a Re-
searcher in High-Tech Research Center, Tohoku
Institute of Technology, Miyagi, Japan. He has
been engaged in research work on millimeter-
wave device developments using NRD guide
and millimeter-wave measurements of the low-
loss dielectric materials. Dr. Shimizu is mem-

ber of the Institute of Electrical and Electronics Engineers (IEEE). He was
awarded The Young Researchers’ Award in 2005.

Tsukasa Yoneyama received the B.E., M.E.
and Ph.D. degrees in electrical communication
engineering from Tohoku University, Sendai,
Japan, in 1959, 1961, and 1964, respectively.
He was appointed a Research Associate and an
Associate Professor at the Research Institute of
Electrical Communication, Tohoku University,
in 1964 and 1966, respectively, and a Professor
in 1986, after serving as a Professor at the Fac-
ulty of Engineering, Ryukyu University, from
1984 to 1986. In 1999, he is an Honorary Pro-

fessor at Tohoku University and now a Professor at Tohoku Institute of
Technology, Japan. Working in the field of antennas, and microwave and
millimeter-wave transmission lines, he has proposed and developed NRD-
guide, which has been proven to be attractive for the use of millimeter-wave
integrated circuits and antennas. Dr. Yoneyama is member of the Institute
of Electrical Engineers (IEE), Japan, the Institute of Image Information and
Television Engineers (ITE), Japan, and Life Fellow member of the Institute
of Electrical and Electronics Engineers (IEEE). He was awarded the Inada
Memorial Prize, Best Publication Prize, Best Paper Prize, Achievement
Prize, and Distinguished Services Prize from the IEICE in 1963, 1983,
1990, 1996, and 1997, respectively, and the Shida Rinzaburo Memorial
Prize from the Ministry of Public Management, Home Affairs, Posts and
Telecommunications of Japan in 1995.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


