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Abstract A novel structure of bandpass filter using NRD guide E-plane resonators is proposed. The NRD guide

E-plane resonator is constructed 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 fabricated at 60GHz. Simulated and measured filter

performances agreed well with the design specifications. Insertion losses of the fabricated filters were found to be around

0.3dB for 3-pole filter and 0.5dB for 5-pole bandpass filter, respectively.

Keywords bandpass filter, NRD guide E-plane resonator, millimeter wave integrated circuits, millimeter wave
1. NRD H
BPF[10] NRD
NRD (Nonradiative Dielectric
waveguide) NRD E
[11-[3] NRD E
3
(BPF) [4]-17]
NRD BPF

[8]-[10]

[8109]



2. NRD E

NRD E 1
NRD
2
60GHz 2.25mm
£=2.04
PTFE a=2.25mm b=2.50mm
[1] NRD
55GHz 66.6GHz NRD E
PTFE al2 E M
2
L
Ansoft HFSS Ver.8.5
fo Q 0.
60GHz
M 3.0mm
L Jo
2
(fo=0.702L>-8.03L+80.99) LSMy; Ag/2
So
fo=60.5GHz L
3.84mm 58x10° S/m
36.5x10°S/m PTFE 2x107*
L=3.84mm 0.
0, 2100
3. 3 BPF
f0=60.5GHz, 3dB Af=2GHz,
RW=0.1dB 3  BPF
[11]
3  BPF 3
Q 0.~0.=0.,=36.67 kij=k12=
k23=0.02586
3.1. 48 Q
NRD E Q 0.
4
3.0mm
Se We
Q HFSS S
[11]
0. =01 = fo/Msap
11 1
00, 0 0, T

Dielectric strip
Metal foil

Conductor plate

M
L
74 M
a a2
1 / V944 [/
N1
1 NRD E
64 LI T
L ® HFSS
q \\ — Fitting curve
63 \\\ - - - 4/2 ISM,, mode
£=0.702 L7-8.03 L+80.99 |
E 62 —
S r
261 -
s f
= 60—
59 —
58 . 1 I 1 I 1 I 1
3.0 3.5 4.0 4.5 5.0
Length L (mm)
2 L fo
Qef k12 k23 Qeo
¥ ¥ \2 2R ‘2R
Zy
o o o 7,
3 3 BPF
Qei/Qeo / Q QL Q
Qu Q Qll
QEO
Se We Q
Jo 5
L f0=60.5GHz L=4.40mm
5(b) W, 0
L
5,.~0.60mm, w,=
0.60mm
3.2. WA RE K
NRD E

— 14 —



3.0mm

i

Lower conductor plate
Metal foil

Dielectric strip

100

80 —

N
3
I

External Q Q,
S
S
I

el

)
S
I
=

" L=4.40mm T
0 | | | | | | |

0.0 0.1 02 0.3 (2.4 9.5 0.6 0.7 0.8
w, (m

(@) Q Q.

61.5

59.0
0.0 0.1 0.2 0.3 (8.4 ()).5 0.6 0.7 0.8
w, (imm

(b) Jfo
5 Q

S w

kij Jox

[11]
Jfo;;z—fwz‘
‘f0h2+f012‘

, Jok =~ Jon for

kij i J

HFSS S

Dielectric strip

Lower conductor plate

Metal foil

ij
N

Coupling coefficent k, (xlO_z)
W

N »
o o o

—_

- w=00mm -[3 - w=03mm
--A w=0.lmm —A— w=04mm
- - w=0.5mm

~o —@— w=0.2mm

(=

(=]

62.0 i .
B/ w=00mm -3 - w=03mm
- w=0.lmm —A— w=0.4mm
61.5 —@— w=02mm -4~ w=0.5mm
§ 61.0 ~Q_ L=4.40mm_|
Q : o - i
-~ o AT
\360.5 ~ B IR
g A A - &
E600F 0 Tl Y o
A
59.5 a
........ .........,I--------..-----.--.T
59.0 I | |
0.1 0.3 0.4 0.5 0.6
s (mm)
(b) fo
7 ki
2 > th
5 fO]
§ w
ki Jox 7
L fu=60.5GHz
L=4.40mm 7(a) "
K
> fox Q



Metal foil

Dielectric strip

Lower conductor

/140747

IS| (dB)

S| (dB)

58 59 60 61 62 63
Freq. (GHz)

(b)
9 3 BPF

1

2 2 3

7 s=0.50mm, w=0.20mm

3.3. 74N FEEDORE

3 BPF

BPF

L=L;=4.40mm, L,=4.20mm, s,=0.60mm, w,=0.60mm, s=

(@)

(b)
10 BPF

)
Z
72}

o

)

7

57 59

(b)
11 3 BPF

0.50mm, w=0.20mm

BPF

HFSS
3

61.5GHz

Agilent ADS2004A

61 63
Freq. (GHz)

1GHz

HFSS

9(a)



Metal foil ‘L 0 :
Dielectric strip W, s,
S+
Lower conductor/ -_-W_z A/
LSZ -10 —
w, 2 )
' Sy T 5+
w Ll %)
€ s
/4 e 20
1.125 sl
V/ /A .
-
2.50 Sl I
58 59 60 61 62
12 5 BPF Freq. (GHz)
Q(’f kl 2 k23 k34 k45 Qeo
¥ ¥ \ 2R \ 2R ¥ ¥ ¥ ¥ ¥ ¥
ZO
Jo Jo Jo Jo Jo Zy
13 5 BPF
[12] 3 BPF
9(b)
L,=L;=4.94mm, L,=4.68mm, s,=0.60mm, w,=0.70
mm, s=0.50mm, w=0.20mm
3.4. RERCHIE
3 BPF NC
/ NC
PTFE 2
NRD
L 0.2mm
3 BPF 10
-NRD
[13] NRD
WR-15
NRD 25
11(a)
HESS 4. 5 BPF
fo &, =60.5GHz, 3dB Af=2GH
IL. £4=60.41GHz, Af-2.40GHz, .L.~0.26d 10~ 00-3GHz, /=2GHz,
NRD E 0.1dB 5 BPF
Q 1800 Q 2 > BPE
HFSS 0.
11(b) 2 65GHz 13



Q Qe:Qei:Qeo:36‘84
k45:0.02482, k23:k34: 0.01892

ky=ki=

4.1. 74NV ZEEORE

2 3
L=Ls=4.94mm, L,=L,=4.68mm, Ls=4.78mm, s,=0.60mm,
w.=0.70mm, 5;=0.50mm, w;=0.20mm, s5,=0.60mm, w,=
0.20mm
HFSS

3.3 ADS
5 BPF
14 HFSS

, L1=Ls=4.94mm, L,=L4=4.55mm, Ls=4.41mm, s,=
0.60mm, w,=0.70mm, s;=0.50mm, w;=0.20mm, s5,=0.70

mm, w,=0.15mm

4.2. RIEA VI E
5 BPF 3.4

PTFE
L 0.2mm
5 BPF 25
15(a)
HFSS
fo Af, IL
fo=60.53GHz, Af=2.11GHz, 1.L.=0.54dB
15(b) 3 BPF
2
65GHz
5.
NRD E 60GHz 3 5
[1] T. Yoneyama and S. Nishida, "Nonradiative

dielectric waveguide for millimeter-wave integrated
circuits," [EEE 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, Long Beach, Jun. 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. MTT-46, no.6,
pp.806-810, Jun. 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, Mar. 2000..

[5] Y. Ishikawa, T. Hiratsuka, T. Sonoda and S. Mikami,
"V band planar type dielectric resonator filter
fabricated in ceramic substrate," Proc. 1997 Topical
Symposium on Millimeter Waves, pp.93-96, Jul 1997.

[6] Z. Ma, Y. Takiguchi, H. Suzuki, and Y. Kobayashi,
"Design of two types of millimeter wave filters using
coplanar waveguide structures," 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, Jul 2005.

[8] T. Yoneyama, F. Kuroki, and S. Nishida, "Design of
nonradiative dielectric waveguide filters," [EEE
Trans. Microw. Theory Tech., vol.MTT-32, no.12,
pp.1569-1574, Oct 2001.

[9] F. Kuroki, S. Shinke, T. Yoneyama, and H. Sato,
"Band-widening of ceramic resonator loaded NRD
guide band-pass filter as 60GHz," [IEICE Trans.
Electron., vol.E84-C, no.10, pp.1659-1662, Dec
1984.

[10] , , “NRD

S’ , C-2-101, p134, Mar. 2005.

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

1964.
[12] . ,"30GHz HTS-CPW /4
BPF , SCE2003-7,
MW2003-7, pp.37-42, Apr. 2003.
[13] , , "NRD - H
(C), May.

2006. (to be published)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2006-06-02T12:04:12+0900
	T.Shimizu
	この文書の著者




