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Design of X/Ku band Waveguide Diplexers with H-plane T-junction
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Abstract In this paper, X/Ku band waveguide diplexers with H-plane T-junction for satellite communication
systems is proposed and its characteristics is cinfirmed. Two frequency bands such as X(7.25 ~ 8.4 GHz) and
Ku(12.25 ~ 14.5 GHz) can be separated by the proposed waveguide diplexers. A diplexers is normally including
low pass filter, high pass filter and junction waveguide. To simplify the structure of the proposed diplexers, the
proposed waveguide diplexers is using impedance matching technique on H-plane of the high pass filter without
low pass filter. To wuse vertical and horizontal polarization, the proposed diplexers with orthomode
transducer(OMT) characteristics is also designed. Therefore, it is confirmed that the proposed waveguide
diplexers can be used as dual-band and dual-polarization diplexers for satellite communication feed systems.

Key Words : Diplexers, Dual-band, Dual-polarization, H-plane, T-junction

.M 2 Eohit ol BN ae] el dguele) 54
Mg FA0] A} R AgolA seis) Az
FHEA 2 A0 FHOE B TEE Aol EY 22te] FaAeg ol Fat
o] o] 82 A& F7F FAlolaL, A2 AEEAN il 7)%sS gt
HEo] golste] e o] §H L Ut} o3 2= F Aol o7 thde] g2=alo] 7153k obELbe] Aur
‘Z3)9, whagsta AxpA skt Received: 12 February 2013 / Revised: 12 March 2013 /
“HEd, “HLEHYSH ARpzalal (AR Accepted: 12 April 2013
"3 o—] & LIG YA~9 "Corresponding Author : hkchoi@dankook.ac.kr
A4d=r 2013\—‘_1 2¢ 124, =AL=E 2013 3¢ 12 Dept. of Electronics Engineering, Dankook University, Korea

ARG LA 2013 49 12

- 33 -



ko
[0 ol ox
ro,

u

[
=

R oo
o<
)
i
=
r_ﬁﬁ rir
it
o o
o
(o
t
¥ Mo off
o ofo

2
BN
rir
2
12
o
e
w2
0, il
I
o %0,
rr

>
rir
N
LS
3
TP
RO T O STR

Y
%

e 2 g
(o3

i)

ko
-
o
vl
el
<l
i
ni
o
i
)
o
rlr
ol
=
lo
i
o
il
2 m

w
wvm AR A B2 2

)

B =AM A9EAdEHE AMSHA] i 1Y
%—ﬂ}%ﬁﬂ AA A Eaphs F§ste] tho]EE A <]
gslste] 1L F2E 7Hd3] skt 1 FA4 o]
Atk xﬂ’-‘&ﬁ& tho]FAME X MERx : 725 ~ 1775
GHz, Tx : 79 ~ 84 GHz), Ku WERx : 1225 ~ 1275
GHz, Tx : 14 ~ 145 GHz) S35l 4] wWhALEA 17 dB
o], &AL 07 dB o3 J*o}f% o] FHIHF
2 $HHs) 27 W 3}+7](Orthomode

Transducer : OMT) 5A4& 2= ’%74] EIiA=s

7Fsdh F s

I, B A7

B oA AREEE 2 tho]E A e AuRE
W71 Ao w Qlate] tholZH A9 54491 X/Ku
e 97t 27171 7Hssh, X MEd A= 4
HE7)e] 5491 4 F T 2717} bttt Al
orst  to]Z M= CSTAMY  Microwave  Studio
(V.2010)E o]&3te] EAS Bolag}

4016 cholEdAsl 34 wobel 6 2o
o) Fazole), elel @A 44 2 s w
A7) $19) RS B2 mobo s 4

a3 1, oESaEE 12X
Fig. 1. Geometry of high pass filter
T 2 vhelEYAe $4 Eahuel noE e

O
9 S*parameter(’]‘?} HV\}%@—O— Ku W=(12.25 ~ 145

-

o
1)
)
N
=~
offt
e
ot
flilo
§.°~‘
O
oh
_D' Jﬁ
o ¢
T
o

S-Parameter [dB]

—8—s_, (Vertical)
50 | —A—s_, (Horizontal)

——s,, (Vertical)
-60 - [ ¥y, hotipnial|

Frequency [GHZz]

a3l 2. o|zHOtoM THYSIEE Q| S-parameter
Fig. 2. S—parameter of high pass filter at
dual—-polarization

2. X/Ku HHE TIat CHo|SElA]
7k, ksl crolZ A

col 24 Diplexers) & shte] skl F 7))
59| sptol
gl

ﬂi% %: Al 61 /\ o]‘— lE._/\]}\]/\Eﬂ Z]—

T



2013 48 st=EQIHUYLS

O High-pass
Filter

1 Low-pass
Filter

Port 2

P

ST Port 3
'V(

e

Port 1
a3 3. SNFE ClolEaAe] Jl2 7Y
Fig. 3. Composition of waveguide diplexers

L. ®Qtst Cro|E3A A

a9 4E a9 19 195 4dE A AS9E5 %
dHE AM-SHA| ¥ JFF E3de) Qlud s uf
S o]&ste] Port 3& F7KsF Fxolth Port 32
WR-112(285 % 12.62 mm)E A&}t X W= o

& k] Astd AT =atded A (2" 5

[ez]

l

o Fi2 A FRIT AYste] DAES S
s

a3 4. clo|ZAA 7
Fig. 4. Geometry of diplexers

J3 5, MR 2lX| =o X

. Geometry of ridge waveguide in
T-junction
62

DETEE (L Do} thol Z e (1

(

~

25 ~ 84 GHz)®| WhAREA o] 15 dB ©l8t9S &
o} xS Ku =(1225 ~ 145 GHz) Ak

o=
w0 1o

&
22

- 35 -

o] 20 dB ol3kele BT 5 gk

m

k=7

(IJ:

High pass filter|
—®— Diplexers
Frequency [GHZz]

332 6. DHSUUE} CHO|SHAMQ| HiAEH

Fig. 6. Return loss of high pass filter and

Brofob ol B mx X

diplexers

3. X/Ku HHE O|FHut =ujzt CHo|S A
o

7t Ldt™ol Ry E HE|

rlet
_—
Y
BN
lo

)
=

2 7. EpRE Hsty| 21X
Fig. 7. Geometry of orthomode transducer



IAH T-Hef 28 = X/Ku

e =obEt CHo|SailA o] A7

Ay} A 5w 250 Port 45 X M=) 3 A5
 EH . FHHEI)A Port 4= 4 AA AR
¥} Port 49|14 A5} 2 e dio] 22 Wao|ng 11
ARt A E o] Port 47 A57 E89 A et 5

BATN M= F2 A Tke} W Port 3014 ARE
A o] Port 327 257} FEEx] g Y
9 9= A =vhake] gefr|geln, HH vt
o] Z(W)#} =o|(H), dol(L)& tho] Aol 717
T3 FAEpE A to|EdA ] H5S F9-gitth

N
-

a3 8. 2 =20l ®tst chojZaM 1x
Fig. 8. Geometry of proposed diplexers in this

paper

(Peccacccprcnceqeccncaccccncnccnes

a3 9. MR zute| miztolg
Fig. 9. Parameter of junction waveguide

Ay Tutke] Z(W) Wl whE wkal

3= Yekdck H = 8 mm, L = 10 mm&

W #2167 ~ 197 mm7H4] 1 mm= W3}A]
(e}

M
=)
S

o,
x o

N]O o X
ol
-
£l

o WRAREA S SRlsk Fol ARTE X W=
ZE0] 79 GHz Ho2 ol 53e & 4 L, of
Zo| Mz} 7FAes golst it} HekEL

IH 12 o ¥ Rorp
o

do
r O
s
4
%2
M
—_
]
o
QL
lo,
g
>~
el
b
i
tlo
A
rir
i

-20

s,, [4B]

L ! L
7 8 9 10 11 12 13 14 15

Frequency [GHz]
33 10. (W) Hsjol 2 BAEE (H =8 mm, L =
10 mm)
Fig. 10. Return loss as a function of width(W)
(H=8 mm,L =10 mm)

a7 11 G moheke] ol Make] wE

=
w A SIS Bol7h AoldsE Flo]

s,, [dB]

Frequency [GHZz]

T2 11, S0|(H) Hatoll M2 HAIEA (W = 18.7 mm,
L=10 mm)

Fig. 11. Return loss as a function of high(H)
(W=18.7 mm, L =10 mm)

a9 12

=
)\ET,__/K

AR mojae] ol(L) sl we v

WS YERdTE W =187 mm, H = 8 mm

L #& 8 ~ 11 mm7A] 1 mm= W3pA[Z
o

rh
4
RlooZ qfp

o
ol
=

=N

sfolakgic), dol7k dojd4% X wl

sl g Ku 9 Aol

}_

rH

T

A
=

g]

Inomo kU =

z 2 R
i
>

A}

i
11



2013 48 SHEQIEUILESEASE| =2X| M13H H2=
A3 st B 5 gk 2ol7k 10 mm 2 W, X 217 139} 14 B =Rol A Aokt thol ZelA o] 5
WEGA 17 dB olste] Wk 2tk Aol S350 e S-parameter Solch 57
% sl g WAREA(S, o] AR HkEE
AT 4 AL, Port 29 AAEH(S,) EF vIRE
heled 4= Stk =4 5l A gto] gk Port 37+ 49
_ SRS WS % 5 e, FHATe A4 A
2]
= Ale] s Port 4] A5t 2 8ape] Sdste] majw
(%]
=7} BHAE ] Port 45 21571 28R 841, Port 3ol
HX e A7 2HES 08 5 ik FEdge
A stel SR E Port 30 LAEE7} AAE o] Port
Frequency [GHZz] 3—‘% /1\-]§-7}- é“l E]X] %—1, POIT 4011?_ X 1%__5 {\J§<7}‘
22 12, ZOKL) Hslol D AR (W = 18,7 mm,  ©o e AT F Ak
H = 8 mm) ¥ 19 ¥ 2 AL cholZdA e £ 2 £HA
Fig. 12. Return loss as a function of length(L) shol] et AR B ule) gro] Z2d W 23
(W=18.7 mm, H=8 mm) . . B
Aol theh WAL A el 17 dB olahE W)
o AREAe 07 dB oS wEd,
1. £EHnjolel Clo|ZM A4 Hat
g Table 1. Simulation result of diplexers at
g vertical polarization
g X W= Ku W=
3 (125 ~ 84 GHz) | (1225 ~ 145 GHy)
Rx Tx Rx Tx
HEAREA 172 dB 172 dB 20 dB 177 dB
AeleA 048 dB 048 dB 0.7 dB 0.7 dB
Frequency [GHz] Zes | B7dB | B7dB | 10dB | 10 dB
12 13, $EEoloM motst ClolZaIAM2
. S-parameter . H 2. »-umolMe| clo|ZaN Aot Zat
Fig. 13. S—para.meter of t.he .proposed diplexers Table 2. Simulation result of diplexers at
at vertical polarization horizontal polarization
X = Ku W=
(725 ~ 84 GHz) (1225 ~ 145 GHz)
Rx Tx Rx Tx
= HhALEA] 172 dB 172 dB 20 dB 177 dB
5 A9la | 048 dB | 043dB | 07dB | 07 dB
g Aer | B7dB | B7dB | 10dB | 10dB
&
m. 2 2
Frequency [GHz]
H =TaA]= HAEJNIEHE ALK F] o) ol
2 14, 2HETOIM RIS Clo|Ze) A AHEARAS ARgeh W
S—parameter FHIE AAWE S ddx wjHS o]85t
Fig. 14. S—parameter of the proposed diplexers X(725 ~ 84 GHz) / Ku(12.25 ~ 145 GHz) w=o) A
at horizontal polarization olg FFsaE, X el 2 W ~une BolE 4

- 37 -



S ot clolZaAel A7)

=

Q= AW T-HF ok thel BANE Aekahlr.

41 o
BN oo
i ob
2
[e]
£y
w
g =
¥
3
o3
il Y‘j
:,L)j )
(2 oo Rl
N fo o
e
s =
s
3

>
b
>

2
o
o
& oo
=)
e
)
X
1o
N
»
)
)
=2
Rl
lo rr
1 o B

o
_0|L
sl
o
xp o
ro,
QL
32
k1
2
o
I4
Joy ok | rﬁ
o 9 9
o v o
w2
3

~ o
oo

&

o

ol

© 2

ol
ol
R 3R

foy

-0,

ol

R

kl

o

o,

b

>

Mo

)

=
w2
w o 18

&

o

ox

jsleA

tlo o

©
ol
Z
=2

’

D2 o
>
rir
—_
IS
o
ol
ol
sl
o

o o
r«O
ol
ol
2
)
b
=
v}
o)
=4
w
o
fitl

tho]Z A= X/Ku WME o|ZHA T} o|Fo 9JgEAl
Alzgle] &8 7hsd Aow Ak
a2 S

[1] J. Uher, J. Bornemann, Uwe Rosenberg,
“Waveguide Components for Antenna Feed
Systems : Theory and CAD”, Artech House, 1993

[2] G. Matthaei, L. Young, E. M. T. Jones, “Microwave
Filters, Impedance—Matching Networks, and Coupling

Structures”, Artech House Microwave Library, 1980

[3] N. Marcuvits, “Waveguide Handbook”, P.
Peregrinus on behalf of the institution of Electrical
Engineers, 2009

[4] Tan Hunter, “Theory and Design of Microwave
Filters”, The Institution of Engineering and
Technology, 2006

[5] J.D. Rhodes, R. Levy, “A generalized multiplexer
theory”, IEEE Transactions On Microwave Theory
And Techniques, Vol. MTT-27, No. 2, pp. 9 ~
111, Feb 1979

[6] J. Helszajn, “Ridge Waveguide and Passive
Microwave Components’, The Institution of
Electrical Engineering, 2000

[7] Hui-Wen Yao, Amr E. Abdelmonem, Ji-Fuh Liang,
Xiao—Peng Liang, Kawthar A. Zaki, Alain Martin,
“Wide-Band Waveguide and Ridge Waveguide
T-Junction for Diplexer Applications”, IEEE
Transactions On Microwave Theory And
Techniques, Vol. 41, No. 12, pp. 2166 ~ 2173, 1993

[8] R. Garcia, F. Mayol, Jose M. Montero, A. Culebras,
“Circular Polarization Feed with Dual-Frequency
OMT-Based Turnstile Junction”, IEEE Antennas
and Propagation Magazine, Vol. 53, No. 1, pp. 226
~ 236, Feb 2011

[9] Y. Tao, Z. Shen, G. Liu, “Dual-band Ortho-mode
Transducer With Irregularly Shaped Diaphragm”,
Progress In Electromagnetics Research Letters,
Vol. 27, pp. 1-8, 2011

KRE A0

<2011 29 © wEristal Axgeta)
(&b

<2011 3¢€ ~ 20139 2¢ : w=oigt
el AR getal(Et A

+ 201341 38 ~ A @ sfol ALl
U A7y

<FRAEk oL 2 A

<1996 29 @ gkl AR EAE

s
<1993 29 ¢ gHFistal HAFEAIE

s}al(FHIA])

L2002 290 ¢ gpet ARHEALS
S

S 0024 39 ~ A 1 LIGH29] 54
A7)

<FERRO T SAEA A28 A, ok A7, 93]

olelg L Alg] A

- 38 -



20131 42 SH2QIEYIES

=2X| M13E mM2=

F 8 2(33]9Y)

19799 : sEleta Ak

A

19814 ¢ Stelota A3kt
A
19884 ¢ Stelojta ARkl E st
A
S 19014 39 ~ @A 1 Sk 4
Aot}
200641 74 — 20124 681 - Sk FAA AL
<2010 72 ~ 2012 9€ : depoistul FEt ek
C 1904 19 ~ @A) ¢ 6 alol ] kel AemE

<2012 98 ~ A Eeistal AN A 25
<FHAEoR oY B Az who]a =)=

-39 -




<<
  /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
  /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


