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ABSTRACT

Diplexer is one of core devices needed to communicate with satellite using single
ground antenna by separating uplink and downlink signal. This paper presents the
design of the S-band diplexer for LEO TT&C application, especially for KOMPSAT
(KOrea Multi-Purpose SATellite). To cope with requirements such as high handling
power, low insertion loss, air-cavity resonator with high quality factor was consid-
ered as one of design drivers. Design was started with predicting unloaded Q and
equivalent circuit from the structure of air-cavity resonator. For the convenience of
adjustment, the coupling factor placed between resonators was estimated from COTS
EM (Electro-Magnetic) simulator, EESOF ADS™, and expressed with 2-order poly-
nomial regression. To improve the isolation between transmitting part (Tx) and
receiving part (Rx), the inductive and capacitive attenuation poles were inserted be-

tween 4*" and 6™ resonator respectively. The fabricated diplexer consists of two
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£ 1. 5-09 tpol £ A9 F8 A

% A T Al
F3tg {19 2025 ~ 2110MHz 2200 ~ 2290MHz
494 0.5dB 0.5dB
E94d9 g|& 0.3dB 0.3dB
WAL 20dB (minimum) 20dB (minimum)
qg= 100dB (minimum)  100dB (minimum)
=4 AY 30W (maximum) Not Applicable

bandpass filters and each filter has eight resonants. From the measurement, it was
shown that major requirements such as 0.5dB of insertion loss, 20dB of return loss

and 100dB of isolation were fully satisfied within passband.

Keywords: diplexer, KOMPSAT, TT&C, operation

HEES AAE A 7BS A4L B 5719 ASE AHA 940 $AY 25 Avie 2
ZHANE 01§35t S8 HloEE NFoE A, AL Hel T AHEL o8 A
A7) 2 A, AQ R B4 24 59 Tdd S50 FEAT Utk ol AAE A4 BA
£ 93 5.9 FA5E o8 3e] Aoz A4BHL WAL AYL2RH A4 dolH S
FAA ATk G 7] o) FE ol getel A4 ASRHE A/ A GFAY FHL
oA ek ol AATAE AN 7129 HPAHIA 2PN TEG2) 4 A5 0]
FF 54 ATE YA AS Tl AN 2N Eokde] Fulk 2 AEH Ak AT o))
o YA 2H Ao o4 L HABS SAAA PPl gt £F FHUE BT A
Fe 4ol th= 854 sl A7 =gk

Y02 S3t@ ThlFANE Fbol Wules] 2717 AR UTh HEAA FEAFL
2/ w29 VertexA+2) S-tf & tho] S 2 4(108900-01)& 7] 213.36 x 18.36 x 5.87cm’o|th. &
FBAA LD A9 hol EAA L dElhe] whabgel $2w o] X Hojo} Sug E3tB FE
ol S92 £33 D A3 chelEGA Aol BesA Hck E 12 S AA
ASEE Tl M) T2 AHFE B Holth

ChIE M E kel SHElLHE o §3te] $AH £412 Al £HE F0o B2 H FA ol
% 7hel SYAY AL ol 8ot £} 2ANBE A5V YES BYAAE dBL B
.

ol EHAE TG A2 ik AT d, FAZAAE A4 Fehel o]z} o) w1
I AR FAH DR FH = A TRtk £ATY FLEAE T4 Aste] B3 o
Juie] 4 AL HaBsT oY 9o ATo] PAAL B AT S4E ZES stolof At} @
2, AL A0 B2 4537 9ol 5 Ade) 457} SA vl olwol® A B
Qoll 2@ oA5r1e) 4% A5E 7] el R Ao e AT



DESIGN AND FAB OF S-BAND DIPLEXER FOR LEO TT&C 399

C,T
T

: Comlm:tor

|||—

¥ 1. Air Cavity 33719 72 9 5713 =2,

£ 10 Yehd 2745 £oagee) tho) BAMol AL W@ A FHo| Sol 8 v 23 #A|
ANade A2 B0z 3 tho|EAAE 2B 0| WA 2 unloaded QF 2= ZTA7|E A28k
Bk o ERAAE & 1A ehd 45 WEH AoA aircavity 37718 g 3Hel 44 LA
42 £ Wgol 4450 Yok,

*é?#l"ﬂ FA air-cavity F719] T2l - 54 Y529 unloaded Q) A R 5713
2E T8 37719 2718 AHEA) ol 3o St AABA L2 ALY A% 2 FALS
AP o]EFT A5 27 A comblineFEI=H stHe] 2A7E ZAH £, 54 AF7E
A7 4ARGT. B3] 420l 248 Mo EREOE A T 5 Yt K= TATE 54
Zo) AASHAT HEH G GHE TA T 5 At S FAFE £4 Fo) FABoEA =
£ BYEE 252 S0k 4% A48 T oisrle 94 Aol Y ol=mHAg Ha
3}eHs L ol 83t ATt AERA o2 AAH tho]Z Ao i 3] = B4 7)(Network
Analyzer)& o148 23478 B9 £ 19 RE 27450 BEHEAE AsqTh

2. Air Cavity Z27%17|

33 19 o] =FoA AR E air cavityBEi S 23 7) +2E Vet YRS 9 R w3
7k lem I Apolo F717F e At AL AT vF Feh 2N AA Y 2Al= TEM(Transverse
Electro Magnetic) 258 §48th ANA DA Cs AAe] 74 (s) 22 RE] AAH =Yl o] 2
& ZAHW 2/ BN FAEE WA Bk

Unloaded Q& 7] Yol Al B4 E €45 T47)71 20 1A she] ¥ hehd Aoz
A ke A3 2k

DInD/d
unloadea — ].
Qunloaded = 1215X10\/f7‘ i+D/d (1)

A7 NN fr& F2719 FRA Fo5oln] D dE 1 19 VEbd A E T/ 943 W
AFelth o] %9 32719 e TEA B FH} FARERE 54 dfdLE UEH 2

o},

%:mm% (2)



400 AHN & PARK

3500 S
-
d>. 2500 / \
¢ <«
: ol [ AN
g 2000, :
4 |
% 1500} / , \
S / \\
X 1000 i
£ :
2 \
5 . \
S 500 i T
OI -
6 25 50 75 100 125 150 175 200 225 250 275 300
Zo, ohms
% 2. Unloaded Q& SAGH 29 &A.
2+~1.00 £=L; L1
+
efs) =~ &=C T~ &8~C: R ge2 g ] Buvt

2% 3. T8 AQED =29 ARy,

Al (1)} 4] (2)°ll )3 Unloaded Q¢ 54 dHdote] BAE epdd 19 29 2k Un-
loaded Q+= E4 LA A7) 750 2 A 713 & g JEhlE AE 8 5 Utk

E4 994927 75Q9 wf 4 (2)e] &5 D/dY) # 350l2 FAY AEL 23mmE 7P 5
 unloaded Q+ 9F 9,451 2 A& Hch

3. 844
E 1914 A thol 8 X9 AHFE BEFH7] A8 5o AAAE B G A 2l S0l
EA3A T ¢ 58 cut-off 54-& Ve chebyshevd -2 A-8315th oo uhe} 2¥ 39 )
et A F3 71 2P el (low pass prototype)d] AFE 4l (3)~(9)& ©]&3te] 42 Fof St
ANM HFEFHe T4 et g F37)9 o] & FA7E o 2FA457F 28 322 dY
34 th(Matthaei, Young, & Jones 1964).

) g

~y=sinh (5—;) 4)

(2162;111)7‘-] for k=1,2,..n (5)

ap = sin [



DESIGN AND FAB OF S-BAND DIPLEXER FOR LEO TT&C 401

El

2. T-8 A3 712969 A=

Elements  Values

9, 1.1897
9o 1.4346
95 2.1199
A 1.6010
95 2.1699
96 1.5640
97 1.9444
9 0.8778
9o 1.3554
Fg Lr; Cr:
oo
¥
«s) Cry Lr; Cr, Lr, r;

by = ~° + sin’ [k—ﬂ] for k=1,2,..n (6)
n
g1 = %i, gk = dap-rak for k=1,2,..n (7
¥ br_19k—1
gnt1 = 1.00 for n = odd (8)
gna1 = cot h? (%) for n = even 9)

A7l ne 27 BRI AL E UH L, r,, & FHAS ol A 2l
719 At et 2 AL Bal oiRedl ATt gold W Augos
AR AFAS A dsrh Byt

cosh™! 1054 1
0 (10)
cosh~1(Af,)

A7l A L(fe)& Tx Aol Rxel FAFH5o14) 24%E el L RxQ 3$ol & Tx)
ZAZT5o A S VEbdTE B3 Af S AFE A dSES vebiin 2 A Y Fod
o,

2| fec — fol

Afn = T (11)
AR AR AN IS Zeste ERgde) 2 &2 0.1dB, £ E4& 120dBe 3 7HAE &
Al 23 A 2o g 7HE TA7)Y £ Zh7 7817 7.992 4 8¢ho] H 1 39 AFEE
#3td & 29} 2o
S-tgel A A EHRE 2 7S JeR 7] i E 2™ 4o AAF g, % g, & AT
m2 A A4 A 282 WEsty, ¥ A5 ¥ FAINE ASEA FAAA HE)



402 AHN & PARK

0 0O

+

efs) Joo || jBa] | || jBa JBo| Mt ”
Q0O

a9 5. 24¥Ee 3372 P AFH dE.

3. A8As 9 23 AAAEL

n Tx Rx
kn,n+1 Chnint1 kn,n+1 Cnon+1
1 0.03147 1.3991 0.03069 1.8694
2 0.02357 1.0481 0.02299 1.4004
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7 0.03147 1.3991 0.03069 1.8693

YA AYA FY FA/ EAF ] TS0 Yrke o] A ThE 729 3R/ LR
oM 78o] oy B,

¢

Air cavity 327)% A8 R2 BE 2+ 32 329 Feo|BE 1 5AAY JANEE A
$3el o] ERANE $AW 729 T2 7AW A5} AstAY P2 nSA
J-ARENA JE FUAE 2 AololA AR A3 SHE e SAS =AM A4 A

2o oemEHAE VEIH AozH EAD del= 19 631 2ot
FRA7) Arolo] 2R st AATE A" 712 71(8)< Jol 23 30 A th(Puglia 2000).
Ji it 12
5 (12)
ol MAEA 7| &7 = oS3 22 4oz dojArt

ki1 =

B = (Ya1/2) - [0/ sin® (8o) + 1/ tan(6o)] (13)

A7) Yar 2 4 (204 Lol oJEm "2l T o2 B AL FAFsFAA 3779 do]
E Vet Je & 20 el AT ESERE 02 HE QoA

Jiigilizi,n-1 = Afn '5/(gigi+1)1/2 (14)
2 (12)8] dgPA+=RE 28 AAEAE o2 E £ Ach
Ciiv1/€li=t,n—1 = 376.7/\/7 - B - ki,it1 (15)

A7)NA e F719 RARE UBIL e, & M FHES Yed o2 7)o AL 1o/t &
ot QAL AF ARARL el 4] (12)~(15)8 o]83te] 4F R AHE Uepyoich.



DESIGN AND FAB OF S-BAND DIPLEXER FOR LEO TT&C 403

=S =5

C a O G o}
Ym s 4 J YL
Y, Y,
O_
e [0'0) O
Yo =J/Y,, P
J=Yotan) 2!

Phase shift =+/- /2 # =-arctan (2Be/Yo)

Y6 JAE F4.

)
i
&
3
<
)

o)
o
7T
D
N
pAl
g
O3F
3
&
b
g

\1J|

Port#l Porti#l

N / G / &
[ 4| e} O

|t}—
&
& S
g
S
¥

-

Yper=VoCos Yper=VsCoz

297 29 F AL A7) A S 2.

Combline2] Bel2 WA 3729 dutr)o 3 S73 28 7317 Y3l 4 T4 &
A7 A2 AuH ol A Aol F S5 28 TesHAT A 29 19 ehd 2719 5
ez e RE ohedY teol At

3% 790A Cgi, Cpas FA7Y A7) AAAE2E vebd 2oz thg3 ZthMatthaei,
Young, & Jones 1964).

Cy1/e = 376.7/\/r - (Ya1 ~ y12) (16)
Cyi/eli=2,n-1 = 376.7/\/Er(Ya1 — Yi-1,i — Yi,i+1) (17)
Cyn/e =376.7/\/er - (Yar —yn-1,n) (18)

A71NA g i1 J-AHE Y oj=mE2oln g3 2t}
Yiiti=1, N1 = Ji,i+1 - tan(bo) (19)

FA71% A A Abole] AAA R O tha3t 2T
1

Cs =Ya1- m (20)

o PR FHL HA o] ERAAE 271 F BVl A3l we v

CEREREE!
g, 28 9 B9 W2 220 W Wo) AFsE $AS AW 5ATHCaspi

=9
HEvlEo s o, €9

OJ



404 AHN & PARK

(a) $412 o457 73z

a9 8 &5
0
50—
)
2 -100
X
p >
o -150 %‘VV ,,,,
Ll e
~200
v
250 —rrrryrrr T T T T T T T
196 2.01 206 211 216 221 226 231 236
Frequency [GHz]
IY9. HEA 2ATZ 4B 54 W - B2
o

AL 49, -89.6dB @ 2200MHz, 0: L=10nH, —
95.8dB @ 2200MHz, v: L=20nH, -116.7dB @
2200MHz

(b) $412 oj5}719 S48 =
A& A3t 57 =,

(1]
-50 %
)
= 100
¥
u -150
4]
200 o ¢
w
_250 ~ T T e T T T T T T T T
196 2.01 206 211 216 221 226 231 236
Frequency [GHz)
2" 10, 834 730 9 =4 W -

2ol & A%, -92.9dB @ 2090MHz, O
C=0.6pF, —96.318dB @ 2090MHz, v: C=0.3pF, —
101.978dB @ 2090MHz

& Adelman 1998). Y83} 239 o] 9= 4 (21)3 (22)& 3 7k
& = sin~! {[YalAfn(cos Bo sin By + 69) /29,9, YA]I/z} (21)
dyy1 = sin? {[YalAfn (cos 8o sin B + 90)/2gNgN+1YA]1/2} (22)

AZ1AA Yae 487 299 54 oj=ujdag Uehdle 202 5009 391 0.0200]th
1d 82 4 (12)~(22)2 R E 428 FER o] 7oA Tx% Rx o579 S/ 2E Ued A
olth. o) ERIME R 542 o)y A 218 89 S =] gAFe A4YNATE T
H=2 Sl w2} 7 =4 (inductive) H § F4 (capacitive) 0 2 F R 24 3L AF A

Athde] g okl Zol ush 2A tu §FHe] Fole okl E A A FHE 2A e

F 77 LtH(Thomas 2003).
a9 9=

4. Mzt U FY

SN2 4N S} 6 R ZRA 7o & 4
°li 1Y 102 SAFY 4R} 6 Ao £HA FATE AYAE W HE U

4 FNTE AAste] ALSHY B et
J 7

o

UM AAE o578 48 CAD(Computer Added Design) AZ E o] & o] &3e] 7|7 =9 L



DESIGN AND FAB OF S-BAND DIPLEXER FOR LEO TT&C 405

Conductor

a9 11, 2dgAS 238 A% AlEdolA.

Screw length S(Kc)

0022 0024 002 0028 0030 0532 0.034
Coupling (Kc)

29 12. @A B 24 AR Dol 29 13. AFE S-H Y tholEdA.

e & AR AFYAE T8 ARG AR 7)1 FEY divie @A RvES A
J& SUM241¢1 2 AHgatich 2371 e B2 A3 o] 10mmo| T3 F3h¢9}
%"Jﬂ% Zte] AgA sl dt nAZE A o] Lol S PR RN 24 VAHE A A
A A dol: A Bl # 32 APATE BESEE AR ok st ojH e 2ol E A
'5'}7] A& o] =BoNME 17 122 A B AL £3F YD FAHY FATIA AL Zo)
€ 2AAAN & AFATE 239
FR7] Atole) AFASTE 2E37] & A (23)F 2)AE Aoz wdE F A2 I3
3 ALGEA S 78 35lY i Matthaet, Young, & Jones 1964).

£

(1+7:M£Lm gdgd) (1+Q 4 d) Q2
L(f) _ 2KeQenternal external

) ) (1)

(23)

¢ fo

fa—fa)2 ( 1 1 ) 1 1
Ko = =) + + , K. > + 24
° \/( fO Qezternal Qunloaded Qezternal Qunloaded ( )

AT NA Qeaternar® A% AAH QL W} £4FE A% ZY5 5 A% v g vebd 2
0%, Kot AUAS, £k L7 A% 5 We) T34, £ fie 22 L()7 A7 2 A9 ol




406 AHN & PARK

M1 M3
Frequency = 2.053GHz Frequency = 2.200GHz
Measured S21 = -0.252dB Mecasured S21 = -0.464dB
Mt M2 Mz M4
Frequescy = 2.036GHz Frequeacy = 2.275GHz Frequeney = 2.110GHz Frequency = 2.280GHz
° Measured S11 =-21.951d8 Measured S11 =-20.339d8B o0 Measured 521 = -0.417dB Measured $21 = -8.2964B
1 ' 85
-10-] v 3 M
1 M2 F .
E -20 - s -1.54
= 4 ¥ -2.0—
a
b 30 ; 25-]
=< 1 -3.0—
0] B
50 o e 4.0
4.5
e T T B o e e
196 201 206 211 236 22f 226 231 236 196 201 2086 211 216 221 226 231 2.36
Frequency {GHz] Frequency [GHz|
(a) MAHEA B4 (b) A2 54

29 14 3AE ol BYAS WA £4 B4 AT B4,

P&l SZL Log Wag 15,0008 Ret 0.000d8 [RT] Vil 521 Log Wag 15.00d5/ Raf 0.000d8 (RT]
15.CC 15.00

(a) 4% Al 54 | (b) $43 A2l =4
a9 15, S0 hol B &, $41% A2 4.

&3 A% Fukgolnh AlEg o] AE 17 11904 vebd 2AUALY Z o€ lmmolA 0.5mme
G ZE 16mm7HA] WA w JElus AEAS) WIge 248w 2 438 19 129
VR St

E 39 ZEASTE 29 1291 JERE 23 04 o] dH3o] FR3 2A YA dolE Aol
U $459 Ao ALY Dol "M 75 AR T FAS gEas do) HAE A
oluts A& HAsALT olE HEF] AAAM AP FA7] Alole AFF R s5mme] HoE 4
Yot o] wf 2A VALY Dol & 6.5mmE 3T

1% 132 AFE thol M9 AAS Yehd Aotk AA 27)7} 27.8 x 18.3 x 3.5cm®* A 4
FHAAAN 2L el HhAbge] R 2bo) 7153 gt gt
3% 14°0& 327 £47](Network Analyzer)E ©]-83to] AZE S-thg tho]ZH A9 WS
ALEEAS 533 Zolth 18 14aolAd & 5 =0l F ot viAlecAL T o



DESIGN AND FAB OF S-BAND DIPLEXER FOR LEO TT&C 407

E4 S0 ol B2 27 23t

QP ALSF ENEREN FAE Az Pass/Fail
44 0.5dB 0.417dB (minimum)  0.464dB (min.) Pass

2399 g% 0.3dB 0.165dB 0.168dB Pass
ThAREA 20dB (min.) 21.951dB (min.) 20.339dB (min.) Pass
=R 100dB (min.) 105dB (min.) 105dB (min.) Pass

A= 2.036GHzol Al 21.951dBE UERH Wb of] =41 20 A& 2.275GHz ol A 20.339dBE vHebd A
< &4 7 Y FW 2 14b9] AT GFE HAT FAZ] A Hao A4S B
5 0.5dB] @Sl A= Ao} FAH Tt B3t TR G M g Zel A As $AT FASAA
0.3dB °JHEH &A=t}

g 159 = E}Oléa‘ﬁi-ﬂ $AE2F A2 248 FeE5AAE YERd Aojth 17 15a9)
A el R o] $41F A EAL A FAY G EF 105dB 03t dS & 5 Ut A=A A
E3HAQA 2. 256GHz2]— 2.2716GHz o A Z+Z+ 116.45dBS} 119.97dB2 L}eh o 0.5dB2] A d+4
2 FAS ZlAsEelr 247 115.95dB2} 119.47dBS] AE EAL Yo wel & 12] 100dBo
g 2 FARE BHESE AS 2HAT 5+ Ao

1 15be} Al MA Y A5 A5 F2 A 105dB oL S & 5 Ak l2A,
£ 4 F3t) 9 2 2.03764GHz, 2.0407GHz, 18] 1 2.0917GHzoll 4 z+z} 123.68dB, 126.47dB, 212 1
118.55dBE EMY o] 0.5dB2] 4 Ud<AS A A4$ 27t 123.18dB, 125.97dB, 22|32 118.05dB
9 A7 AL Ui+ AL U & vk & 4ol= ALE S-v Y thelEd Mg 24 A
F 19 AR BnEsEA ] ois) A= Aol

T8 Ao g e HA 0We NITE $AZ0) J8E T 28ATY A lr‘;—:— %717J°ﬂ 4
H & FAL W AYEde o3 dF o] Yedonz o)z RE
t}.

A
T
3

29BN 2o F2E7) 98 7122 AU~ AFLEE SR tho] 2
ARt £23HE air cavity A7 E 04T T2 4 FHY oS E Hu}—s}ﬁq Auto] oF
A 7129 S-Uld PABA Lo AREH = T}

% $ARY NEY NEH S5 Hx SAYH L7 XS AL L AISHE T
datd Ao FA A5 E HEHAh T35 ERAA 425 AN FEAN B34 2HF
& o183 AR T 3V 2HL AT 2HYAE TASAD L] 2olol B2 FAAE A

o9 ARATE ARS8 BAF A Eel olE]
AL 249 o3t E 74 gom B
o) AAEA, 29T T B LIRS
452 A3 s



408 AHN & PARK

11

{28

Caspi, S. & Adelman, J. 1988, IEEE Transactions on Microwave Theory and Techniques, 36, 759

Matthaei, G. L., Young, L., & Jones, E. M. T. 1964, Microwave Filters, Impedance-matching
Networks and Coupling Structures (New York: McGraw-Hill)

Puglia, K. V. 2000, Microwave Journal, 43(12), 22

Thomas, B. J. 2003, IEEE Transactions on Microwave Theory and Techniques, 51, 1368



