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Design of RF Supporting Unit for COMS RF Compatibility Test
Durk-Jong Park*, Chun-Woo Park*, Sang-Il Ahn***

Abstract

As determined single coaxial cable for the interface between satellite and ground station in
COMS RF compatibility test, RF supporting unit was required to allow signals in different
frequency-band to be exchanged in the single coaxal cable. In addition, the path loss between
satellite and ground station in normal operation should be simulated through two RF supporting
units connected to the ends of single coaxial cable. As an effort to design RF supporting umit,
level diagram was firstly conducted on the basis of measured data for each element. From the
level diagram, it was found that single coaxial cable connected with two RF supporting units
propetly represented the path loss between satellite and ground station. After RF supporting unit
was integrated on aluminum plate, it was tested that input signal level at each test cap linked
with MODCS and TC&R was tunable within the required dynamic range. RF supporting unit,
now completely integrated, will be applied in the upcoming COMS RF compatibility test.
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2.1 Unit-Level Test
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2.1.1 Triplexer
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O 2. MEE triplexere] /¥

AZE triplexerdl & 7 portl A9 A% 2Y
H#yS &olstA 371 $3 20dBc¥ coupling
port7k T@ 0 ot
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- J1 (1670~1710MHz): L-t} SD

- J2 (2025~2110MHz): S-t1 % LRIT/HRIT,
s-tl¥ TC/RNG

- J3 (2200~2290MHz): S-th % TM/RNG
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Test Frequency| Insertion Loss
[MHg] [dB]
1670 -0.24
o o 1710 -0.21
SOC;JH]R ;Z] [ 2037.64 024
° 2040.9 -0.24
Triplexer 2091.765 -0.35
2716 -0.17
1670 -0.22
o o 1710 -0.25
AIT;;HI:;XH 2037.64 -0.24
_ 2040.9 -0.24
Triplexer 2091.765 0.37
2716 -0.16
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E 2 COTS Isolatore] z=xtsk/ddbskol| A 2]

Mol
Test Frequency: 1687MHz
Input Power | Insertion Loss

[dBm] [dB]
40 -0.24
39 -0.24
§ 38 -0.24

2~} 3}
e 37 0.24
36 -0.24
35 -0.24
40 -33.22
39 -33.29
} 38 -33.38

& H} &k
tee 37 -33.40
36 -33.34
35 -33.25

2.1.5 Attenuator
a9 4= Y 110dB7HA]  1dBEYE

attenuationg ZAg F Y& "9 JFWALY
tunable attenuator?] &g ehd Aot}

L 63.5mm J
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sensitivityS FAHY o 9449 input dynamic
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RFEEA AgA A1EE @d 55 HA=2e

A A% AITEFH SOCY 137]E o&a]ur NES
W7hA % 1kmol diF FEEo] Slth ® 32
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g Aol
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Test Frequency [MHz] Cable Loss [dB]
1687 77.68
1692.14 78.05
1695.4 78.35
2037.64 87.61
2040.9 87.47
2091.765 88.67
2271.6 92.89

2.3 Level Diagram

FHRE 349 23s ‘;}é 5 g9 &
A& wgstd z+ Js5Ee AEd
diagrame F#33th RFEE8A Al@AX = 5
2171¢] sensitivity¥ 5k olvjg} ¢4 B AT E
ZRH dolHE Adste Ao £FEH] &
S 2 Eb/Nod H#A% o] W=} RFE$
B ARANE A4 AT dEUE AHESt
7 7] e Aol A4 A=t

o A2&de Uehiy) ANAE et 2ol
A4 AGT e oSS B Fojob
sk

- Path Loss in Normarl Operation (Pn):
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COMS RFz2d Algls 218t REAIHE &H|ol A % AIA

Received Power = Transmitted Power + MODCSS] L-thed  test capollAdl EHOZR
Transmitting Antenna Gain - Path Loss (Px) + 40.24dBmS  7}48ds ®  HEHo=
Receiving Antenna Gain MODEM/BB®] f#Al7]= -2844dBmO. & 4

= At MODEM/ BB AGC(Auto-Gain

- Path Loss in RF Compatibility Test (Pcp): Control)8 ¢]7}  -5dBmell A -95dBm7}A| & =

Received Power = Transmitted Power - Path 4135 QlAst=d A7l fI& ez Add
Loss (Pcr) tt.  MODEM/BB®  &e|x  Eb/Not

implementation loss& X &3sHA L o=

Path Loss (Pcp) = Path Loss (Pn) - ASTRIUMS A4 ZFgo] Sle 15.73dBS
Transmitting  Antenna  Gain - Receiving fAtgH A& Flstdch. AZEHA  oisiA
Antenna Gain ASTRIUM®] 188.92dBoI A L-th & A4 RtE| L o]
502 157dBS} A= AElL o] 5o 443dB
B AL 12892dB7F HUh ol B 49 AR

- oA =
231 -t SD EA (P2t MEE W 12248 Aol7t UL S
# 4= L% sDol tdt level diagrame Y & 4= itk o]gjd ol RFAY w7l 2¥
Ehd Aot g Tl dA Y 5 d=29 ddd Fl

tunable attenuator® %3 £HE 4 Ut
E 4 -ty SDoll st level diagram

sD | sD
on s o] e e 232 S-ti = LRIT/HRIT
MPM Ouput Power 4299 dBm ¥ 5= Sij9d LRIT / HRITo] th3t level
: Kol
Mapes On-board Loss -2.55 : dB | 40.44 @ 150 dlagram = 1/}5}"’“ 7_] O] q’
L Tra"smissio" Loss 600 ap | 4024 1496 MODEM/BB‘O’] %a & -30dBmo.Z ]’ = U‘H
[ rest ooy 530 @@ | 2458 1817 94 MODCSS] S-H9 test capoll A9 4E A
Isolator 024 dB| 3470 1414 71 LRITS} HRITe] tia) Z+=z+ -51.61dBm,
un;{p}gﬁ?ﬁm «0.22 . dB | 34.48 -141.2 —52.05dBm°] E]*E‘ Zig_i vt_"@] Q Sfi‘:}‘ Tunable
o ‘ = olay onl Z7LEk 2=
(iﬁt Ls%ss) 77.68 dB | 43.20 ' 62.9 attenuators O] 0}0:1 attenuation= 7]’ & T
Triplexer Loss : )J\’ﬁ‘.g.i lnput dynamlc I‘angeoﬂ EH ,8‘?_/\}’6&}’
Path Loss 1|npuz;c;\g§;r:?oul‘ <0.24 dB | 4344 62.6 % ‘l' ?)_1_ '}f‘ O] 0 74 o o= J—]";]'Qq- ﬁiﬁ:/\] Oﬂ
P = able Loss
1:(30(.:;‘)”3 1Trip§;§£\:j£::|;able .00 - dB | 4444 616 EH 8}] /H = PnoZ 190. 62dBS Eﬂ o]—U% 15. 5dB,]
Tunable Attenuator © «2.00 * dB | -46.44 | 59.6 ‘1’] }\é 11— Eﬂb} ]':v“‘/} 45dB"] Z] /51'% ?l'Eﬂ ‘4’ O]'—T
Cable Loss £ ®BAEPE 130.12dB7F ®th I YA test

{Tunable Attenuator to

L-Band DL Coupling 345 dB | 4990 562

cap9 coupling factor§l 20dB%} input dynamic

Port}

L-Band EL Coupling 40,00 ' dB | -89.90 | 16.2 range o4 -52dBmE 9F7] ) 17dBe] F
LNA Gain 5520 dB | -3470 154 M gas mAdm HIew 93.12dBT]—
Cable Loss 302 a8 | -3772 154 Q q ] £ % 5-4 Pcpgjr H _U_a]' WH 0. 87ng X}‘

{LNA Output to D/C}

o7} 9ot REXY AHle ©wd F= Mz

DIC Gain 24.28 dB 1-13.44 154 _
DATS : : HAA3E g ol 1 tunable attenuator® ZARA Z
3dB Divider 3.00  dB | -10.44 154 2~ 010
‘ T om= 7)\ 2% E]’
SAW Filter Loss -18.00 dB | -28.44 154

MODEM/BB Input

-28.44 dB
Power
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gESF/lE M Rz

E 5 S-tHY LRIT/HRITO c#t level diagram

HRIT ~ HRIT
hem LRIT | HRIT : Unit | Level Eb/No
[dBm] - [dB]
MODEM/BE Output 30,69 -30.00 dBm
SR PQWQ( P .
“Cable Loss
{MODEM/BB to 0.16 . 0.15  dB |-30.15 90.5
__ Switchover Unit)

Insertion Loss of
MODEM/BB Switchover : -3.65 ' -3.71 dB | -33.86 74.7
Unit
Cable Loss :
DATS (Switchover Unit to UC) -0.10 | -0.08 ' dB |-33.94 : 74.5
Primary UC Gain 16.01 1596 : dB | -17.98 @ 52.3
Cable Loss ;
(UC to SSPA) -3.67 | -3.89  dB |-21.87 : 52.3
1kW SSPA Gain 64.40 1 64.40 . dB | 42.53 ° 52.2
Insertion Loss of OMUX  -0.40 - 0.40 ~ dB | 4213 522
Cable Loss
{OMUX to S-BandUL : -4.79 | -1.78 - dB | 40.34 - 52.2

e GRURIOL)
[T Coupling Factor of S-
Band UL Coupler -47.56 -47.56. dB | -7.22 : 52.2
Cable Loss o
{S-Band UL Couplerto | .23 | 4.23 - dB | -11.45 ; 52.2
Tunable }
Tunable Attenuator | -10.00 -10.00 . dB | -21.45 : 52.2
Cable Loss .
{Tunable Attenuatorto ' -1.00  -1.00 . dB | .2245  52.2
Drive Amplifier)
Drive Amplifiert Gain : 43.30  43.30 dB | 20.85 = 52.2
Cable Loss '
{Drive Amplifier to -0.10 1 0.10 dB | 20.75 52.2
Path Loss Isolator) e
(PCP) - isolator -0.22 . 0.30 dB 2045 - 52.2
Cable Loss
92.25dB || gsotator o Trplexer | 010 010 B | 2035 522
Triplexer Loss
{input Power: about : -0.24 ' 0.24 dB | 20.12 : 52.2
... 20.35dBm) . R
Cable Loss (AIT o
soc) -87.61: 8747 dg i -(i‘l.f&ﬁww 3?.9 ]

Triplexer Loss
{input Power: about- | -0.24 | -0.24 dB | -67.60 : 38.6

67.36dBm)
Drive Amplifier2 Gain | 26.10 . 2590 dB | 41.70 | 38.6
3dB Divider 421 421 dB | 4591 386

Cable Loss
{3dB Dividerto Test -6.14 | -6.14  dB | -52.05 | 38.5

X 1) E— S —
MODCS [ [ Test Cap input Power  -51.61 . -52.05 dBm

233 S-ti TC

¥ 62 S TCo th¥ level diagrame o}
Ehd Aojt}.

MODEM/BBY] %2 -1980dBE 3}gS u
73 TC&RY receiverd| Al YEEE A3 9 A
7l -10781dBmo] HE & ¢ 4 Utk o)y
o 48 Az Mrle Az vug go)

gHAl 37] $18l ASTRIUMS] ¥ 3 R24e] g

21%9) -137.4dBWSF F-AKSHAl & Aot}
ASTRIUMS| #= EA49 A=2dHEd, Py

191.6dBo|v} 54dBe] 944 <telu o] 57 54dB

9] A on-board &4, 181
oLt
Ho}.

46.2dB9] A|4t=
o5& RHASH FHEFo=z 1454dB7}

T 6 S-tHe TColl cHst level diagram

T TC
Unit [Level ;Eb/No
[dBm]| [dBj

tem TC

TTC l MODEM/BB Output Power | -19.80 | dBm
Coupﬁng Factor of 5~ -
Band UL Coupler 47.56 | dB |-1.21]101.2

Cable Loss
{S-Band UL Coupler to -4.23 dB | -5.44 1101.2
Attenuator)
Tunable Attenuator -60.00 | dB | 654 76
Cable Loss
{Tunable Attenuator to -1.00 dB {664 75
Amp1}
Amplifiert Gain 4360 | dB |-22.8: 60
Cable Loss
__(Attenuator to Isolator) 010 | dB |-228 &0
Isolator 0.22 dB |-23.2; 60

Cable Loss 0.10 | dB |-23.3] 60

Path Loss Triplexer Loss
P = {Input Power: about - «0.35 dB {236 60
(Pce) 23.26dBm)
145.05dB | | cable Loss (AIT to SOC) | -88.67 | dB | -112 | 29.2
Triplexer Loss
{input Power: about - -0,37 dB { 113 288
112.28dBmy)
Amplifier2 Gain 25.70 dB { 87 | 27.6
3dB Divider -4.30 dB | -91.3 | 27.6
Cable Loss

(3dB Divider to Diplexer) | 00 | dB 1923/ 27.6

Diplexer Loss
{iInput Power: about - -0.31 dB | -92.6; 27.6
92.3dBm)
Cable Loss
| {Diplexer to Test Cap)
Transmission Loss
{S-Band Ant+Test Cap} | -8.11 dB | -108 ; 26.7
& On-Board Loss
Received Input Power

-6.14 dB |.987 27.5

TC&R

-107.81 | dBm

oJAL X 6o Y& AL, Pepdt HlmEHH
035dB2 TS FARE A ¢ 4 AT A
dd 5 AHZE9 dFE  Hd
attenuator?] ZAHo g R} ARG F
Aoz wetEh

tunable

e

234 S-0i9 T™

E 72 Sty ™M W&t level diagramg Ut}
ERd Zlojth

TC&RS &9 459 A7]E 3840dBmo.E
489S W #E MODEM/BBoA e A
3 Al7]E -56.72dBmo] HE Ao g EA )
Eb/No¢] ZWolA modulation loss¥ i3 3}%

o 173dBEX ASTRIUMS #HIEAATHQ
155dB%} 1.8dBel o)zl oy a1 o
ASTRIUM ] EAX o4+ transmitterd] &3 A7)
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Y89 on-board loss &

£ 37dBE
transmission loss%¥-%-2 10.7dBZ 7} A& H oy
AR level diagramollX& AITAA =43 AMgh
& Wrdste oF 215dBTHE 8 AV1E 2A
7] WFEolty mepr FYS transmitter]
g AZIs 73R ASTRIUMS Ao
0.35dB¢] ztol2 dAs= A& € F Utk
24 disiA e 46.8dBY] AT e o] F
< IS ASTRIUMYIA S 279 03dBE
dAEE AE ¢ 5 Ak

ont X M o

E 7St TMoll tHst level diagram

™ ™
ftem TM Unit| Level .Eb/No
; [dBm] _ IdB1 |
Transmitter Output 3840 dBm
Power
TC&R On-board Loss &
Transmission Loss | -9.95 | dB | 28.45 1644
. + }
Cable Loss
{Test cap to Diplexer) -7.00 ‘ dB | 2145 | 157
Diplexer Loss
{input Power: about -0.37 " dB | 21.08 156.6
21.45dBm}
 Cable Loss -0.20 ' dB | 2088 156.4
{Diplexer to isolator}
Inserion Loss of 4 45 4 | 2073 156.3
fsolator i
Path Loss Cable Loss 0.20 dB | 2053  156.1
{Isolator to Triplexer} .
(PCP) = Triplexer Loss
145.82dB {input Power: about = -0.16 ~ dB | 20.37 155.9
20.53dBm}
Cable Loss
(AIT to SOC) -92.89 : dB | -72.52 . 62.9
Triplexer Loss
{loput Power: about - | 017 dB | -72.69 628
72.52dBm)
Cable Loss
{Triplexer to Tunable | -1.00 | dB | -73.69 | 61.8
Attenuator}
Tunable Attenuator | -15.00 dB | -88.69 = 468
Cable Loss -8.68 dB | -97.37 @ 381
§-Band DL Coupling | 4 46 g | -147.37 | 18.1
Loss N
LNA Gain 53.00 dB | 64,37 173
Cable Loss
(LNA Output to DC) -4.48 . dB | -68.85 ' 17.3
TTC DC Gain 15.13 . dB | -83.72  17.3
3dB Divider ~3.00 dB | -56.72 173
MODEM/BB Input 56.72 dBm
Power

2.4 RFX| & FH|o 74

Level diagram®] #41-& %3 RF A AH| s}
4d w5 A7 98" A% ASTRIUMS] £
AoA A8 AZEHE FASHA UEed
tunable attenuator®]
ZdEHN A 27% input dynamic range

COMS RFz=Erd ANlgle 21T REXE
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