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The Study on the Design and Implementation of SHF band Low Noise Amplifier of Digital
Satellite Communication
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ABSTRACT

This study describes the design and implementation of SHF band Low Noise Amplifier of Digital Satellite Communication. We have applied to HEMT
part to minimize Noise Figure of system. and minimized the potential for the occurrence of such erroneous operation of equipment through the simulations
of the space environment. We designed a reliable Low Noise Amplifier through simulation for a TID according to the vibration generated during the
launch and space radiation environment, and compared pre-simulation of main performance results to test results about main performances of Low Noise

Amplifier after production.
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Fig. 1 Overview of the digital satellite communication
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Fig. 2 External figure of low noise amplifier

o:IA|-
=]

REINPUT

a8 3 NESSEFAe =

Fig. 3 The configuration of low noise amplifier

22 QABARFA7E ARETH
2 A EGolA 23
OAEARTAZE AFESHEA= A H3
gl AAAEZNA AFE7lsE BEow Ag
th AETZRE AfEE, AP FE2AE Alumina
7R ES AFE5F9] HEMT Die ICE AF&3le] +4
SHAEH3L. HEMP LNA &8s 387157} 0458 4

A e AA

of

.ok o
52

EE WS $5E 248 g9 1 e A
FE2A, o5 AWE 9ol uolSan, L
w2

1S 9% Thermopad® T4 Ell:} Hho] =
HE

Alumina 7|#5EE ARS8kl 27 st ALs gt



tAE YT A7E

SHF tl9} Azt&2%43 47 2 780 va a7

2A1AFE Microstrip LPF2 7453, 8w 2
ol ofol&glolE] A5 AREEte]l /EFEH U
2w ol o3 GPAE HastsHAE FA T

AR5 EA4A9] PCB Layout 742 o3 2

rm OPN

R ©

Olsolatar |

RFIN RFoUT

Monitor
Port

O 4 NESEEER S PCB v #+x
Fig. 4 PCB layout of low noise amplifier

dedoziy JEd oloj&YolH, & Aits
SEZ 202} 22 FZ7], 7pE747], Microstrip LPF,
ZEg olo]& o] oz T 9t}
]O

2 9 Fo B4 3 AE
gold s Fastt. AFSTEIANE e 199
Budget Simulation 2 15 50dB o], #
2% 15dB ol8hz A4 2 BAH,

X
m
o,

o

PP (@B 6000 SysemTemp k) 25000

Expected Result Value
Gain : 51.8dB
NF : 1.43dB
OP1B : 14.9dBm
OIP3 : 25.3dBm

Input Power Condition
Over drive power : -34dBm
Non damaging level : -12dBm

I8 5 MESSEZEX2 Budget AlZ20[M
Fig. 5 Budget simulation of low noise amplifier

ARSFENY Fo QWS e Ead
HEMT LNA ®&¢] A doldl 8z ogat 2o

Substrate : Alumina 10mil

BUT: FHX13X HEMT
= ==

Outputiatching

a8 6. Z=E HES SEIZ AlgE oM 3=
Fig. 6 Simulation circuit of 1% low noise amplifier

20 ms 4 mi2
| v v v
—HE
10—
o ] m7 rrvﬁ m
= F ¥R
s -V ’
oo 10—
TTT i -
20 _—
W

74 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.(
freq, GHz
I8 7. =¢ MES %E‘Tili Algdlold 2zt
Fig. 7 Simulation result of 1% low noise amplifier

2% HEMTAAZ 749 AZSSE3 =Y o5
2 ¢ 16dB °)d, #F&A4E 0.83dB= #AH.
< 224 sRY RS PHaAAFE LPF
Modules AlEd ol Atk Microstrip LPF&
Alumina 10mil 5742 7|38 AF&3ta LPFe] A<+

= sro g FAEA T Microstrip LPFY A2 )
A Eg oA 2 &3 2t

=)

% 7. Microstrip LPF2| PCB i x| =
Fig. 7 Configuration of PCB layout of microstrip LPF

1161



JKIECS, vol. 11, no. 12, 1159-1164, 2016

mén3
0 vy __
4 T
10— —— e
0™ [nvz e
1 N/ m4
30| \ / m
40 m1 I
1 v

L L e A L B B B B
8 9 10 11 12 13 14 15 16 17

1%l 8. Microstrip LPF2| AlZ2o]M Z 1}
Fig. 8 Simulation result of microstrip LPF

AFIA e BEAE BAs] stel  ADSe
Momentum #41& AME-8FSITE Al B dlo] A A2 7
= g8 2on, 23 sty talA -30dBe o4
o] ZAEAS HoFETH4-5].

23 AHEZERA A4 2 74 SHNY 23

AReEERA A 2 29 e et 2

Microsing
LPF

Zoom in HEMT

Oinby LNA Camrwer

a8 9 MEssEERel =-AE

Fig. 9 Assembly picture of low noise amplifier

HEMTE A48 29527 55 2 LPF 25
AT F A 2L sk wES PSR AR
SEFA F PCB| dolAddorn M2g J4s49
. FEL7} 50dB oo wHldl i 99e 2
z3kabr] Sletel  FEAblTEE HESSitHIl
HEMTE. 52 HEMT Dieg #83lo] stojojdg
atel Aakla, LPF 259 A AlEdold 24
Astel waw Ade 24 swy AA SAo] -

1162

205dBc =4H9lth LPF w89 2423 ohg
3} 2,

HARKER TO HAK
HARKER TO HIN

00000

808080808 GH

HARKER READOUT
FUNCTIONS

2! 10. Microstrip LPFel &d Zx}
Fig. 10 Test Result of microstrip LPF

Gain

dB(S(1,1))

0 e
78 79 80 8.1 82 83 84 85

freq, GHz
a2 1. MEHSSEERQ 0|5 AldZn

Fig. 11 Gain test result of low noise amplifier



[ .I'raqu;rF Oﬂ /\1 9’] Z1 @‘%%%X}—j] ‘9] g%&]{ % _H}_O:l _\?E}

Freq Mode,| ‘Cl)"zl'“oﬂ }\1

Aghent  15:26¢

DUT Rmplifier ~ Sys Downcony Off

Slar‘t%re‘q‘ q’]%%’\% O]—H]Oﬂ \jE% EEH '9_5
o Aedn. wd R Bz dE @A

Stop Freq

S Bottom Plate= #HW] &% Q27AFl +65C=E
Freqspan T"i‘ME a9k E} OIUH ARSSEGA o#e 7M =

o
=
= AL
e it A o % Aro] BEO Hazle] oAl
Loss On___Corr A 2= +8T ol FFS A&t A
e

8 12, ESSEERe HSXT AMlgZnt
Fig. 12 NF test result of low noise amplifier

24 gAEALFTZFRE AR ESTTAAY 5 - .
27 ABdOIH B4 S
O %3 A0 ok ol &l HIALL ZAQsx= 3.4 a 0.5
Sx@Ae Bl o7 Wabso] EAss B4 .
HEvel 54 5o BEZ A8 dxgel 9
el é}'% %"g] %/@ ‘g‘l %17]7]' %ZH'E)‘]’X] 961—'0]' 5017]01] Temperature[“C]“7
_ - _ _ Module Min. Temperature Max. Temperature
o3 Ay F7} EA8HA] EE S=3 3ot} LNA Body +66.25 +68.64
B 1 6= B - o — Waveguide (WR112) +66.79 +66.80
A1 R $RBA gE AEAS A 1%
6—}7 %?‘5}—04 % l‘E%Oﬂ }\1"1_:: ;\(l%, OE:]@:JS_, _CIL'ZI—‘HC}-}\]'% j_f—_q 14, I_I t‘%ggé}ilgl %_E_/:‘{
of tgt Al E#olAE Xt Fig. 14 Thermal analysis of low noise amplifier

Spacecraft : 0.8mm

15t Mode Global Z axis
(508.5 Hz)

2" Mode Global Y axis
(604.2Hz)

a8 13 NHSESEERY TEs=Y

Fig. 13 Vibration analysis of low noise amplifier

2 15. Kﬂé‘%%% SR 2] HALSEHY

A&7 508HzE Al 2~8 85AF] 150Hz¢] Fig. 15 Radiation analysis of low noise amplifier

[
I
o
o
™,
of
ox
1o
jﬁ', B
=
-z
_o‘k
il
o
_O‘L
rir

%,
oloh

Abs

&
BiS|

% BAANE AREEERAY 2F



JKIECS, vol. 11, no. 12, 1159-1164, 2016

5 225krad-SiE #A ¥, AgESHEA ] Hd
8 2R 3Rekrad-Siz BA Tk Ad ARSFEY
Ao] 5% 2AE BF 100krad SiE 28897 o
ol #AL glee Selstsinh

rh

=R OAYANEANE AGLFTERA A

A9 FEA o Al 2

§ ATAHG/DA tal AHEFERAS 4E

EA W AA ndsgon, $FaRe
o |

Jeke] Al ABelo| A Fale] 3)2o] wrisial
7

o K £ 1 o

N 1
to
oX,
ERE
)

&
o,
=
o
o 1%
i
S
>
s 7
> =
o H
_O|L
fo 32
+
fe i
o 2
> b
=
it i dn
N2 yE wE
o >
o Ropot

M
Ho
O_>|: o
o o F
2
2
dlo
N
It
2
)
=
m
T
=
et
oo
ot
2,
oxl
o

References

[1] K Kim and H. Seo, “The system performance

Digital
Communication Satellite,” ]. of the Korea Institute of
Electronic Communication Sciences, vol. 4, no. 9, 2014,
pp. 439-445.

[2] K. Kim and H. Ko, “The Optimization using PCB EM
interpretation of GEO satellite’s L Band Converter,”
J. of the Korea Institute of Electronic Communication
Sciences, vol. 8, no. 8, 2013, pp. 1219-1226.

[3] M. Go, “Design and Fabrication of wideband
low-noise amplification stage for COMINT,” J. of the
Korea Institute of Electronic Communication Sciences,
vol. 7, no. 2, 2012, pp. 221-226.

[4] M. Go, H. Shin, and H. Park, “A RF Module for

digital terrestrial and multi-standard reception,” J. of

analysis and  implementation  of

the Korea Institute of Electronic Communication Sciences,
vol. 1, no. 1, 2006, pp. 16-27.

1164

[5] K Kim and B. Kim, “The Study on the design and
implementation of a X-band 25W Power Amplifier
Module using GaAs MMIC,” J. of the Korea Institute of
Electronic Communication Sciences, vol. 9, no. 11, 2014,
pp. 1311-1316.

[6] M. AcCullar,
preparation,” In Proc. Thermal Fluids Anal. Workshop
(TFAWS 2010), League City, USA, Aug. 2010.

[7]1 S. Kim, H. Seo, J. You, E. Han, T. Kim, H. Kim, and

H. Huh, “Development and verification of thermal

“Thermal vacuum testing: test

analysis model for thermal vacuum test of satellite
components,” J. Korean Soc. Aeronautical Space Sci.
(KSAS), vol. 38, no. 8, Aug. 2010, pp. 842-847.

[8] ESA Requirements and Standards Division, “Space
Engineering: Testing,” ESA ECSS-E-10-03A, Feb.
2002.

[9] T. Kim, J. Park, and Y. Rhee, "Implementation of
Ka-band Low Noise Block Converter For Satellite," J.
of the Korea Institute of Electronic Communication
Sciences, vol. 3, no. 2, 2006, pp. 93-100.

ISPV |

A 71E(Ki-Jung Kim)

[=]
2002d olsldigtn #r|FEe &
AEEAh
20081 <1ttt gl Azls
At} (4D
2005%d ~2008d LGo|i-d] H-Eod 4
20081 ~ & A g3A 28l SIAIMFRE AR F
¥ Aok ¢ sl H e, 1A

@ J






