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Abstract The transmission bandwidth of shorted-monopole antenna in the frequency range of LF and MF was
analyzed and the transmission mode considering the permissible data rate dependant on the transmission
bandwidth was analyzed in this paper. Based on the required ERP, the output power of transmitter was
deduced by considering the antenna efficiency. The anayses are for DGPS and time information transmission
system in the frequency range of 283.5kHz and 65kHz respectively. The transmission antenna was modeled as
TLM antenna that designed in the limited antenna site. The antenna equivalent circuit and antenna bandwidth
were deduced based on the simulation analysis of antenna characteristics. The analyzed antenna bandwidth
was compared with the simulated antenna bandwidth. Also the transmission mode for transmitter of LF and
MF was proposed by considering the antenna bandwidth.
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Fig. 1. Lay-out of analyzing TLM Antenna

(a) Top-oading Element of TLM

(b) TLM Antenna Model
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Fig. 2. Antenna Modeling for Antenna Characteristics si
mulation.
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(a) Radiation Pattern for 65kHz
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(b) Radiation Pattern for 283.5kHz

(c) Typical Radiation Pattern(3D)
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Fig. 3. Radiation Characteristics of TLM Antenna (@
65kHz and 283.5kHz)
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Table. 1 Antenna Characteristics of analyzing TLM
Antenna(@ 65kHz and 283.5kHz)

Frequency 65kHz 283.5kHz
Antenna . 13.33 +
Input Impedance 0.5847 — j697.3 j4.985
Antenna
Radiation Resistance 0.5847 13.33
Antenna Beam 44.8 deg. 43.4 deg.
Antenna Gain 4.26 dBi (max) 4.76
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Fig. 4. Input Impedance of analyzing TLM Antenna(@
65kHz and 283.5kHz)
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Fig. 5. Typical Equivalent Circuit of Antenna
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Table. 2 Component Values of Equivalent Circuit for
analyzing TLM Antenna

Component 65 kHz 283.5 kHz
Equivalent Inductance 113.6
85.33 [uH
[L] LA | g
Eqivalent [(é?pacnance 3.34 [nF] 2.84 [nF]
Radlatlon[FI{?]eﬂstance 0.5847 [Q] 13.33 [Q]
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Fig. 6. Equivalent Circuit of Antenna including Tuning
Circuit and Antenna Loss.

=

I8 6014 FARlzE e A H 5= Eld
£ E5h, RL2 I A
A, 293 714 9 TLE AHE SRt faA) &4
HIBhe AHL 4 A[Fo|eH8].

rpr
i
e,
rO
A,
v
il
o > [>

2.2

Heltel HeimEw)e 17 69 St S7isize)
57t AEA B 571 AsAEA AP o)
3 5 Utk

_wL 1 e
Q= R,  wRC’ BW‘E @

of7]A, Qe U] F ARKquality factor) ©JH,
f. = ey ZRFTot), E3L Bt AYEA E 5
7t AmjAE ol QY 525 3t B2 HHEAE
St

A Qz=5E H 29 22 TLM Y] 65 kHz9}
283.5 kHzH99] Qrelut tid=-2 & 33} o] Vehd
=

HH

03. 00T Tm™mMOO0O0O0 000 Doo
Table. 3 Antenna Bandwidth of analyzing TLM Antenna

Frequency 65 kHz 283.5 kHz
Antenna
Bandwidth 51.8 Hz 19.1 kHz
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Table. 4 Antenna Bandwidth considering the antenna
loss resistance

Frequency 65 kHz 283.5 kHz
Antenna
Bandwidth 229.1 Hz 21.9 kHz
SWR
084 Frog M 066

(a) Antenna bandwidth for 65 kHz(BW : 220 Hz)

L] Freq MHz Lk

(b) Antenna Bandwidth for 283.5 kHz(BW : 20.4 kHz)
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Fig. 7. Simulated Antenna Bandwidth of analyzing TLM
antenna(@ 65 kHz and 283.5 kHz)

3 49k 77 7R3 Qe £4o] SRS <k

405

AEL2 IVl A7F YERAIRE AR E
2 A4S "ot kA, TLM QHEUe] digE 2 ok
L o] 52 eIV &8 EAdo] ofofl Hsi=g, O9 6
fo] Sty &4 A R, & 1=t 4] )7 2
Y BE&(n)S TH3ITh
Rll
"R R, €)
EAo] ot QMUY faEHAKE
(Effective Radiated Power:ERP)2 Th33} Zth.

L

S

===

ERP=P x G, 4
o7|A, P £47] &2old, G & UHL Ado]
502 QY T&(n) A4S EIicE

QHEY oS53t 58 B4 Tefgt SAIQHUL} $41

71 28 P, kWIS Z&=

28 9 AR

P 011:].
ERP[dBW]}=10log (P,

A28 ERPL the} o] 713

) laBWi+ G, [dBil(5)

—2.15 [dBd]+10log(n)

2.3

% - A4mt fie Fu5g Agsle FERPA
g O A ZEYE AEAAE £ 0]—5]]1/}94 £A1A8}o] 2
29 A9, 4 3102 QHe] 58S TR the
7} gt

=

05 TMOOOO 000 OO0(@ 65 kHzO 283.5 kHz)
Table. 5 Antenna Efficiency of TLM antenna(@ 65 kHz
and 283.5 kHz)

Frequency 65 kHz 283.5 kHz
Antenna 22.6 % 86.9 %
Efficiency
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Table. 6 Transmitter Qutput Power of transmission
system using Antenna shown Fig. 1(@65 kHz and
283.5 kHz)

65 kHz / 10 283.5 kHz /
Frequency / ERP KW 500W
Transmitter
Output Power 27.4 kW 316 W
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