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Development of X-Band Shipborne Solid-State Radars
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Abstract
Maintenance-free radars are strongly demanded by customers, because radars are more and more frequently relied upon
for ensuring safe navigation of vessels—consequently making the maintenance costs burden to replace magnetrons with
limited life. On the other hand, radar frequency band is demanded to be narrowed because of the present congestion of
radio frequency resources. In response to those demands, JRC has developed X-band solid-state radars for Safety Of Life At
Sea (SOLAS) vessels. Due to the stable oscillation by the solid-state device and the waveform optimization technique
applied, the developed radar has successfully reduced the necessary bandwidth down to 70 %. Furthermore, we have
confirmed through the field evaluations on a practical vessel that the developed solid-state radar achieves the matching
sensitivity despite its 300 W of transmission, and the superior clutter suppression performance in comparison with the
existing magnetron radars, as the benefit from the pulse compression and the coherent processing.
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Fig.1 Structure of the developed radar system.
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Table 1 Specification of the developed radar system.
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SS-PA: Solid-State Amplifier
LNA: Low Noise Amplifier
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Fig.2 Function block diagram of the developed radar
system.
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Fig.3 Block diagram of the solid-state radar transceiver.

WZERBKIE, Y TNVA—NATFOY ALy HRICED L
— = REZEOOOREETH Y, EEREZERIG R
Nb, EFERICIE, BHREE» 0 R EGETHAAN SN,
FTNNT AR IEY (DBM) 12XV 200 JEk B4 k%
#2C, 9GHzAF IC& s, mt I IREE ISRk S b,
ZRERICE, V—F2L— 5 2@BLAEZEETFANS

BAESFLIR No.59 2010 - 43

7=

17
%

Kt

SR R DR



(BL R — ) XiEfafAEREL — & — D%

Nbo ZEIZADANWIZIZT A F—FY I v ¥ EEIHHA
S, EESREOBKAD LS EEERELTWD, A
TENTZEEFIIT— /4 X7 7 (LNA) 12 &Y B4iE
&, v F 7405 (BRF) 12L& 54 2= VREEREED
%, MREERETICAR IR, BESRBEEIER IR D,
72, BRAEEORFEERSE (st LO) 1213 B EOSAW
VCOR@MH L7 —Xuy s+ L—% (PLO) &%
FHLTWA,

4.2 (ESIEER
FaEisix, M4IRT L9112, Basskniks, 2E
L7z =¥ —E5% L — ¥ —BRIZERT 5720 0F 50
FRAFEIC L > TR S LD B RAERKIL, 7OV XEH
Rav— Ly ML EOFFEIZE L7, A AEGIE S
NIFM/ SV A % T 5o AR S IL/ZFM/ YLV A 1ZD /A%
WL o CTF U EF 2B, EXEH %S
ns,

D/A EERE
TS [
| &

kY 52 mIEmeE
| H

A/D - JAVI S Je—L >k D/A
T8% ’| TR |"| Ef |"| iz |“’|ma§|'—’

X4 {(ESNIBEBDOIER
Fig.4 Block diagram of the signal processor.
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lllustration of the waveform optimization.
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Fig.6 Transmitted spectrum measured by the
direct method in compliance with ITU-R.
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Fig.7 Resolution test of the solid-state radar.
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Fig.8 Maximum detection range test of
the solid-state radar.
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Fig.9 Radar images in short range.
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solid-state radar and the magnetron radar.
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BPF: Band-Pass Filter

BRF: Band-Rejection Filter

CFAR: Constant False Alarm Rate

DBM: Double Balanced Mixer

EBL: Electronic Bearing Line

GaN: Gallium Nitride

HEMT: High Electron Mobility Transistor

IMO: International Maritime Organization

ITU-R: International Telecommunication Union - Radiocommunications
sector

LNA: Low Noise Amplifier

OS-CFAR: Order Statistic - Constant False Alarm Rate

PRF: Pulse Repetition Frequency

RCS: Radar Cross Section

SAW: Surface Acoustic Wave

SOLAS%:#J: international convention for the Safety Of Life At Sea

SXGA: Super eXtended Graphics Array

VCO: Voltage Controlled Oscillator

VRM: Variable Range Marker
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