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Abstract

Currently, antenna technology is developing to a full digital array structure from the previous active phase array antenna. Thus far,
it has been challenging to build a full digital array antenna, because making a small transceiver with an analog digital converter for
each array element has technical limitations in semiconductor devices. However, it is now possible to fabricate a digital TR-module
having a transceiver and analog digital converter for each element in the L-band. In this thesis, the results of the L-band digital
TR-module and alignment method for a full digital array structure are presented to verify the possibility of a digital active array antenna.
Transmitting beam and receiving multi-beam measurements were performed, which proved the free beam-forming function of the full
digital array.
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Fig. 1. The block diagram of the digital TR-module.
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Table 1. The comparison between full digital array and active phase array.

Active phase array

Attribute .
(analog active array)

Full digital array
(element level digital)

Beam shape flexibility Fixed beam shape

Fully reconfigurable shape

Multiple simultaneous Very few

receiving beam

limited by beamforming complexity

Multiple, independent
limited only by element pattern

Jamming and interference Low sidelobe tapers

signal suppression

SLC using auxiliary receiver

Low sidelobes
fully flexible adaptive cancellation

Instantaneous . . System dynamic range
. Dynamic range of receiver . . .
dynamic range = dynamic range of receiver +~ number of receiver
Linearity Low on mainbeam

(mainbeam, sidelobe) high on sidelobe

Constant with beamforming gain or angle

System phase noise Phase noise of exciter

System phase noise
= phase noise of exciter x number of exciter

Angle accuracy

Typical (conventional monopulse)

Somewhat higher (multiple simultaneous receive beams)
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<Front configuration without radom>
<Rear installation shape with DTRMs>
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Fig. 2. The shape of the full digital array antenna.
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<Rear panel of DTRM>
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Fig. 3. The shape of the digital TR-module.
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of the digital TR-module.
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Table 2. The test results of the transmitting output power.
Output level F Fe Fy

CH1 564 dBm | 56.7 dBm | 56.6 dBm
CH2 56.6 dBm | 56.7 dBm | 56.2 dBm
CH3 56.1 dBm | 56.5 dBm | 56.6 dBm
CH4 562 dBm | 56.7 dBm | 56.5 dBm

¥ Measurement condition: Pulse width 100 s, duty 10 %.

#*Design goal: over 554 dBm.
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Table 3. The test result of the L band digital T/R module.
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Item Design goal/ Meas. result
Fc-1 GHz~Fct+]l GHz /
tion fr
Operation frequency Same
Transmit output level |Over 350 W / Over 380 W
. Below 1 dB /
Transmit pulse flatness Below 0.6 dB
Trasmit Trasmit pulse Below 100 ns~100 ns
rising-falling time / Below 48 ns~52 ns
Duty cycle Below 10 % / Same

LFM / Same
Below 5.625° / Below 0.8°

Trasmit waveform

RMS phase error

Efficiency Over 30 % / Over 32.3 %
. Below 2 dB /
. Noise figure Below 1.9 dB
Receive
Receive gain 47 =1 dB
£ / 464~478 dB
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