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Abstract

This study aimed to improve the characteristics of intermodulation distortion (IMD) and power-added efficiency (PAE) of a
100-MHz-band instrument landing system (ILS) power amplifier using Cartesian feedback linearization. The power amplifier, I/Q
modulator, and demodulator circuits were simulated. The characteristics of the manufactured amplifier were similar to the
simulation results and met the required performance specifications. In a modulation signal with modulation frequencies of 90
Hz and 150 Hz, and amplitude modulation (AM) depths of 20 % each, the designed Cartesian feedback - linearized power
amplifier achieved an IMD characteristic of —43.95 dBc at an output power of 45 dBm. This indicates an IMD improvement
of 28.22 dB compared to that of the nonlinear amplifier. Moreover, the designed power amplifier exhibited a high-efficiency
characteristic with a PAE of 40.12 %, indicating an improvement of 15.74 % compared with the PAE of the previously designed
power amplifier. This study confirmed that the IMD and PAE characteristics can be improved by employing the designed
Cartesian feedback - linearized power amplifier in the transmitter of an ILS that uses narrowband AM signals.
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Fig. 1. Cartesian feedback block diagram.
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Fig. 2. Equivalent model of Cartesian feedback system.
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Table 1. Specification of required performance.

Items Specification
Freq. range 108~112 MHz
Pout 45 dBm
Modulation freq. & mod. depth 90 Hz, 150 Hz, 20 %
IMD —40 dBc max.
Improvement of IMD 26 dB min.
PAE 35 % min.
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Pin | PAD | AMP | PAD | vATT. [ PaD | AMP | AMP | AMP |LPRCRL| Pout

ftem
sl TOPAM | MAFEBVP
- | BF7 | PAD [ varat | TRAD| BLFr | | NOE T LPRGRL

P1aBldBm] 20 25 | 238 6] 20

Pout[dBml | <17 | 205 | 15 35 -106 [ -1365| 18 216 4.6 4% %

Gain [aB] 45 | 2 5 7 -8 15 2 4 -5

Back-of a8] 1880 20 | 8% | 450

18 3. A¥537] gain budget
Fig. 3. Gain budget of power amplifier.
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Fig. 4. Final stage amplifier simulation.
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Fig. 6. CFB 1/Q modulator & demodulator.
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Table 2. IMD characteristics of CFB open loop and closed loop.

Items IMD
. —1436 dBc | —20.77 dBc
CFB open loop [Fig. 5] (M11) (M10)
, —55.23 dBc —58.67 dBc
CFB closed loop [Fig. 9] (M19) (M21)
Improvement of IMD 40.87 dB 37.90 dB
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Fig.10. CFB power amplifier test configuration.
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Table 3. Characteristics of simulation & measurement com-

= E
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pared to required performance.

Items Specification ‘ Simulation ‘Measurement
Freq. range 108~112 MHz
Pout 45 dBm
Mod. depth o 1
(90 Hz, 150 Hz) 20 % (—19.98 dBc)
Open —14 dBc | —14.36 dBc|—14.16 dBc
IMD loop max. —20.77 dBc | —21.51 dBc
(@ mod.
. Closed | —40 dBc | —55.23 dBc | —43.95 dBc
signal ref)
loop max. —58.67 dBc | —49.73 dBc
. 40.87 dB | 29.37 dB
Improvement of IMD | 26 dB min. 3700 dB | 2822 dB
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Table 4. Efficiencycomparison between Class J and CFB
power amplifier.

Ttems Class J PA" | CFB PA
Freq. range 108~112 MHz
Pout 45 dBm
Modulation depth
20 % (—19.
(90 Hz, 150 Hz) 0% (~19.98 dBc)
IMD
- B . —43. B
(@ mod. signal ref) 38 dBc max 3.95 dBc
PAE 2438 % 40.12 %
Improvement of PAE 1574 %

B S oA CFB A+ 23453 v
Table 5. Comparison with previous CFB works.

. Improvement
Ref. | Freq. Input signal Pout of IMD
[4] |900 MHz| 80 kHz, 2 tone 37 dBm | 35 dB min.
CQPSk .
[6] |800 MHz| : 625 kiz Bw |5 dBm) 20 dB min.

2 KHz, 2 tone 35 dBm | 30 dB min.

[7] (800 MHz| TETRA: 25 kHz BW | 30 dBm | 30 dB min.

[8] |860 MHz| 12.5 kHz, 2 tone | 43 dBm |22.4 dB min.
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