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Design of an Ultra-Wideband Multi-Stage High-Power Amplifier Using a
Lange-Coupler for SHF Application
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Abstract

In this study, an ultra-wideband multi-stage high- power amplifier (HPA) based on a Lange coupler is designed and its performance
is analyzed. The proposed HPA is composed of a two-stage structure, and high output power is realized through a combined structure
using a Lange coupler. The proposed HPA achieves 45.4 % bandwidth in the SHF Band, an output power exceeding 5 W, a power
gain of more than 12.7 dB, and a power-added efficiency (PAE) greater than 8.53 %. Compared to existing GaN-based HPAs, the
proposed HPA demonstrates acceptable output power performance over an ultra-wideband. The proposed HPA can be utilized in
high-power RF systems such as satellite communication and radar transmitters.
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Fig. 1. Structure of the Lange-coupler.
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Table 1. Port functions of the Lange-coupler.

Port Function
P1 — P2 (Sz) Through port transmission
P1 — P3 (S3) Coupled port transmission
P1 — P4 (S4) Isolation port transmission
P1 — P1 (Sp) Input port reflection
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Fig. 2. Simulated frequency response of the Lange-coupler.
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Fig. 3. Structure of the proposed high power amplifier.
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Fig. 4. Simulated characteristics of the unit-cell amplifier.
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Fig. 5. Simulated characteristics of the proposed high power
amplifier.
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Fig. 6. Photograph of the proposed high power amplifier.
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(@) 225 A 37
(a) Small-signal measurement setup
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(b) Large-signal measurement setup
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Fig. 7. Measurement setup for the proposed high power
amplifier.
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Fig. 8. Measured characteristics of the proposed high
power amplifier.
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Table 2. Performance comparison of the GaN based high
power amplifier.

This work | Ref. [9] Ref. [10] | Ref. [11]

Freq. (GHz)| F~F+10 | 18.5~24 | 25~275 27~29

BW (%) 454 25.9 9.5 71

Poe (W) >5 >3.2 >4.0 >9

Gain (dB) >12.7 >20 >10 >18
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