GaN Wideband Low Noise Amplifier
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Abstract

With the continuous development of communication and satellite technologies,
microwave-band receivers play an indispensable role. Among them, the low-noise
amplifier (LNA), typically placed at the first stage of the receiver front-end. It must
provide sufficient gain and a low noise figure in order to ensure that weak receiving
signals can be properly amplified and interpreted. This is crucial for later operations like
down-conversion and demodulations.

Compared with traditional semiconductor processes, GaN technology offers
higher breakdown voltage, greater gain, and better reliability, making it suitable for
high-frequency applications. So in this study, we use a 120-nm GaN process to design
low-noise amplifier.

This work focuses on designing a wideband two stage LNA for 19-26 GHz
(K-band) and one stage LNA for 33-37 GHz (Ka-band). The design flow includes
architecture selection, biasing setting, and impedance matching. The objective is to
achieve high gain, low return loss, and low noise figure while ensuring circuit stability to
prevent oscillation.

After layout and post-layout simulation, the measured performance shows for two
stage 19-26 GHz LNA, a gain (S21) of 17.7-19.9 dB, input and output return loss (S11/S22)
of < —7.5/—6.8 dB, noise figure (NF) of 2.6-3.04 dB, chip area of 2 X 2 mm?, and a total
power consumption of 472 mW. for one stage 33-37 GHz LNA, a gain (S21) of 8.1-9.3 dB,
input and output return loss (S11/S22) of < —8.1/—9 dB, noise figure (NF) of 3.41-3.7 dB,
chip area of 1 X 1 mm?, and a total power consumption of 155 mW. These results meet the
expectations and they are suitable for communication systems.
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Fig.2 Layout of 19-26GHz two stage LNA




Fig.4 Layout of 33-37GHz one stage LNA



Table 1
B 4p M4 2 aGaN LNA fie &

Ref. Process Freq. NF Gain I/ORL OP1d| OIP3| DC
[GHz] | [dB] | [dB] [dB] B | [dBm]| [W]
[dBm]

[1] 0.15um 25- 2.35 15- >8/ 10 17.4 | 24.2 0.3
GaN/SiC 31 17

[2] 0.15um 25- 2.4- >21 >12/ 19.1 28.5 0.3
GaN/SiC 31 2.9 10

[3] 0.15um 27- 3.7- 14.4- >10/ NA NA 0.64
GaN/SiC 31 3.9 19.6 5

[4] 0.15um 25- >3 >20 >10 NA NA 0.36
GaN/SiC 35

[5] 0.lum 33- 2 26 >7/ 20 28.4 | 0.564
GaN/Si 38 10

This 0.12um 19- 2.58- 17.7- >7.5/ 15.7 18.8 | 0.472

Work GaN/SiC 26 3.04 19.9 6.8

(Two

stage)

This 0.12um 33- 341-| 8.1- >8.1/ 13.2 12 0.155

Work GaN/SiC 37 3.7 9.3 9.8

(one

stage)
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