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A Power Amplifier for Millimeter-Wave 5G Base Stations Covering 24-30 GHz
C. Kamidaki, Y. Okuyama, T. Kubo, Y. Yamaguchi, and N. Guan
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In this paper, we introduce a millimeter-wave-band power amplifier (PA) for the 5th generation of mobile technology
(5G) base stations. The PA adopts an output matching network with integrated transmit-receive switches to support time-
division duplexing, while being designed to maximize the saturated output power (Ps.) and power-added efficiency (PAE)
and higher linearity (i.e. lower AM-AM distortion) in the n257, n258, and n261 frequency bands specified by the 5G NR.
The PA fabricated in a 130-nm SiGe BiCMOS process exhibits a maximum gain of 30.3 dB and a 3 dB bandwidth of 9.8
GHz, and it achieves a Ps: over 20 dBm, a PAE of over 22%, and an AM-AM distortion of less than 0.1 dB in the 24-30
GHz range. The performance figure of merit (ITRS FoM) calculated from these parameters reaches competitive value of
93.3. Furthermore, in modulation signal measurements, the PA demonstrates an output power of 12.3 dBm, a PAE of
8.8%, and an adjacent channel power ratio of -32.7 dBc when the error vector magnitude is -25 dB (5.6%) .
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Fig. 1. Schematic diagram of proposed PA with LNA and TRX SW.
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Fig. 3. Micrograph of implemented circuits fabricated in
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Tablel. Comparison of PA performances

8) 9)

This [6] [11] [7] [10] [12]
Work ISSCC 2018 | RFIC 2021 | JSSC 2016 | IMS 2020 PAWR 2022
Technology 139—nm ISQ—nm 130—nm 28-nm 28-nm 45-nm
SiGe SiGe SiGe:C  |Bulk CMOS| Bulk CMOS SOI CMOS
Topology Dif. ?—stage CE+CC | Dif. 2-stage | Dif. 1-stage | Dif. 2-stage | Dif. 2-stage l—stage'4—stacked—F ET,
with TRX SW CE+CE CC CS+CS CS+CS Adaptive cap. & bias
BW3as [GHZ] 22.2-32.0 19.0-295" | 235-34.0 | 27.35-31.2 — —
Frequency [GHz] | 24 | 26 | 28 | 30 285 28 30 28 25
Gain [dB] 30 | 30 293|281 20 194 157 185 176
P, [dBm] 208 | 20.7 | 206 | 20 17 22.7 14 189 215
oP1ap [dBm] 19 | 191 | 186 | 169 15.2 22.1 132 185 —
PAE ax [%] 26 | 265 | 256 | 22.7 435 38.1 355 39.7 39
FoM™* 926 | 93.3 | 92.9 | 91.2 82.5 86.9 74.7 82.3 83.2
Active area [mm?] 0.21 0.29 0.16 0.16 0.31 0.22
Modulation signal 64-QAM 64-QAM 64-QAM 64-QAM 64-QAM o
OFDM OFDM OFDM OFDM OFDM
EVM [dBc] -25 -25 -25.2 -25 -254 —
Pout@EVM [dBm] 12.3 9.8 16.2 42 9.3 —

* Pout 1dB Bandwidth

* ITRS FoM=Ps (dBm) +Gain (dB) +10 logw (PAEmax [%]) +20 logwo ( Frequency [GHz]) [13].
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