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A W-Band Power Amplifier Design for Radar Transmitter
Using 28-nm CMOS Process
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In this paper, we present a W-band power amplifier using a 28-nm CMOS process for radar applications. The designed amplifier
consists of a two-stage driver amplifier and last-stage power amplifier. The driver amplifier uses a differential common-source topology,
and the power amplifier adopts a differential cascode topology. Both the driver amplifier and power amplifier utilize the neutralization
technique at the common-source stage for stability and sufficient power gain. Each interstage of the amplifier used a transformer for
impedance matching. The W-band signal applied to the first driving amplifier is supplied 14 GHz to 16 GHz external signal source
multiplied by 6 using the internal multiplier, the power amplifier achieved 14.9 dBm output power, and the 3-stage amplifier consumed
262 mW of DC power. The 1 dB-bandwidth is 10 GHz from 85 GHz to 95 GHz. The core size of the 3-stage amplifier is 110 zm
x 300 pm.
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Fig. 1. Block diagram and schematic of 3-stage power
amplifier.
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Fig. 3. Differential cascode power amplifier with neutrali-
zation technique and diode connected linearization.
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4-stage power amplifier.
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Table 1. Transformer characteristic for impedance matching,

Ref. L L k O )
DAl to DA2 |75 pH |42 pH | 031 12 16
DA2 to PA 78 pH | 36 pH | 0.35 12 18
PA to PAD 55pH [ 94 pH | 0.71 5 10

DA1 to DA2 DA2to PA PAto PAD

28 5. A8ZE)9 YEs AFS A% ENAEY
Fig. 5. Transformer for impedance matching of power
amplifier.
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Fig. 6. Chip micro-photograph of W-band power amplifier.
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Table 2. Performance summary and comparisons of power amplifier.
Ref. CMOS Amplifier Frequency Py Gain Peak PAE Supply Py
technology topology [GHz] [dBm] [dB] [%] [V] [mW]
[5] 45 nm SOI 2 stage 3 stack 91 19.2 124 14 34 451
[6] 40 nm CMOS | 3 stage 2 stack 110 122 255 8.5 1.8 194
[1] 28 nm FD-SOI | 3 stage TBFC 71 13.5 26.5 14.5 1 150
[7] 65 nm CMOS 4 stage CS 81.6 16.3 282 14.1 1.2 234
[8] 28 nm FD-SOI | 2 stage CS 90 5 13.8 5.8 1 38
9] 28 nm FD-SOI | 2 stage 3 stack 99 15.1 21.8 18.6 3 173
This work | 28 nm CMOS | 3 stage 2 stack 89 14.9 29.9* 13.2% 1.8 262*
* Simultaion result.
V.2 B gain and 12.2 dBm P1dB in 65-nm CMOS technology,"

FE78 AAS A3 1 16}%} Hﬁﬂﬁl Z*E':‘ 7]
T 262 mWe A& LRt 149 dBme] & Xjr?_ﬂ, 7
=t %@%EH% 89 GHzo|™, & & 85 GHz~
95 GHzell 4| 10 GHzeltt. d?ﬂ%—% 1= 64715 W3
o] W lf FoFE AHE E 7Hs] He

& PLL= AHE-ste] HEZ -50] 7hs st R, dlolth
FA7NZ Abgo] Gold Aoz ddtd.

References

[1] C. Nocera, G. Papotto, A. Cavarra, E. Ragonese, and G.
Palmisano, "A 13.5-dBm 1-V power amplifier for W-
band automotive radar applications in 28-nm FD-SOI
CMOS technology," IEEE Transactions on Microwave
Theory and Technigques, vol. 69, no. 3, pp. 1654-1660,
Mar. 2021.

[2] Y. Kim, Y. Kwon, "Analysis and design of millimeter-
wave power amplifier using stacked-FET structure,"
IEEE Transactions on Microwave Theory and Tech-
niques, vol. 63, no. 2, pp. 691-702, Feb. 2015.

[3] H. S. Son, C. J. Lee, D. M. Kang, T. H. Jang, H. S. Lee,
and S. H. Kim, et al., "A D-band CMOS power amplifier
for wireless chip-to-chip communications with 22.3 dB

in 2018 IEEE Topical Conference on RF/Microwave
Power Amplifiers for Radio and Wireless Applications
(PAWR), Anaheim, Jan. 2018, pp. 35-38.

[4] J. R. Long, "Monolithic transformers for silicon RF IC
design," IEEE Journal of Solid-State Circuits, vol. 35,
no. 9, pp. 1368-1382, Sep. 2000.

[5] A. Agah, J. A. Jayamon, P. M. Asbeck, L. E. Larson,
and J. F. Buckwalter, "Multi-drive stacked-FET power
amplifiers at 90 GHz in 45 nm SOI CMOS," [EEE
Journal of Solid-State Circuits, vol. 49, no. 5, pp.
1148-1157, May 2014.

[6] G. Cho, J. Park, and S. Hong, "A 25.5-dB peak gain F-
band power amplifier with an adaptive built-in
linearizer," IEEE Microwave and Wireless Components
Letters, vol. 30, no. 1, pp. 106-108, Jan. 2020.

[7] V. S. Trinh, J. D. Park, "A 16.3 dBm 14.1% PAE 28-dB
gain W-band power amplifier with inductive feedback in
65-nm CMOS," IEEE Microwave and Wireless Com-
ponents Letters, vol. 30, no. 2, pp. 193-196, Feb. 2020.

[8] A. Vahdati, M. Varonen, D. Parveg, D. Karaca, and K.
A. 1. Halonen, "Design of an 85-95-GHz differential
amplifier in 28-nm CMOS FDSOL" in 2016 Global
Symposium on Millimeter Waves(GSMM) & ESA Work-
shop on Millimetre-Wave Technology and Applications,
Espoo, Jun. 2016, pp. 1-4.

853



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 11, November. 2022.

[9] K. Kim, K. Lee, S. U. Choi, J. Kim, C. G. Choi, and
H. J. Song, "A 97-107 GHz triple-stacked-FET power
amplifier with 23.7dB peak gain, 15.1dBm PSAT, and

woA & (REd s e
https://orcid.org/0000-0002-9150-011X

2021»4 2% Adddsty A7) 53
“ie 2021»1 3% A At WAk
A NNAFE 3 A

‘E. [Z 2420} RFIC 47

A A Rnstas - uals g
https://orcid.org/0000-0002-4658-3008
\ 20219 249: gt Aot (3

854

18.6% PAEMAX in 28-nm FD-SOI CMOS," in 2022
IEEE Radio Frequency Integrated Circuits Symposium
(RFIC), Denver, CO, Jun. 2022, pp. 183-186.

= RN & e e AL A S ]

https://orcid.org/0000-0002-4710-5032

2010 29: AJdhtal A st (38
/\]—)

20119 89: ArAtheta olgEAle et
I (FSH4Ah

20159 3Y~&A: AFFUgy AAA
‘. RFE TS Ak
[ 220} RFIC 47

[l = yumy

408 A ety
https://orcid.org/0000-0003-3084-6499

198913 29: Methotal AAbg ok (3o

/\]—)

19919 29: N g et ARz et (33
/\4/\})

19973 29 Mgty AAbg-sts} (-8
)

1997 3¢ ~8A): 4By JusE




