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Ka-Band Power Amplifier Design for Radar Transmitter
Using 40-nm CMOS Process
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Abstract

This paper presents a power amplifier for synthetic aperture radar transmitters using the Ka-band and a 40-nm CMOS process. The
designed amplifier consists of two stages: A driver amplifier in the first stage and a power amplifier in the second stage. The driver
amplifier employs a differential common-source amplifier, whereas the power amplifier is designed using a differential cascode amplifier.
To ensure the stability of the amplifiers, both the driver and power amplifiers utilize neutralization techniques that utilize capacitors.
The input of the driver amplifier was matched using a single-to-differential balun, whereas interstage matching between amplifiers was
achieved using transformers. The power amplifier output is matched for power optimization using a differential-to-single balun. The output
power of the power amplifier is 16.9 dBm, consuming 351 mW of power. The center frequency of output power is 34 GHz, with a
1 dB bandwidth ranging from 28.1 to 39.8 GHz. The total area, including the DC and input/output pads, was 711 £mx504 ym.
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Fig. 1. Schematic of Ka-band power amplifier.
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Fig. 2. Layout of driver amplifer and power amplifier.
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Table 1. Transformer characteristic.

Ref. LI L2 k Ql Q2

PAD to DA |290 pH | 321 pH| 0.67 10.4 11.7

DA to PA 72pH | 77 pH | 047 11.6 11.5

PA to PAD | 169 pH |218 pH| 0.72 13.1 7.8

K-

PAD to DA DA to PA PA to PAD

8 3. ERAEH Folob
Fig. 3. Layout of transformer.
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Fig. 4. Micro-photograph of Ka-band power amplifier chip.
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Fig. 5. S-parameter of Ka-band power amplifier.
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Fig. 6. Output power of Ka-band power amplifier.
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Table 2. Performance summary and comparisons of power amplifier.

Ref. CMOS technology | Amplifier topology | Supply [V]| Gain [dB] | Freq. [GHz] | S, BWias [GHz] Psat [dBm]
[4] 28 nm CMOS Istage 2stack 22 13.6 28 - 19.8
[5] 28 nm CMOS 2stage CS 0.9 20.8 43 29~57 16.6
[6] 65 nm CMOS Istage 3stack 3.6 17.5 38 - 24.8
7] 28 nm CMOS 2stage 2stack 0.9/1.8 25.8 38.5 - 16.8
[8] 45 nm SOI 2stage 2stack 12 20.5 - 258~43.4 20.4
9 28 nm CMOS 2stage 2stack 0.9/1.8 20.5 - 19.7~43.8 20.3
This work 40 nm CMOS 2stage 2stack 0.9/1.8 27.8 34.6 30.2~38.5 16.9

= —
B =52 40-nm CMOS 3745 o]&3te] AA S Ka-
4 AYZZNE AN AAE AEZZ7)E 34
GHzol A 351 mWE 42X 38k 169 dBmE =3t} of

51
ANg &8 AYS 71502 1-dB HYZ2 28.1~39.8
GHzOM gAY APEE7)= PLLY T34 Auiet
S ARSI F27|E Aol 7hsE AoH, £V
2A719ke] 571818 Fal Holth AlL" FE & g0
Ao g goed

m?L‘ -y o

References

[1] S. J. Park, S. W. Kang, K. J. Choi, and B. S. Kim, "A
W-band power amplifier design for radar transmitter us-
ing 28-nm CMOS process," The Journal of Korean
Institute of Electromagnetic Engineering and Science,
vol. 33, no. 11, pp. 849-854, Nov. 2022.

[2] 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.

[3] H. T. Dabag, B. Hanafi, F. Golcuk, A. Agah, J. F.
Buckwalter, and P. M. Asbeck, "Analysis and design of
stacked-FET millimeter-wave power amplifiers," [EEE

Transactions on Microwave Theory and Techniques, vol.

350

61, no. 4, pp. 1543-1556, Mar. 2013.

[4] B. Park, S. Jin, D. Jeong, J. Kim, Y. Cho, and K. Moon,
et al., "Highly linear mm-wave CMOS power amplifier,"
IEEE Transactions on Microwave Theory and Techni-
ques, vol. 64, no. 12, pp. 4535-4544, Nov. 2016.

[5] M. Vigilante, P. Reynaert, "A wideband class-AB power
amplifier with 29~57-GHz AM-PM compensation in
0.9-V 28-nm bulk CMOS," IEEE Journal of Solid-State
Circuits, vol. 53, no. 5, pp. 1288-1301, May 2018.

[6] Y. Chang, B. Z. Lu, Y. Wang, and H. Wang, "A Ka-
band stacked power amplifier with 24.8-dBm output
power and 24.3% PAE in 65-nm CMOS technology," in
2019 IEEE MTT-S International Microwave Symposium
(IMS), Boston, MA, Jun. 2019, pp. 316-319.

[7] H. Park, B. Park, Y. Cho, J. Park, J. Kim, and J. H. Lee,
et al, "A high efficiency 39 GHz CMOS cascode power am-

in 2019 IEEE Radio Fre-

quency Integrated Circuits Symposium(RFIC), Boston,

MA, Jun. 2019, pp. 179-182.

[8] F. Wang, "A broadband linear ultra-compact mm-wave

plifier for 5G applications,"

power amplifier with distributed-balun output network:
Analysis and design," [EEE Journal of Solid-State
Circuits, vol. 56, no. 8, pp. 2308-2323, Aug. 2021.
[9] W. Zeng, "25.2 A 19.7-t0-43.8 GHz power amplifier with
broadband linearization technique in 28 nm bulk CMOS,"
in 2023 IEEE International Solid-State Circuits Conference
(ISSCC), San Francisco, CA, Feb. 2023, pp. 372-374.



