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Design of Two-Stage Fully-Integrated CMOS Power Amplifier
for V-Band Applications
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Abstract

This paper presents a V-band two-stage power amplifier integrated circuit using TSMC 65 nm CMOS process. The simple input,
output, and inter-stage matching networks based on passive components are integrated. By compensating for power gain characteristics
using a pre-distortion technique, the linearity of the power amplifier was improved. The implemented two-stage power amplifier showed
a power gain of 10.4 dB, a saturated output power of 9.7 dBm, and an efficiency of 20.8 % with a supply voltage of 1 V at the
frequency band of 58.8 GHz.
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Fig. 1. Overall schematic diagram of the proposed V-band
two-stage power amplifier.
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Table 1. Simulated performance of power-stage according to device size.
271" (m) 32 px8x2 \ 32 px10%2 32 px12x2 32 px14x2

F3H47(GHz) 60

71¥ 0] 5(dB) 9.73 9.03 8.33 7.95

P! dB(dBm) 7.08 7.59 7.74 8.16
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Fig. 2. PD circuit for the proposed two-stage power am-
plifier.
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Table 2. Simulated performance according to the device size

of PD.
A Qo | ANF | FAZ Gain(dB)60 GHPsz(dBm)
w/o PD 13.86 0.72
| 0.6 #£m 13.78 2.07
60 1m 1.2 gm 13.35 2.11
) 0.6 £m 13.47 2.23
12 ¢m 12.74 3.08
1 0.6 £m 13.93 2.32
120 nm 1.2 £m 13.61 222
) 0.6 £m 13.72 2.19
1.2 tm 13.16 2.54
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Fig. 5. Microphotograph of the implemented V-band two-sta-
ge power amplifier.
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Table 3. Performance comparison to the previously published works.
Freq. Vi Gain P Peak PAE P Size
Ref. ( GH(l) Technology (\[;g’ (dB) ( d]gi;) %) ( d]?:m) (o) Remark
2] 60 CMOS 65 nm 12 14.0 10.5 223 - 0.57 Cascode
[5] 59 CMOS 65 nm 1.0 9.4 14.9 16.2 - 0.36 CS + Adaptive bias
9] 60 CMOS 90 nm LP 24 15.5 154 16.0 42 0.25 Cascode + Passive PD
[12] 60 CMOS 65 nm 1.0 149 11.3 94 - 0.37 CS + Adaptive bias
This work | 58.8 CMOS 65 nm 1.0 10.4 9.7 20.8 4.0 0.26 CS + PD
?S: Common-source, Py,: linear output power @ IMD3 —30 dBc, PAE: power-added efficiency.
Graphically estimated
2 =roA ARk AYFE7]9] Ad5e v ot phase shifter in CMOS for phased-array receiver”, in IE-
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Matsuzawa, "A 60 GHz CMOS power amplifier using
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in European Microw. Conf. 2011, pp. 554-557, Oct.
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1-4, Jun. 2014.
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