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Design Compact 6-Bit Phase Shifter for 6G Upper-Mid Band Using 130-nm SOI
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Abstract

This paper presents the design and measurement of a 6-bit phase shifter for 6G upper-mid band communication implemented using
a 130 nm SOI process. The proposed phase shifter operates in the 6.8~8.8 GHz frequency range and achieves a compact chip area
by utilizing stacked inductors. The measurement results demonstrate a low insertion loss of 4.7 dB at 7.8 GHz and a low root mean
square (RMS) phase error of 3.7°, with an RMS amplitude variation of 0.3 dB. The total chip size, including pads, is 1.1x0.56 mm.
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Fig. 1. Schematic of designed phase shifter.
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Fig. 2. Metal layer information of 130-nm SOI process and
stacked inductor.
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Fig. 3. EM simulation result of single metal inductor and
stacked inductor.
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Fig. 4. Photograph of fabricated phase shifter.
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Fig. 5. Measured insertion loss, RMS amplitude variation
results of the phase shifter.
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Fig. 7. Measured output return loss results of the phase
shifter.
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Table 1. Comparison with other works.
This
Ref. [5] (6] (7] work
P (om) 180 130 180 130
ocess SOl | CMOS | SOl sor
Freq. (GHz) 5~6 | 85~10.5 | 7.5~10.5 | 6.8~8.8
Fractional
band width (%) 18 2 33 2%
No. of bit 6 6 6 6
IP1 dB (dBm) 29.6 N/A 20 17.3
Insertion loss (dB) | —4.8 —14 —11 —4.7
MAX amplitude *
variation (dB) 24 N/A 4 13
RMS amplitude | )} 4 NA |03
variation (dB)
RMS ph:lse error 10 4 75 37
©)
Chip area (mm%) | 1.03" 352 22 0.63

"Estimated from graph, = With charge pump.
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