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Abstract

This paper presents a Ka-band variable gain phase shifter with a non-linear DAC comprising an IQ generator, a pair of vector generators
with a 180° phase difference, and a vector summation circuit. Non-linear DACs are used to simplify the phase control DACs and reduce
phase errors. Between 29 GHz and 33 GHz, the insertion loss and total root mean square phase error are less than 5.02 dB and 1.71°,
respectively. The device, which measured 0.259 mm’ in size including the DACs, was fabricated using the 65-nm RF CMOS process.
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Fig. 1. Block diagram of the proposed variable gain phase
shifter.
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Table 1. Logic mapping table of switches for phase control.

T 9% xE 24 0 %

SoiSq2 Quadrant SpiSp2Shs Target phase (°)
11 1 110 11.25
01 2 101 33.75
00 3 010 56.25
10 4 001 78.75
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Fig. 4. Microphotograph of the proposed phase shifter.
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Fig. 5. Measured static vector constellation diagram of the
variable gain phase shifter at 32 GHz.
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Fig. 6. Measured results of the phase shifter.
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Table 2. Performance summary and comparison of phase shifters.

H1% DACE ol 4% Ka t 7h4 o] 5 $1°¢310]7]

Ref Process Freq. (GHz) | Gain (dB) | Gain control topology | Calibration | RMS Surr (°) | Ppc (mW) |Core area (mm?)
[3] 65 nm CMOS 30~325 —2.8 | Multi-vector summation No 26'/3.5Y 18 0.21
[8] 45 nm SOIL 27~33 —5.8 | Polar vector modulator Yes 08° 25 0.27
[9] 130 nm CMOS  |26.55~294| —5 | Polar vector modulator |  Yes 23 27 0.284
[10] 180 nm CMOS 27~33 —5.17 No <4? 6.6 0.2427
[11] 150 nm GAN HEMT| 26.5~29.5 | —845 No <4.54 0 3.45
This work | 65 nm CMOS 29~33 | —408 | Multi-vector summation |  No 1.71" 15 0.259

Y Total RMS phase error, *by only control.
2 External gate voltage control, based on measurement result.
3 Graphical analysis.
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