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Abstract— This abstract outlines the presentation of a dual-pole 4-channel receive beamforming integrated chip (IC) for 
Ka-band satellite communication. The chip features a variable gain phase shifter constructed around a vector summation type 
phase shifter. Additionally, the IC includes a specially designed digital-to-analogue converter (DAC) for current steering with 
an I/Q generator utilizing an RC–LR polyphase filter to minimize insertion loss. Circuit techniques are presented to have higher 
performance with smaller chip size, and lower power consumption. Orthogonal phase and gain control in a single block are 
firstly achieved using the proposed dual-vector synthesis technique, which greatly reduces chip size and power consumption. It 
has 30 dB gain dynamic range and 6-bit phase control step all over 360°. For combining the 8 different channels into a single 
stream, highly optimized 4:1 and 2:1 combiners are adapted. It shows a measured RMS phase error of 1.6° and RMS amplitude 
error of 0.15 dB over 18 – 21 GHz, while 15 dB gain varying and 360° phase shifting. It has 27 dB coherent gain and 2.9 dB 
coherent Noise Figure. The proposed dual pole 4-CH beamforming IC was implemented in a 0.18-um SiGe BiCMOS 
technology with the chip size of 3.8 mm x 3.0 mm. A single channel consumes about 33 mA on 3.3 V supply voltage. 

Keywords—phased array system, beamforming, variable gain amplifier, phase shifter, satellite communication 

 
Acknowledgment 

This work was supported by Institute for Information & communications Technology Planning and Evaluation (IITP) grant 
funded by the Korea government (MSIT) (No.2018-0- 00190, Development of Core Technology for Satellite Payload) 

 
References 

[1] H. -W. Choi et al., "6.7–15.3 GHz, High-Performance Broadband Low-Noise Amplifier With Large Transistor and Two-
Stage Broadband Noise Matching," in IEEE Microwave and Wireless Components Letters, vol. 31, no. 8, pp. 949-952, 
Aug. 2021. 

[2] S. Wang et al., "A K-Band Variable-Gain Phase Shifter Based on Gilbert-Cell Vector Synthesizer With RC–RL Poly-Phase 
Filter," in IEEE Microwave and Wireless Components Letters, vol. 31, no. 4, pp. 393-396, April 2021. 

[3] J. Park et al., "A 28-GHz Four-Channel Beamforming Front-End IC With Dual-Vector Variable Gain Phase Shifters for 
64-Element Phased Array Antenna Module," in IEEE Journal of Solid-State Circuits, vol. 58, no. 4, pp. 1142-1159, April 
2023. 

[4] X. Yu et al., "A 17.3-mW 0.46-mm2 26/28/39GHz Phased-Array Receiver Front-End with an I/Q-Current-Shared Active 
Phase Shifter for 5G User Equipment," 2021 IEEE Radio Frequency Integrated Circuits Symposium (RFIC), Atlanta, GA, 
USA, 2021, pp. 107-110. 

[5] M. Li et al., "14.7 An Adaptive Analog Temperature-Healing Low-Power 17.7-to-19.2GHz RX Front-End with 
±0.005dB/°C Gain Variation, <1.6dB NF Variation, and <2.2dB IP1dB Variation across -15 to 85°C for Phased-Array 
Receiver," 2021 IEEE International Solid- State Circuits Conference (ISSCC), San Francisco, CA, USA, 2021, pp. 230-
232. 

[6] G. Gültepe and G. M. Rebeiz, "A 256-Element Dual-Beam Polarization-Agile SATCOM Ku-Band Phased-Array With 5-
dB/K G/T," in IEEE Transactions on Microwave Theory and Techniques, vol. 69, no. 11, pp. 4986-4994, Nov. 2021. 

[7] X. Fu et al., "A 3.4mW/element Radiation-Hardened Ka-Band CMOS Phased-Array Receiver Utilizing Magnetic-Tuning 
Phase Shifter for Small Satellite Constellation," 2022 IEEE International Solid- State Circuits Conference (ISSCC), San 
Francisco, CA, USA, 2022, pp. 90-92. 

 

 

39 ICTC 2023


