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Abstract—A Ka-band 4-channel CMOS beamforming front-
end IC for data relay satellite system is introduced. A 
differential 4-way power combiner and differential SPDT 
switches are used to reduce parasitic ground inductance effect. 
Also, an active phase shifter with variable gain function is 
integrated, which reduces both chip size and DC power of the 4-
channel beamforming IC. A built-in PA linearizer is integrated, 
which improves linearity of the PA. The PA has OP1dB of 19.5 
dBm, peak PAE of 34%, and AM-PM distortion of less than 1 
degree at 27 GHz.  

Keywords—beamforming, CMOS, linearizer, PA, phase 
shifter, power divider, receiver, SPDT switch, transmitter  

 

 

I. INTRODUCTION 
Recently, the number of low Earth orbit (LEO) satellites 

for communication has increased significantly due to various 
advantages such as large coverage and low transmission delay. 
Accurate beamforming is one of the key technologies for data 
relay satellite systems. Although CMOS-based beamforming 
ICs have many advantages such as high integration and low 
cost [1]-[8], CMOS beamforming ICs have high phase error 
during beam control and have low linearity. In this paper,  a 
Ka-band 4-channel CMOS beamforming front-end IC (BFIC) 
with an analog linearizer and an active phase shifter with 
variable gain function is introduced. 

 

II. 4-CHANNEL BEAMFORMING IC STRUCTURE 
Fig. 1 shows the block diagram of the RF BFIC. The 1-

channel BFIC introduced in [5] is expanded to 4-channel IC 
by using differential 4-way power divider, differential SPDT 
switches, and gain amplifiers in the common nodes. Since all 
differential structures are adapted, the IC is less sensitive to 
the parasitic ground inductance effect. An active phase shifter 
with variable gain function based on [8], [9] is used for phase 
and gain control. Differential NMOS and PMOS alternating  

 

Fig. 1.  Block diagram of the 4-channel RF BFIC. 

 

 

Fig. 2.  Schematic of the 4-way differential power divider.   
 

SPDT structure in [10], [11] are used for all SPDT switches in 
the 4-channel IC to reduce insertion loss and to improve power 
handling capability of the switch. The simulated insertion loss 
of the differential SPDT switch was less than 1.1 dB at 26 GHz. 

The schematic of the 4-way power combiner/divider is 
shown in Fig. 2. Differential power divider structure in [13] is 
adapted. The simulated insertion loss of the differential 4-way 
power divider was less than 1.3 dB at 26 GHz. A PA linearizer 
based on [6], [12]  is integrated in each channel, which reduces 
both AM-AM distortion and AM-PM distortion of the PA. 

 

III. IMPLEMENTATION AND MEASUREMENT RESULTS 
The 4-channel RF BFIC was implemented using a 65-nm 

RF CMOS process. Fig. 3 shows a photograph of the 
fabricated 4-channel BFIC. SPI, BGR, and LDO are 
integrated. Simulated gain of the  BFIC is 27 dB at 26.5 GHz.  
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Fig. 3. Chip photograph of the 4-channel BFIC. 

 

 
 

Fig. 4.  Schematic of the 2-stage power amplifier 
 

 

Fig. 5.  Measured S-parameter of the power amplifier 

 
The simulated 3-dB bandwidth of the 4-channel BFIC was 
23.5 to 30.5 GHz. Simulated RMS phase error was less than 
2.5 degree.  

A two-stage PA standalone block integrated with the 
linearizer is also fabricated to verify the performance of the 
PA and the linearizer. The schematic of the PA is shown in 
Fig. 4. The measured gain of the PA is 25.5 dB at 25 GHz with 

the 3-dB bandwidth of 7.7 GHz. The measured OP1dB of the 
PA was 19.5 dBm. The measured peak PAE was 34.4%, and 
AM-PM distortion was less than 1 degree at 27 GHz. 

 
 

IV. CONCLUSION 
A CMOS 4-channel BFIC for data relay satellite system 

was introduced. The active phase shifter with variable gain 
function offers 6-bit phase and 6-bit gain control function.  It 
reduces both size of the chip and DC-power. All differential 
SPDT switches and power divider allow to have less sensitive 
characteristics to parasitic ground inductance. The analog PA 
linearizer improves AM-PM distortion as well as AM-AM 
distortion of the PA. Thanks to these components, the 
implemented 4-channel BFIC achieves comparable phase and 
gain control resolution, low RMS phase error, high OP1dB,and 
high transmitter efficiency and linearity. 
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