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Application Background

• K/Ka/Ku band Phased Array in 5G Satellite Communication

[1] IEEE COMMUNICATIONS SURVEYS & 

TUTORIALS, M. Agiwal, 2016

[2] IEEE Network, R. Gopal, 2018

卫通的应用留着，不要删掉啊
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Application Background

• Attenuator

-- Phased Array Transceiver

-- Amplitude control

• Challenge of Attenuator

- High Attenuation Accuracy

- Low Phase Error

- High Linearity

[4] TCAS-I, C. Zhao, 2020
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Architecture Overview

- 6bit differential structure - Capacitive Compensation technique 

- Optimized cascading order for Linearity Improvement
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Phase variation suppression

ST-type Attenuator: 
- Low insertion loss

- small attenuation(0.5/1dB)

Simplified T(ST)-type Attenuator 

with Cp
T-type Attenuator with Cp

T-type Attenuator: 
- Low insertion loss

-medium attenuation(2/4dB)

� -type Attenuator: 
- large attenuation (8/16dB)

�-type Attenuator with Cp
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Phase variation suppression

Compensation Capacitor Cp : 

- Optimizing the value of Cp to 

obtain Low attenuation/phase 

error (T-type 4dB)

Capacitance compensation for 

each attenuator unit

(1) Capacitive Compensation (Cp) 
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Phase variation suppression

Phase difference with different values of Kp

(2) Further Optimization of Phase Error (Kp)

Define: Kp =Rp/RON2

4dB T-type attenuator 

unit
16dB � -type attenuator unit
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Phase variation suppression
(2) Further Optimization of Phase Error (Kp)

(a) Simulated phase difference of attenuator units (0.5 to 16dB) before and after 

optimization (inductors and routings extracted by EM simulation tool)

(b) Simulated phase difference of the overall attenuator before and after optimization

(a) (b)
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Cascading Order for Linearity 

Improvement
Distortion analysis of T/�-type Attenuator in reference state

- Series transistor can be equivalent 

to a nonlinear resistor

- The larger the attenuation, the 

larger the Rs (Rs,T or Rs,�), and 

the lower the IP1dB
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- 1.5dB IP1dB improvement by optimizing the order of attenuation units

After optimization

Cascading Order for Linearity 

Improvement
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Chip Photo

• 40nm CMOS

• 0.54×0.23 mm2(core)

• On wafer test using a 

probe station
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Measurement Results

• Insertion Loss: -8.5dB ~ -9.5dB

• RMS attenuation error <0.23dB RMS phase error <5.6 ̊  
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Measurement Results

• Input/Output Return Loss: <-10dB

• IP1dB ：>11.2dBm
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Performance Comparison
JSSC’18 [3] TCAS-I’20 [4] RFIC’17 [5] IMS’20 [6] This work

Process
0.13μm

SiGe
65nm

CMOS

65nm

CMOS

55nm

CMOS

40nm

CMOS

Freq./GHz DC-20 37-40 26-32 DC-32 26-32

Att.range/dB 31.5 31 31 32.4 31.5

LSB/dB 0.5 1 1 0.255 0.5

Insertion Loss/dB 1.7-7.2 7* N/A 3.5-8.4 8.5-9.5

RMS ATT Error/dB 0.37 0.27 0.5 0.32 0.23

RMS Phase 

Error/deg.
4 3.7 5 5.33 5.58

Return Loss/dB <-12 <-12 N/A <-9.6 <-11.1

IP1dB/dBm 10 12* N/A 9.1@30G 11.2-13

core area(mm²) 0.14 0.21 N/A 0.054 0.124
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Conclusion

• In this paper, a 26-32GHz 6-bit differential attenuator is proposed.

• The employment of the capacitive compensation and optimization 

of the shunt branches lead to low RMS phase errors among 

different attenuation states.

• Linearity improvement of the overall attenuator by optimizing the 

Cascading order of attenuator units
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