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* Introduction
* Circuit Design
— Architecture Overview
— Phase variation suppression
(1) Capacitive Compensation (Cp)
(2) Further Optimization of Phase Error (Kp)
— Cascading Order for Linearity Improvement
* Measurement Results
* Performance Comparison
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Representative use cases enabled
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S0IMS Architecture Overview
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- 6bit differential structure - Capacitive Compensation technique

- Optimized cascading order for Linearity Improvement
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Phase variation suppression
(1) Capacitive Compensation (Cp)
ST-type Attenuator: T-type Attenuator: I1 -type Attenuator:
- Low insertion loss - Low insertion loss - large attenuation (8/16dB)

- small attenuation(0.5/1dB) -medium attenuation(2/4dB)

RL=100Q
AAA

R0=100 Q

Series branch Series branch Series branch Shunt brunch Series branch

Simplified T(ST)-type Attenuator T-type Attenuator with Cp II-type Attenuator with Cp
with Cp
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(1) Capacitive Compensation (Cp)
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(2) Further Optimization of Phase Error (Kp)

Phase difference with different values of Kp
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B2 IMS  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
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Improvement
Distortion analysis of T/II-type Attenuator in reference state
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o0 IMS Cascading Order for Linearity
Improvement

- 1.5dB IP1dB improvement by optimizing the order of attenuation units
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* 40nm CMOS
* 0.54X0.23 mm?(core)

* On wafer test using a
probe station
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* [nsertion Loss: -8.5dB ~-9.5dB
 RMS attenuation error <0.23dB RMS phase error <5.6°
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G0IMS  Measurement Results
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* Input/Output Return Loss: <-10dB
e [P1dB: >11.2dBm
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esonvens P@FfOrMance Comparison
JSSC'18[3] | TCAS-'20[4] RFIC’17 [5] IMS’20 [6] This work
Process 0.1-3|Jm 65nm 65nm 55nm 40nm
SiGe CMOS CMOS CMOS 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
i“ﬂir;gzzf 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(mm?2) 0.14 0.21 N/A 0.054 0.124
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* 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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