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Introduction

➢Progress of Wearable Applications
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Introduction

➢Comparison between silicon and flexible technologies 

Traditional Silicon 

IC

High Performance/Reliability; Small Variation

Poor Wearability; Limited Functionality; High Cost

Emerging Flexible 

Electronics

Great Wearability; Diverse Functionality; Low Cost

Low Performance/Reliability; Large Variation

Flexible Hybrid Electronics(FHE) = Flexible Electronics +Silicon IC
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Introduction

➢Advantages and challenges of FHE system  

Challenges:
• Lack of standardized evaluation framework

• Fair comparison between various flexible 

technologies

Unified Evaluation Framework for Flexible 

Hybrid Electronics(FHE)
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➢AutoFlex: Design Automation Flow for Flexible Hybrid Electronics

Unified Evaluation Framework for Flexible Hybrid Electronics
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Unified Evaluation Framework for Flexible Hybrid Electronics

➢AutoFlex Code Structure

►Inputs
• Key parameters of flexible transistor

• Netlists of standard cell library

• Evaluation benchmarks

• Environmental settings of working 

conditions and EDA tools

►Outputs
• Leakage power

• Dynamic power

• Maximum frequency

• Minimum chip area 
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https://github.com/mtl2236/AutoFlex



Charge Drift Model

ISD

G

SD
RD

RS

CGD
CGS

Traditional CMOS Model: Linear Region

Unified Compact Model

Mobility Degeneration

Mobility Enhancement

Ref: L. Shao et al, DATE, 2018, (Best Paper Award Nominations) DOI: 10.23919/DATE.2018.8342058

Unified Evaluation Framework for Flexible Hybrid Electronics

10

➢Unified Compact Model for Various Flexible Devices

https://doi.org/10.23919/DATE.2018.8342058


➢Unified Compact Model for Various Flexible Devices

CNT TFT Organic TFT IGZO TFT

Unified Evaluation Framework for Flexible Hybrid Electronics

11Ref: L. Shao et al, DATE, 2018, (Best Paper Award Nominations) DOI: 10.23919/DATE.2018.8342058

https://doi.org/10.23919/DATE.2018.8342058
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➢Circuit Topology Comparisons

Quantitative Studies for Flexible Technologies

Minimum transition time

Minimum output voltage loss

13

CMOS structure has absolute advantages in 

reducing leakage power 

VS

CMOS



Key parameters of flexible technologies 

extracted from published data

Flexible standard cell library

➢Parameters Extraction And Standard Cell Library Characterization

Quantitative Studies for Flexible Technologies
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Silicon
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Quantitative Studies for Flexible Technologies

➢Transistor Level Evaluations

Config.1: same VDD and Vth Config.2: same VDD and 

variable Vth to get same Ioff

Config3: variable VDD and 

Vth to get same Ion
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➢System Level Power And Performance Evaluations

High mobility and 

low SS device

Low working 

voltage

Reducing dynamic and 

leakage power

Minimum leakage power Minimum dynamic power
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Quantitative Studies for Flexible Technologies



Similar leakage power as silicon 

designs by adjustment of Vth

Large difference in dynamic 

power because of difference in 

gate capacitance and parasitics
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➢System Level Power And Performance Evaluations

Quantitative Studies for Flexible Technologies
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System Demonstrations of Flexible Hybrid Electronics

DecoderEncoder

Sampled Data Reconstruction

M
U

X

A
D
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Silicon SoCFlexible Circuits

Control Signal

➢Structure of Demonstration

Ref: L. Shao et al, DAC, 2020, DOI: 10.1109/DAC18072.2020.9218570

https://doi.org/10.1109/DAC18072.2020.9218570


System Demonstrations of Flexible Hybrid Electronics

Active Matrix 

Sensor Array

Transimpedance

Amplifier

Silicon Analog-to-

Digital Converter
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➢Details of Demonstration

Ref: L. Shao et al, DAC, 2020, DOI: 10.1109/DAC18072.2020.9218570

https://doi.org/10.1109/DAC18072.2020.9218570
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Process design kit for flexible hybrid electronics

Ref: L. Shao et al, ASP-DAC, 2018, DOI: 10.1109/ASPDAC.2018.8297396

https://doi.org/10.1109/ASPDAC.2018.8297396


Conclusion And Future Work

➢Contributions

➢Future Work

Unified evaluation framework for flexible hybrid Electronics

Quantitative studies for flexible technologies 

System demonstration of flexible hybrid electronics 

Power and signal integrity analysis of FHE system 

Make “AutoFlex” adapt to more open-sourced EDA tools

Physical on-chip validation about the simulation result
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https://github.com/mtl2236/AutoFlex
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