
1

2007

Bringing Robustness and Power Efficiency to Autonomous Energy Harvesting Microsystems Jean-Frédéric CHRISTMANN       05/05/2010

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein

is prohibited without the prior written consent of CEA

�������� ���	
���

 
���������
���������� ����	������	
 ������
�
���
���� �����
�
���


Jean-Frédéric Christmann,
Edith Beigné, Cyril Condemine, Nicolas Leblond, 
Pascal Vivet, Guy Waltisperger, Jérôme Willemin



2

2007

Bringing Robustness and Power Efficiency to Autonomous Energy Harvesting Microsystems Jean-Frédéric CHRISTMANN       05/05/2010

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein

is prohibited without the prior written consent of CEA

Microsystem proposal: Managy
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Solar, thermal as 
well as vibratory

energy harvesting
µbattery, battery coin

Temperature, 
Pressure, 
Acceleration …

RF (RFID, Zigbee), 
UWB, …
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Asynchronous Controller
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Application examples

� Health-care (ECG,EMG,EEG)
� Monitoring

� Buildings
� Vehicles
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A multi-applicative microsystem

� Adaptability
� Combination of several sources
� Advanced energy management

� Reconfigurability
� Environment aware
� Reaction to physical events

� Robustness
� Low amount of harvested energy
� Long life time
� Efficient energy harvesting
� Smart storing policy
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Outline

� Microsystem proposal : Managy
� Application examples
� Main objectives
� Managy, an autonomous Wireless Sensor Node

� Architecture
� Behavioral example
� An Energy/Event-driven architecture

� Asynchronous controller
� Motivations for asynchronous logic
� Energy/Event-driven control
� Architecture

� System/Controller interfaces
� Voltage threshold detection example
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Power path management

CONTROLLER
- Power management
- Sensor management
- Comm management

External Loads
Communication (RF)

C.O.T.S.

Energy harvesters
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Battery

Internal Loads
ADC SAR
ADC  !
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Gain up to 40%
vs.

Single Power
Path Architecture
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Detailed architecture: a behavioral example

Energy harvesters
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DIRECT PATH

Active Diode

DC/DC
Boost
cap.

• Thermal and solar energy available
• Low Voltage capacitors fullfilled
• Core blocks turned on
• High Voltage capacitors fullfilled
• Voltage threshold detection
• Battery charging
• Sensor supplied with TEG
• Thermal energy disappears
• Voltage threshold detection
• Switches on PV power path
(before TEG LDO shuts down)

Power path reconfiguration � Energy-aware Power Supply
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Managy : an Energy/Event-driven architecture

� Two main goals
� Optimize the system power efficiency
� Reduce the overall system power consumption

� A dual power path architecture
� Energy-aware configuration
� Energy-driven reconfiguration

� An Energy/Event-driven behavior
� Voltage thresholds � Energy events
� Wake-up sensors � Physical events
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Outline

� Microsystem proposal : Managy
� Application examples
� Main objectives
� Managy, an autonomous Wireless Sensor Node

� Architecture
� Behavioral example
� An event-driven architecture

� Asynchronous controller
� Motivations for asynchronous logic
� Energy-driven control
� Architecture

� System/Controller interfaces
� Voltage threshold detection example
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Motivations for asynchronous logic

� Autonomous microsystems main constraints
� Unpredictable environmental changes � Event-driven

behavior
� Small amounts of energy � Reduced consumption

� Asynchronous QDI Logic
� Automatic sleep mode

� Distributed activity

� Robust to variable supply voltage level

No additional circuitry Time independant

Smooth current profile Lower electromagnetic emissions

Low supply voltage Reduced power supply constraints
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Energy driven control

� Priorities between sources
� Due to direct power path high efficiency

� Guarantee the power supply
� Thanks to energy levels

� Battery SoC
� Capacitor’s voltage

� Energy-driven FSM
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Controller Architecture

Charge Manager

• Capacitors

• Battery

Charge Manager

ADC/Sensor interface

• ToDo Flag

• Clean supply flag

ADC/Sensor

Power Path
Manager

• ToDo flag

• Running tasks
knowledge

Power Path Manager

Energy event detectors

• Notification sending

• Power path reconfiguration

Energy event detectors Core

• Application 
schedule
• Initialization

Core

Analog

Asynchronous



13

2007

Bringing Robustness and Power Efficiency to Autonomous Energy Harvesting Microsystems Jean-Frédéric CHRISTMANN       05/05/2010

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein

is prohibited without the prior written consent of CEA

Outline

� Microsystem proposal : Managy
� Application examples
� Main objectives
� Managy, an autonomous Wireless Sensor Node

� Architecture
� Behavioral example
� An event-driven architecture

� Asynchronous controller
� Motivations for asynchronous logic
� Energy-driven control
� Architecture

� System/Controller interfaces
� Voltage threshold detection example
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Analog

Asynchronous

Event type channel
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System/Controller interfaces

� Conventional interfaces
� Edge detection on analog signals

(e.g. comparator’s output)

� 2 rails / 4 phases

� Improved design
� Automatic Return to 0
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Voltage threshold detection example
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� Cosimulation
� Matlab: Analog behavior
� Modelsim: Digital control

� Various scenarios

Energy Event

Token
Generation
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Conclusion and future work

� A Multi-source and Multi-sensor Wireless Sensor Node
Architecture

� Robustness
� Autonomy
� Power efficiency

� Two power pathes
� Asynchronous controller for Power Management

� Event-driven behavior
� Automatic sleeping mode
� Smooth current profile

� Future work
� Physical implementation and Silicon results
� Communicating device integration
� Multi-applicative test-bench
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