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IoT enablers concerning Energy
2

IoT

Home automation / security:
 Long life time ( 10years)
 Thickness <<1mm

Industrial / process monitoring:
 Long Life time ( 10+years)
 ROI versus use case

Body are network:
 Thickness
 Differentiated  

form factor
 Tangible value 

creation

Tracking /sensing:
 Thickness <<1mm
 Fast Recharge



EnFilm™ : Something more than a battery for IoT
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Full solid state ;

Rechargeable

Combine benefit of capacitors & batteries;
Flat discharge curve
Fast Recharge

DIFFERENTIATORS:

• Stackable: Increase the capacity  

• Robust: Extended storage  and cycle life time

• Safe: No burning , no explosion

• Easy to use : Constant voltage charging

• Thin and shapeable: 220µm thick for a single cell 
versatile form factor possible



EFL700A39: first commercial product from the 

EnFilm™ family 4

Parameter EFL700A39 

Capacity 700µAh

Cycling voltage 4.2~ 3.0V

Resistance 100W @30°C

Capacity loss 20% over 10 years (2)

Cycle life 4000 (1)

Operating T° -20°C to +60°C

Footprint 25.7 x 25.7mm²

Thickness 0,22mm

Flexibility Compliant to IEC10373

Other std UL, RoHS , REACH

(1) : 80% of  initial capacity . Cycle between 75%SoC and 
0%SoC. 

(2) : 50% SoC , 25°C

Discharge curve:

Charge curve:

Full recharge in less than 30min



Storage and cycle life Model  
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Storage Cycling

(70%SoC)

(0% SoC)

0% SoC - 70% SoC

70%SoC

../../WLR GSLT/Copy of eb1336 GSLT EnFilm _ Lifetime Prediction Tool with C vs SoC.xlsx
../../WLR GSLT/Copy of eb1336 GSLT EnFilm _ Lifetime Prediction Tool with C vs SoC.xlsx


Stacked EnFilm™ 6

 Parallel connection:

 Scale up the embedded capacity; 

 Increase drain current capability;

 Serial Connection:

 Increase voltage;

Interposer to make easier interconnection 

Stacked EnFilm™  Cell 

Conceptual drawings



Mechanical Flexibility

• Compliance test to ISO7816 / ISO10373 standard ( mechanical flexibility of smartcard)

• Type test :
• 1000 Flexions

• 1000 Torsions

• EnFilm EFL700 poisitioned at two differen location on the card:

• Outcomes : Check battery integrity : Capacity, resistance

• Test bench : 
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Deflection range: 
2mm-20mm along length axis ( 2x 250 flx)
1mm -10mm along width axis ( 2 x 250 flx)

Dynamic Flexions: Dynamic Torsions:

Torsions angle : 15°
Frequency :0.5Hz

../../programmes financés/CAPI/SP4/test flexion 1.MP4
../../programmes financés/CAPI/SP4/test flexion 1.MP4


Make the battery conforms to  the design!

(Pictures are proof of concept only)  

Prismatic stack :20mAh 15x15x1.3mm:

Coin :12.5mAh – 7.75mm diam /5.3mm thick

Narrow band: 0,6mAh :25,4 x 6 x 0,15mm:

Stack double face

Square : 700µAh – 25,4 x 25,4 x 0,22mm



EnFilm ™ Batteries Super Cap

Thickness -220µm for a  single 
cell
-Up to 1mm for a stack

>=2mm >=2mm

Capacity loss
(Non recoverable)

20% in 10 years n/c n/c

Charge loss/ leakage
current

#3nA >= 3µA

Discharge curve Flat Flat Linear slope

Specified
Charge/Discharge cycle

up to 4000  From 300 to 1000 max Over 500 000

Charge method
(Time)

Constant voltage
(30min) 

Constant voltage / 
constant current

(1h to 1h30 )

constant voltage
(Very fast ) 

Pulse drive current Above 10C 5C max No limit

Energy density 20Wh/l 200 to 400Wh/l <3Wh/l

Shapeable Yes No No

Storage technologies alternatives: Super cap and batteries 
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EnFilm™ : Best Trade Off

Best  Middle Worst



Application for  EFL700A39   

• Application where the EFL700 differentiators can be « € valued » in the 

device and a premium price can be justified: :

• Thickness ( 220 µm);

• Life time ( 10years / 4000 cycles);

• Safety; 

• Fast recharge

• Low leakage etc…

• Application where a primary power source is available ( Energy Harvesting) 

and   a back up energy  source is required to guarantee a continuous 

operation :
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EnFilm™
EFL700A39

EnFilm™
EFL700A39

(h)

€



Application examples

• World thinnest watch : Only 1mm thick thanks to the EFL700:

• Powered smartcard :  Two stacked EFL700 in a  750µm flexible card:

• Industrial : Power bus way temperature sensor  powered with tiny silicon 

Thermal Electrical Generator (TEG)  and the EFL700A39   
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Stack of 2 x EFL700

Autonomous T° sensor
With TEG and EFL700A39

Power bus way

Joined project with:

Joined project with:

https://www.dropbox.com/sh/rflos7apm7850hb/AADZPkBWnlyKQyY_ju91mdICa/High-Res Photos/02-CST_01_white_on hand_crop.jpg
https://www.dropbox.com/sh/rflos7apm7850hb/AADZPkBWnlyKQyY_ju91mdICa/High-Res Photos/02-CST_01_white_on hand_crop.jpg
http://www.ingenico.com/fr/
http://www.ingenico.com/fr/


Where to buy samples?
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Support Design  tool

• EFL700PMB : EFL700 power management board:

• Include the charge regulation and discharge protection  circuit;

• Pulsed discharge current management with a thin Super Cap ( Cellergy);

• Ready to use in the application ( direct USB charger  , Energy Harvesting  
and load connection);

• Current and voltage monitoring interface with the Load Board; 

• Price :$60

• EFL700EVALKIT:

• Complete demokit combining the EFL700PMB and a load board  to 
monitor the EnFilm™ voltage and current;

• Pulsed current emulation circuit is included in the load board and  allows 
to check   the behaviour of the EnFilm™ in pulsed current discharge 
condition;

• Price:$335
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EFL700PMB 

EFL700EVALKIT 



PEM: Perpetual Energy Module concept:

custom design can be developped on demand
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>100µW (300lux)
a-Si flexible PV panel 

700µAh (3.9V) EnFilm ( EFL700A39)  ULP Power management 
circuit :SPV1050

4
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m
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2 distribution channel
(1.8V and 3.3V).

Combine Energy harvesting , EnFilm and power management in a single module
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