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‘ Power supply: batteries

Conventional Power supply:

Lithium ion battery (LiB)

Super capacitor




‘ Think about the batteries

»Lifetime: replace, charge ...
»Size
» Flexibility

»Environment issues: pollution, recycle, ...



‘ Micro energy for wearable electronics

Solutions:

® Get energies from the environment --- Battery life
€ Microminiaturization
& flexible

composition of micro energy system for wearable electronics

Power

management




‘ Micro energy for wearable electronics

Power generator:
» Solar powered well-clock

Solar cells


http://www.amazon.co.jp/SEIKO-CLOCK-%E3%82%BB%E3%82%A4%E3%82%B3%E3%83%BC%E3%82%AF%E3%83%AD%E3%83%83%E3%82%AF-%E3%83%8F%E3%82%A4%E3%83%96%E3%83%AA%E3%83%83%E3%83%89%E3%82%BD%E3%83%BC%E3%83%A9%E3%83%BC%E9%9B%BB%E6%B3%A2%E6%8E%9B%E6%99%82%E8%A8%88-SF241B/dp/B00CPIYNPS/ref=sr_1_1?s=watch&ie=UTF8&qid=1439338249&sr=1-1&keywords=%E5%A3%81%E6%8E%9B%E3%81%91%E3%82%BD%E3%83%BC%E3%83%A9%E6%99%82%E8%A8%88
http://www.amazon.co.jp/CITIZEN-%E3%82%A8%E3%82%B3%E3%83%A9%E3%82%A4%E3%83%95M807-%E3%82%BD%E3%83%BC%E3%83%A9%E3%83%BC%E9%9B%BB%E6%BA%90-%E3%82%A8%E3%82%B3%E3%83%9E%E3%83%BC%E3%82%AF%E5%95%86%E5%93%81-4MY807-023/dp/B003CT4K8E/ref=sr_1_2?s=watch&ie=UTF8&qid=1439338249&sr=1-2&keywords=%E5%A3%81%E6%8E%9B%E3%81%91%E3%82%BD%E3%83%BC%E3%83%A9%E6%99%82%E8%A8%88

Solar powered watches
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‘ Micro energy for wearable electronics

»Thermoelectric generator

Weight: 0.13g/cm?
Size: 10cm X 10cm
Power: 40mW

KAST flexible thermoelectric generator



‘ Micro energy for wearable electronics

»piezoelectric generator
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Measurement Specialties piezoelectric generator



‘ Micro energy for wearable electronics

»Wireless charging
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B Micro energy for wearable electronics

Comparation of wireless charging technology

Wireless Charging
Technologies

Advantages

Shortages

Electromagnetic
Induction

simple principle, easy
fabrication

limited transmitting range

Magnetic resonance

long transmitting range,
high efficiency

difficult to make frequency
modulation

Light / Laser

long transmitting range

easy to be blocked

Wifi

charging anywhere

difficult to locate charging
objects, energy dissipation




‘ Micro energy for wearable electronics

Selection of micro energy

Characteristics

. Outdoors 100 mW/cm?
Light
Indoors 100 uW/cm?
Human body 60 uW/cm?
Thermal
Industry 1~100 mW/cm?
L Hz - Human body ~4 uW/cm3
Vibration :
kHz - Machine ~800 uW/cm?
GSM 900MHz 0.1 uwW/cm?
RF -
Wifi 0.001 uW/cm?
Watch LCD clock headphone Smart phone

~5uwW ~500uW ~40mW ~1IwW
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‘ Micro energy for wearable electronics

Power management circuits

»Ultra low power
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Suppliers ICs
Tl bg25505 , bg25504 , TPS62704 , TPS61202
Linear LTC3108, LTC3105
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‘ Micro energy for wearable electronics

Power storage devices
»high-capacity, Small size, flexible

®Solid cells Sakti3 sample
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‘ Micro energy for wearable electronics

®Flexible micromation super capacitor

»Fiber type supercapacitor

Lithium ion battery

L MmO, nanoparticle
I—O PAWCNT fibar

Fiber Polymer gel

o/ electrolyte Fabricated by a

pair fiber with
power density of
6.3uWh/mm3

Polymer Substrate
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‘ Micro energy for wearable electronics

»Graphene-based planar micro-supercapacitors
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‘ Approaches at SITRI

Thin, pseudo-flexible, high-efficiency HIT solar cell in SIMIT

Date : 2015/2/20
I—V CURVE
Type: 125 thick
JIS C 8913(2005) / IEC60904—1 157.0cm? (total area) YSS—200AA
(#) includes back side cell efficiency. Sample No.: SIMIT—125-thick—1
7 7
Repeat Times.: 10
CURRENT
6 ¢ 16 Isc 5.89 [A]
Voc 0.732 [V]
5 Voc=732 mV 1 = Pmax 3.45 W]
= 2
2 J=37.5 mA/cm s tomax 554 [A)
E — 0, 4 =
s 4 FF=80.2% ‘g e os24 1
[asd - 0,
% Eff 22.0% 8 F.F. 80.2 [%]
S 3 1 3
| EFf.(T) (%) 22.0 [%]
POWER M.Temp 25.0 [°C]
2 r 1 2
D Irr. 100.0 [mW/cm?]
; ; M Irr. 99.5 [mW/cm?]
Ref. Device No.
JETp-CO1W
‘ : 5 Cal. Val. Of Ref.
o 0 123.21 [mA at 100mW/cm’]
0 0.2 04 0.6 08 Sodn Wiade

VOLTAGE (V) Isc to Voc




‘ Flexible (paper) battery

Protective Coating .,

Cathode
Current
Collector =

AnodorCurrent

Collector




‘ Integration of micro energy system

»Combination of thin film solar cell and thin film battery

|/\/| Sazssszassm
Power generators Power
management

ERRIH

Thin film battery
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Angew. Chem. Int. Ed.2014, 53, 6110




‘ Conclusion

Challenges:

® High efficiency power generator

® ULP power management circuits

® High performance power storage system

® Size of energy collection system (portable,
micromation, integration)

® Cost



