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The Need

Smart cards, Wearable Electronic, Flexible displays,
Medical and Cosmetic Transdermal Patches...

Smart Clothing

Energy Harvesters

Piezoelectric
Harvester




Electronic Drug Delivery
Transdermal Patches

Introduces ionic medicinal compounds into the body
through the skin by applying local tiny electric current to
promote flow of the drug.
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Bendable Electronics
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Flexible Battery Requirements

Thin pouch cells — < 1mm thickness
Flexible - Rolled up, Twisted, Bent
Reasonable Energy &Power density
Long service & Shelf life for primary
Good cycle life for rechargeable
Wide operating temperatures

Good safety
Low cost

Thin battery

with

Bending flexibility




Flexible Battery Technology

Anode, Cathode and Separator need to be flexible

One approach is to use polymer binders to fabricate
composite electrodes where conductive additives are
added to enhance their conductivity

Electrode materials can be printed or coated onto
flexible substrates

Flexible pouch packaging is Mandatory to maintain
bendability

Others approaches include the filtering of electrode
suspension through filters to form free-standing films,
or use flexible matrix to hold electrode materials

expectation




Li-lon Cell & Flexing Effect

o Effects of Flexing
Graphite Tensile Stress Electrode Crack
St
Separator Compressive
Stress
Lithium Cobalt Flexing of Battery
Oxide Tension
Current
SS Foll Collector

Separator— -

Lithium Cobalt Oxide (LCO) - Graphite - 4.2V
Active Area = 4.0 inch?, Capacity = 50 mAh —
Thickness = 160um (+200um packaging) Collactor

Battery Flexibility — No formal definition

We define it as number of dynamic bending from flat to
20mm in radius wit n capacity degradation



Flexible Thin-Film Lithium Cells
| cymbet | P |STMicro| | FET _

Capacity 50 pAh 1 mAh 700 pAh 10 mAh  0.1-28 mAh

Voltage 3.8V 3.9V 3.9V 3.9V 3.9V
Area 1.7x2.25 25.4x25.4 25.4x25.4 100x100 52x22
) C
Total 175 um 170 um 2000 pm 200 pm  50-200 pm
thickness
Cycle life 5000 1000 4000 7000+ 3000
LCO 1.9 um 2.2 um 1.6 um 2.0um  5-50 um
'( '}-’) ‘Q-:/CZMBET
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BIAM - Beijing Institute of Aeronautical Materials
FET — Front Edge
IPS — Infinite Power Solutions



Amo Green Tech

A B‘reakthrough in Flexible Lithium-lon
Batteries will make the Foldable
Smartphone Category a Reality

Lightbulb shown to function after battenzis

Amo Greentech

Flexible batteries that operate normally even when they are cut with a scissor or folded in 180° or
twisted excessively have been released. Their applications are infinite as they can be applied to
wearable devices, Smart watches, AR (Augmented Reality) and VR (Virtual Reality) devices, and

http://www.amogreentech.com/  jieless headsets



Amte Power
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The cell market demands flexibility in design and chemistry, AMTE
has focused on supporting niche customers who want to develop
and build solutions where standard cell options fail to deliver
against their business design objectives.

The forecast demand for cells production, will see delivery
shortages as Automotive and Energy storage markets develop.
AMTE can supply its customers with bespoke solutions eliminating
the need to accept second best in cell choice.

5/2019 In a meeting with the company they
confirm manufacturing of li-ion flexible pouch cells
for the consumer market base on Qinetiq IP.

http://www.amtepower.com/
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BattFlex Technologies, Inc. (BFT) is an innovative, advanced, and flexible lithium ion battery company, with unique nanofiber and graphene
technology. This technology can provide unprecedented flexibility of high-capacity lithium ion batteries for use in lighter, thinner, and bendable devices,
such as smart watches, flexible cellphones, and medical devices. BFT has finished its first generation prototype development, and is expecting
significant revenue growth in 2017.

BattFlex Technologies's compelling value proposition is a new patented method to make high-capacity and flexible electrodes that provide lighter
weight and better flexibility in batteries, allowing them to be repeatedly bent, while being 20-25% lighter and thinner than the existing, thus providing
exceptional capability to make lighter, thinner, and bendable devices for the consumer.

BFT has received tremendous recognition from the industry and the government. The company has received over $250,000 in seed funding from
The People's Republic of China, and the founding team has been awarded and recognized as an Overseas Chinese Elites and Distinguished Experts.
The first generation prototype was successfully developed and released in China December 2015, where it was placed and tested in the wearable
device market.

The next phase would consist of developing flexible cellphones and individual soldier fighting-systems using BFT's flexible high-capacity lithium ion
batteries, where demands for flexibility and higher energy density are paramount.

Once the battery is fully qualified it would then be available to the wearable device companies.

BFT has quoted over 1 million units in annual sales and is working with top name OLED manufacturers to develop flexible cellphones.

http://www.battflex.com/
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ENERGY SYSTEMS

Flexible solid-state Li-ion battery is goal of
15-month collaborative project

February 09, 2017 // By Nick Flaherty

0 Comments

A $1.5m collaborative project is set to develop and produce a
flexible, solid-state lithium battery that is just 0.25mm thick by
integrating an ultra-thin flexible ceramic substrate.

The FlexTech consortium, set up by the global SEMI semiconductor
industry association, is working with ITN Energy Systems ( Littleton,
CO) on the 15-month project to produce a 500mAh cell no larger
than 50 x 27 mm and just 0.25mm thick (2" x 3" x 0.01"). The unique
ceramic substrate is produced by ENrG of Buffalo, NY, which
licenses the technology from Corning.

ITN Energy Systems """

“This work will break new ground in flexible battery development and
address the many challenges associated with this area,’

said Melissa Grupen-Shemansky, chief technology officer

for FlexTech | SEMI. “This technology is one of the most promising
for multi-cell packages and infinitely-expandable battery
components.”

This type of battery is widely sought by developers of flexible
electronic printed devices, such as wearable and medical

devices. This thin-film approach to lithium batteries eliminates the
liquid electrolytes which are part of the typical lithium-ion product,
and has caused difficulties with heat dissipation and reliability of
some products on the market.

The benefits of placing these batteries on ceramic substrates
include low water and oxygen transmission without adding
packaging material, cost or thickness. An important part of the
project is selecting a sealing material based on compatibility with
the assembly process and the ultimate performance of the battery.

“We look forward to working with FlexTech and the FlexTech
Technical Council in developing this new approach to flexible power
supplies which promises up to 10x the capacity with one-half the
thickness of products currently in the market,” said Brian Berland,
chief science officer for ITN Energy Systems. “Once completed, we
believe that rapid market adoption of this product is highly likely,
since power availability and management is a significant bottleneck
to many innovative FHE products.”



ehax

High Capacity

Jenax’s flexible battery is agile in form and shape, allowing it to conform

Flexible Batteries

into any application that is curved, bent, or even crumpled while
presenting high performance.

Safety

Not only is the product safe, |enax's flexible battery also offers possible
applications that can ensure safety in our daily lives.

Durability

Built to withstand extreme conditions of heat and cold. A battery built to
last longer than standard batteries.

=r
it
=r

XVN

Flexible Lithium Polymer Battery
JeELEX

Technologies with new form factors, wearables, and future
devices cannot be achieved with traditonal batteries. J.Flex,
an innovative flexbile battery by Jenax, meets these
challenges by freeing design limitations without sacrificing
power.
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http://jenaxinc.com/product/batteries/



1. FLEXIBILITY

1.Flex can be bent or rolled to enhance the flexibility of next generation devices. From IT to healthcare and fashion, J.Flex supports a
range of industries that are using advanced technologies to add new design, comfort, and efficiency to their devices.

The test below tracks the charge and discharge performance of batteries in two different states:

1. Non-bending

2. Dynamic bending {10,000 bends from flat to 20mm in radius)
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Lionrock Batteries

We believe the future trends of
battery for wearables is about
Customization.

- ULTRA-THIN (<2MM)

- FLEXIBLE, BENDABLE, TWISTABLE
- ENHANCED ENERGY DENSITY

- SAFETY

- CUSTOMIZABLE FORM FACTOR

- PATENT PENDING

lionroch

batterias

https://lionrockbatteries.com/



Road to Industrialize n/on\m?u

battaries

2017
» Established Lionrock Batteries in Hong Kong

2018 S5

» Set up Sample Line in Hong Kong -

A member of Incu-tech Programme,
Hong Kong Science & Technology Park

* Manufacture standard samples for
customer initial trials

* Provide customized samples for specific
application evaluation




Panasonic

Fortunately, Panasonic is moving us a step closer to the dream of a bendable phone with
its new flexible lithium-ion batteries. While still in the early stages, the batteries are 0.55-
millimeters thick, with a bendable radius of 25mm, and maximum twist angle of up to 25
degrees. More importantly, Panasonic’s batteries can withstand these deformations without
affecting the battery’s ability to maintain a charge, something that's currently a problem with
reqular lithium-ion batteries.

Currently, the batteries can only hold between

17.5 mAh (for the smallest size) to 60 mAh (for MASS'PRODUCED
the largest) of charge — for reference, the DEVICES ARE STILL A

IPhone 7 has a 1,960 mAh battery — meanin

)
that for now they're mostly useful for lower LONG WA VA WA y

power devices, like smart cards or clothing.

And even those applications in mass-produced devices are still a long way away. But
Panasonic has said that it intends to continue to develop the technology, and who knows?
Maybe one day you'll be able to fold up your phone or tablet like you do a newspaper.



1) Very thin rechargeable battery with high flexibility.

— Easy to bend repeatedly and keep the capacity retention.

2) Ideal for body-attached devices.

3) Excellent safety and reliability.

— No fire or explosion from high temperature.

Comfortable and easy to move when wearing devices.

Dimensions
+

B

39.0mm (Max.)

Thickness
(Max.)
:0.45mm

28.5mm (Max.)

Outlook: Flexible Lilon batteries

Product Name

Flexible Lithium-ion Battery

Part number

CG-062939

CG-063555

CG-064065

Size (Max.) ™

28.5mm x 39.0mm

35.0mm x 55.0mm

40.0mm x 65.0mm

Twisting Angle (Max.) @

Weight Approx 0.79 Approx 1.4g Approx 1.9g
Thickness (Max.) 0.55mm
Nominal Capacity 17.5mAh 40mAh 60mAh
Nominal Voltage 3.8V
Maximum Charging 4.35V
Voltage
Maximum Charging 17.5mA (1C) 40mA (1C) 60mA (1C)
Current
R25mm
Bending Radius (Max.) "®
+25°/100mm

+*5 Except tab length
+*6 Measured by Panasonic original test

Panasonic Automotive & Industrial Systems Europe (PAISEU)

Panasonic



Prologium

Wearable

Smart Glasses/ LED Hat/ LED Jacket
Lighting Gloves/ Smart Watch
Lighting Armband/ Heating Shoes

Tubular Type

Electrical Cigarettes/ Pens
Bluetooth Headset
Smart Glasses

|OT

Active RFID/ Smart Card/ Functional Card
Logistic sensor/ Recorder
MEMS/ Smart Home

l Prol.og?um
PP ————

IR FRLLS)
| Prooghim Tachnolegy CO LTDS




Lithium Ceramic Battery LCB (Lithium Ceramic
Battery)

It is the world's first lithium battery using "solid ceramic electrolyte”. Unlike
liquid / liguid electrolyte used in conventional polymer lithium batteries and
PE / PP polymer isolation layer technology in an anode, we can use
conventional pressure type solid ceramic electrolyte, It replaced it from
liquid. Therefore, there is no worry of leakage and we do not use combustible
substances. Since the anode is also using a solid electrolyte, it is not
compressed as it is, so short-circuiting by contact does not occur. The LCB
will not short-circuit when it is used properly, various tests such as human
intentional destruction, physical destruction and electrical destruction are

performed.
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Because solid ceramic electrolyte has high heat resistance, it brings good chemical stability to LCB solid lithium ceramic battery, there is no worry of melting

and dissolving; heat can not be controlled (explosion) even at high temperature of 350 * C Salt precipitation phenomenon due to low temperature does not

occur; It is possible to continue to operate even at high temperatures of 200 to 260 degrees within 3 to 10 seconds. (With conventional polymer lithium

batteries, it melts and dissolves at 120 to 150 degrees Celsius; it can not withstand high temperatures; it causes salt precipitation phenomenon at low

temperature). Therefore, the solid-state lithium-ceramic battery LCB is very safe, even if the LCB ignites even if it is shocked by an external force, folded in a

completely crushed form, stabbed, or it is ovened for 5 hours at 250 degrees There is nothing to do or explode. Generally, lithium ion batteries are always

"protected by electronic circuits”, and it is possible to prevent damage due to the fact that no current flows when the voltage falls below 2.5 V, We are

preventing 4.2 V / 4 .35 V and battery explosion due to excessive voltage. However, LCB solid-state lithium-ceramic battery is overcharged with direct current

of 6 V to 32 V in the state without protection by electronic circuit, or ignited and exploded even if overcharged directly with city current 110 V to 220 V AC

There is no room for doubt as to anything like this, for safety reasons.



Samsung




Flexible Battery Approaches SHWSuNG

Packaging Thin Form Factor

Unique internal packaging w Thin and/or few layers
SAIT
. EN ) PSmsun o

Segmented Other Structures

15 113
1§
12 .===== !LD

2 s ::I..;:L-.:.L: 13

l’.l 0.' 0.'0.'0‘"

) P sunad M\ MW
US Patent Appl. 2014/0363702 U d u w U




LMS’
ULSAM NATIONAL IKSTITUTE OF
SCIENCE AND TECHNOLOGY

Research trend in LIB

v Unit Length : mAh cm™! v Folding : 0 — 180°
v Unit Area : mAh cm™ v" Bending numbers

/ Adv. Energy Mater. 2015, 5

T T
1 4

H 3
Capacity (mah)
Nano Lett. 2015, 15, 2350.

R v' Cable
Y CNT B Thin film
v' Carbon cloth /,/ v Painting
7
v' Graphene = v’ Stretchable
v' Solid electrolyte
4

— (©)
J. Mater. Chem. J. Mater. Chem. Nanoscale Sci. Rep. 2015 Adv. Mater. Nat. Commun.
A2015,3, A2015,3, 2015, 7, 7065. 5,10988. 2015, 27, 2472. 2013, 4,1543.

14108. 15394.



STMicroelectronics

Introduction to EnFilm™ solid state thin film battery

DIFFERENTIATORS:
» Ultra Thin : 160um thick for a single cell

'- + Shapeable: versatile form factor

1t6 sgapeable cells Robust: Extended storage and cycle life time
stac ; — ' :

Safe: No burning , no explosion

v'Rechargeable;

v Full solid state ;

v Combine benefit of capacitors & batteries;

v'Flat discharge curve 6 min
v'Fast Recharge recharge M
demonstrated! ROHS
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Summary

Several companies developing lithium rechargeable and
Primary flexible batteries

The market is here and will to pay for flexability
Technology is still under development

We can expect first mass production in arange of 2-5
years from now

More detalls in our flexible li-ion battery market report
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Information in this report was obtained by:
Public web sources.

2. Shmuel De-Leon Battery/Energy Sources DataBase ® (Includes
30,000 cell PDF data sheets).

3. Shmuel De-Leon Batteries & Fuel Cells Seminar ® presentations.
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