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CMSE 2025: Planar Magnetics And Supercapacitors Offer Advances For Space

by David G. Morrison, Editor, How2Power.com

The Components for Military & Space Electronics (CMSE) conference addresses developments in components,
especially passives, as well as packaging & interconnects, and includes talks on reliability. In recent years,
heterogenous integration (HI) has become a popular topic here and at other conferences. One definition of HI is
“a device built using both electronic and non-electronic materials/parts,”t*] while others commonly use the term
to describe the combination of different semiconductor materials at the wafer levell!l or in a system-in-package
concept.t?l While the CMSE talks on HI have not focused on power electronics for the most part, others are
discussing it in this context, particularly with respect to processor power.[3:4]

In recent years, sourcing challenges have also been prominent at CMSE and there have been talks on
government programs to bolster the microelectronics supply chain as well as the workforce. With regard to
component availability, the role of COTS parts in military and space applications only seems to grow over time
and COTS is a regular topic of discussion at CMSE. For example, at this year's CMSE, which was held October
29-May 1t at the Renaissance Los Angeles Airport Hotel, Larry Harzstark of the Aerospace Corporation
presented a plenary titled, “Electronic Parts Standards: Past, Present and Future.”

In his talk Harzstark observed that “military/space parts are generations behind the commercial parts industry,”
so we “need to develop guidelines and practices for use of commercial technologies”. He added that “various
government and industry teams are working to develop information as to how to best use commercial
technologies”.

A copy of Harzstark’s very informative presentation with its history of Mil standards for electronic components
and discussion of chip manufacturing as it relates to these standards is available online.[5] Most timely is its
description of the developing standard, “"MIL-PRF-ATM (Advanced Technology Microcircuit), which is intended to
bring heterogeneous integrated (HI) components into the military specification (QML) arena.”

At the recent CMSE 2025, the attention to developments in capacitors and magnetics continued, with two topics
getting special attention in the program—planar magnetics and supercapacitors. Both areas are compelling for
military and space applications because of the requirements for components that can handle high power in
compact form factors.

While planars and supercaps are not new to these application areas, some designers may not be familiar with
their benefits, and the new materials and design styles that are emerging to further enhance their performance.
This article will present highlights from two talks on planar magnetics and two talks on supercaps (aka ultracaps
or electric double layer capacitors) that address the current advantages and recent developments in these
technologies relevant to space and military applications.

Planar Magnetics Offer Performance And Reliability

Planar magnetics have been around for decades. With their smaller size and weight, higher efficiency, better
manufacturability, and more repeatable characteristics versus wound power transformers and inductors, planar
magnetic components are especially attractive for military and space applications. This year, two of the
presentations at CMSE discussed the suitability and advantages of these components in the high-reliability
space and military applications.

In his talk, Jim Marinos of Payton Planar, a manufacturer of custom planar devices, explained “*“Why Planar
Magnetics are Ideal for Harsh Environments”.[®] In addition to the advantages noted above, Marinos cited some
additional characteristics beneficial for space.

One is their suitability for conduction cooling. Another is the existance of established screening requirements for
planar magnetics in EEE INST-002, Mil-Std-981 and Mil-STD-1580

Additionally, planars have an established track record in space. As Marinos noted, his company has produced

over 300 magnetic designs for space applications. These include designs that have passed partial discharge
testing up to 20 KVrms with detection rates to 1 pC.
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Elaborating on their simple construction, Marinos explained that they are built in layers, which makes
construction reliable and repeatable. This in turn makes it easier to control electrical parameters such as
leakage and capacitance than in a wound component. As an example, he showed a breakout of a planar
transformer developed for space (Fig. 1). Despite its multiple primary and secondary windings, its construction
is relatively simple with few components.

Simple Construction

SPACE MULTILAYER TRANSFORMER

Multilayer 14 layers

Muttilayer 14 layers

z

Fig. 1. Planar transformers feature simple construction.

With that as background, Marinos’ explored issues that determine component reliability. Managing thermals is
key. The magnetic must be designed to a maximum internal hotspot specification with the required cooling to
stay within that spec. This will ultimately determine MTBF in the targeted environment. Both cooling and
derating will be required to achieve the desired MTBF as calculated by the equation described in Fig. 2.

Proper derating and cooling is the key to the MTBF

Ap=Ab*nT*nQ*nE Failure Rate /10°6 Hours

Base Failure Rate for Transformer - Ab is 0.049 (F/10"6) for power over 300Watts.

Temperature Factor - T for a hot spot of 130C is 3.1

The Quality Factor - nQ for a MIL-SPEC type of transformer is 1

The Environment Factor - tE for GM is 12. =E can vary from 0.50 for SF (Space, Flight) to 610 for

CL (Cannon, Launch)

So the Ap for this transformer is 1.8 Total failures per million hours (FPMH)
The MTBF then will be 1/Ap = 555,000 Hours for a 130C hot spot transformer working in a Ground

Mobile environment. o

Fig. 2. Calculating MTBF for a planar transformer.
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Towards the end of his presentation, Marinos noted that there are a variety of factors that contribute to product
lifetime for planar magnetics in harsh environments. These include:

e Loss of inductance over time

e Failures of multilayer boards (laminates and prepregs due to Tg, Td, thermal and moisture effects)
e Failures of ferrite cores with MnZn

e Failures of ferrite glue

e Partial discharges.

Marinos also discussed some of the trends in requirements for capacitance and leakage inductance. As he
observed “"While in the past hard switching topologies inclined towards minimizing leakage inductance, today’s
more common LLC and DAB topologies tend to require specific leakage inductance values and minimizing of
primary to secondary capacitance, and distributed capacitance.” In terms of controlling leakage inductance by
design, he noted that “leakage inductance can be achieved in multiple ways by using integrated or separate
components, while capacitance requires tight control of winding type and insulation materials.” He added that
“the high repeatability [of planar magnetic components] is a result of keeping the parasitics controlled by
design.”

Obviously behind these broad guidelines, there are many details to be managed requiring experience with the
various materials and manufacturing processes used to build the components.

Marinos’ presentation also included examples of how a planar transformer design is tested to locate and fix
thermal problems (Fig. 3), and how a design is simulated in Ansys to check parameters such as flux
distribution, thermals, impedance and risk of PD (Fig. 4).

C_PPAYTON
PLANAR

InnovationeDesigne Performance

Real operating condition test system -
Example

Test example for no load operation to test cor
losses showing asymmetrical heating a few !
minutes after start of operation due to airgap
issues.

Following test, we have modified sample and
retested to see issue solved.

Adding cooling clasp to this sample
gave us the required temperature
rise stabilization as seen on the right

Fig. 3. Thermal testing of a planar magnetic sample from Payton Planar.
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Simulation verification of design - Ansys PAYTON

Innovation e Design e Performanc:

Integrated design flux distribution Thermal check

Impedance analysis

R | Z - Parameters

Fig. 4. Simulating a planar magnetic design in Ansys tools such as Maxwell.

He also noted Mil-Standard requirements for visual and radiographic inspection, and material analysis (to avoid
prohibited materials). Tables and a flow chart of a qualification plan for planar magnetics in his presentation
revealed the numerous mechanical and electrical tests required to meet Mil-Std-981 and Mil-STD-1580.
Example test setups and results for shock and vibration tests as well as life tests under load were shown. For
more information see the presentation!(®! or contact Jim Marinos.

While Marinos’ talk discussed the benefits of conventional planar magnetic components in harsh environments
such as those in space, and the design considerations to achieve the required reliability, another talk at CMSE
2025 described what can be achieved with a variation on planar magnetic design. In his presentation, Jackson
Sonterre of Vishay’s Inductors Division explored the “Benefits of a Hybrid Planar Transformer Package”.[”]
Rather than using pc-board traces that are encapsulated within the board, Vishay’s hybrid-style planar employs
magnet wire, foils or stampings encapsulated within a mineral-filled epoxy with the option of adding insulators
to increase electrical isolation. The slides below highlight the differences in construction (Figs. 5 and 6).

Hybrid Planar vs. Traditional Planar Style

Traditional Planar Style Hybrid Planar Style (Vishay’s SGTPL)

(Amaldeyv, 2023)

* Low profile core. * Low profile core.

* Wide, thin traces for windings. «  Utilizes thin, wide rectangular magnet

¢ Windings are encapsulated within the wire, foils, or stampings.
circuit board (FR4 laminate, insulating *  Windings are encapsulated with a mineral
layers, substrate layers. filled epoxy.

* Windings can be interleaved. * Insulators can be added between

windings for added dielectric strength.
* Windings can be interleaved.

Fig. 5. Comparing Vishay’s Hybrid planar with a traditional planar magnetic—different windings
and insulating materials are applied in the Hybrid planar.
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Hybrid Planar vs. Traditional Planar Style

Traditional Planar Style Hybrid Planar Style (Vishay’s SGTPL)
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(Amaldev, 2023)

Fig. 6. Comparing Vishay’s Hybrid planar with a traditional planar magnetic—cross sectional
views.

According to Sonterre, the company’s Hybrid planars offer a number of benefits over pc-board style planars.
First, they afford higher copper fill percentages, which leads to lower winding resistance and higher efficiency.
The components are also more easily customized without changing a component footprint or the pc board to
which its mounted.

There’s also greater flexibility in winding design without the limitations of pc board windings; higher levels of
dielectric strength can be achieved and solder joints are easily inspectable prior to encapsulation. Sonterre also
noted that certain tradeoffs and failure modes can be avoided such as etchback, solder fill, delamination, and
CTE issues with thicker boards.

In his presentation, Sonterre provided information on screening requirements for magnetic components
targeting space applications. These referenced Mil-Std-981 and EEE-INST-002, as did the talk by Marinos. They
also included ESCC 3201: European Space Components Coordination Generic Specification for Coils, RF and
Power, Fixed; MIL-PRF-27: Military Specification for power, audio and high-power pulse transformers and
inductors and AEC-Q200.

Additionally, Sonterre’s talk included a table of standard space screenings (listing the various tests and
inspections) offered by Vishay and a comparison of the relative costs and leadtimes associated with the
different offerings (from production screening all the way up to Mil-Std-981 class S, see Fig. 7.)

Vishay’s Space Screening Standard Offerings
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Fig. 7. Vishay offers a range of screening options for its planar devices.
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Sonterre prefaced his discussion on Hybrid planars and screening options with an introduction to the subject of
magnetics design. That began with a description of the benefits and constraints of transformer design at higher
frequencies (200 to 500 kHz) where planars tend to be advantageous and then outlined the importance and
impact of core material, core shape, and copper losses covering skin and proximity effects.

While these are the familiar topics in magnetics design, Sonterre also addressed the roles of vacuum
impregnation and encapsulation in providing environmental protection, dielectric strength, durability against
shock and vibration and the ability to dissipate heat. Another slide devoted to “Benefits of Planar Style Designs”
highlighted their lower losses with a graphical comparison of the losses for a planar and a wound transformer
illustrating the difference. This background information on magnetics/transformer design provided context for
the discussion on Hybrid planars.

For more information, see the presentation,[’] contact Jackson Sonterre.

Supercaps Pursue Better Performance Over Temperature And Higher Energy Density

The benefits of supercapacitors, also known as ultracapacitors or electric double layer capacitors, are well
known. They can be used either to augment the performance of batteries, or in some cases replace batteries,
because of their unique characteristics. When compared with batteries, supercaps offer higher power density,
faster charge and discharge rates, and much longer lifespans being that they are capable of many thousands of
charge and discharge cycles.

Supercapacitors are also less affected by temperature, being able to maintain their performance better than
batteries at both low and high temperatures. The caveat is that batteries have higher energy density. The graph
in Fig. 8 shows the somewhat familiar positioning of batteries versus supercaps.

107
Capacitors
108 Advanced
CNT-Based
o 105 -
E
=
§ 104
£ 108 “Traditional®
<;§>' 100 |- Electrochemical
Capacitors Batteries [RSIC!
10 Celis
1 §._if Ll Ll L1 [
001 00501 05 1 5 10 50 100 500 1,000
Specific Eneray (Wh/ka)

Fig. 8. Comparing power density and energy density for ultracaps versus batteries. (Courtesy of
Fastcap)

Fastcap, a company out of Boston has been developing material systems for ultracapacitors that enhance the
capabilities of these components to work at extreme temperatures, enabling their use in a wider range of
applications. At CMSE 2025, Christopher Deane, chief operating officer of Fastcap, discussed their underlying
ultracap technology, and the capabilities and applications for their ultracaps, in his presentation, “"Advanced
Fastcap Capacitors for Military and Space Electronics And Embedded Solutions."[8]

As Deane explained, their capacitor designs exploit carbon nanotubes in their electrodes and advanced
electrolytes specifically developed for harsh environments. As a result, Fastcap claims the distinction of offering
“the only ultracapacitors capable of operating in extreme environments, such as temperatures up to 150°C and
under conditions of high shock and vibration and the first reflow solderable chip cap”.

In his talk, Deane discussed the attributes of three of Fastcap’s product families and the applications they
benefit. The first of these, the Delta family, features ultracaps in rigid, hermetically sealed cans capable of
withstanding shocks up to 1000 G or continuous operation to 20 Grms. They can operate at temps down to
-40°C and up to 150°C in their commercial offerings. However, the company has produced prototypes of these
components capable of operation to 300°C.
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While the commercial devices are available for industrial applications in oil and gas drilling; members of this
family may potentially be used in mil aerospace applications as well as stationary energy storage and medical
applications. More details on their construction, composition and performance are shown in Figs. 9 and 10.

DELTA CAPACITORS ATTRIBUTES

Laser welded & hermetic
package

Shock and vibration
resistance technology.

Nanoramic’s Core Technology: CNT Ucaps

— Operationin
= Er\gmexered vacuum and at
internal high temperatures
con:echt:]ns to Notable attributes:
withstan
okad FastCAP's Proprietary Carbon Nanotube Electrode

FastCAP's Proprietary Electrolyte N Proprietary carbon
nanotube electrode with

high surface area

vibrations

Proprietary electrodes Proprietary electrolyte

- for high stability at high
Proprietary non-volatile High " 1 T YT t:;ﬂ;zraslu’enx y at hig|
lectrol temperature ‘j‘ i 110
electrolyte capabilities il {18 i ,{: M 10x the power density of
—  Wide temperature “, 1 Iy incumbent
range —  Great cycleability i R ;1 i il ultracapacitors
s AL I :
—  Wide voltage i ’{‘l‘ t l ' i N 3xenergy density
window - R

Fig. 9. Fastcap’s Delta family supercaps exploit the company’s carbon nanotube electrode
material and proprietary electrolyte to enable operation at temperature extremes.

Sandia Validation: 250°C Ultracapacitor Performance Minimal In-House Prototype: Extended Test
Degradation after 500 hours at 250°C 300°C Ultracapacitor Performance Minimal degradation after 20,000
o Capaotance » ESR charge discharge cycles

~—Capacitance —=—ESR

Capacitance and ESR Variance
Capacitance and ESR Variance

2%
Time (hes)

The resistance is measured by performing a 100mA
pulse train on the capacitor while it is at maximum
voltage. Resistance will be lower and capacitance
higher at elevated temperatures. The plot below shows
an example of this.

Fig. 10. Fastcap’s Delta ultracaps have been shown to exhibit minimal loss of capacitance at high
temperature over hundreds of hours of testing.

Meanwhile, the company has also developed a series of ultracaps for extreme low temperature operation. These
are members of the Lima family. Also featuring a rigid, hermetically sealed can design, the LIMA EDLC
capacitors can operate down to -55°C while still working at temperatures up to 85°C. They can be stored over
an even wider range of -65°C to 100°C. The slides below in Figs. 11 and 12 show more details of their
performance over temperature. As the data illustrates, these ultracaps were designed to deliver high
capacitance and low resistance across the operating temperature range.

Deane noted that these capacitors have become popular in in-flight data recorders where their low-temperature
performance eliminates the need for a heating element. The Lima ulltracaps also have other uses in aerospace

© 2025 How2Power. All rights reserved. Page 7 of 12


http://www.how2power.com/newsletters/

HOW-=POWER

I bl i~ T

Your Power Design MNewsletter

Industry Events

and defense and transportation or automotive designs. In aerospace, they can provide distributed power
buffering at high altitude, or power in-flight sensors.

LOW TEMPERATURE LIMA EDLC CAPACITORS

Rigidized design
Vibration resistance: 20 gRMS
Shock resistance: 500 g
Hermicity: 100,000ft altitude
Operating temperature: -55°C to 85 °C
Storage temperature: -65°C - 100°C
Hermetically sealed

Fi &l‘Cnp 3 Uhrm;_:adtols

* Designed to maintain high capacitance and low resistance
throughout entire operable temperature

Fig. 11. Fastcap’s Lima ultracaps address requirements for performance at very low
temperatures.

LIMA PERFORMANCE CHARACTERISTICS

Change of Capacitance and ESR over Temperature Range

200%

180%
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140%
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Percent Value from 25°C

80%

60%
-60 -40 -20 0 20 40 60 80
Temperature °C
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e Initial capacity rating within 10% of room temperature rating between -55°C and 85°C
e Initial ESR rating within 40% of room temperature rating between -55°C and 85°C

Fig. 12. Capacitance and ESR versus temperature for Fastcap’s Lima ultracaps.

Meanwhile, the company’s Charlie family offers surface-mountable capacitors (chipcaps) that can withstand a
high-temperature solder reflow process. Instead of the metal can, these have a sealed ceramic package suitable

for “air sensitive applications”. These devices offer improved performance versus other surface-mountable
capacitors types.

For example, the Charlie family chipcaps have 10X greater energy density than tantalums, while also offering
low ESR and leakage current, and the ability to withstand a high ripple current of 3 A versus 0.4 to 0.5 mA,
which is the industry standard according to Fastcap (see Fig. 13.)

These ultracaps target a variety of applications including IoT for military asset management, ground-based
power, communication systems, backup power, radars, field medical equipment and edge computing. For more
information on these devices, contact Christopher Deane or see the company website.
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CHIPCAP REFLOWABLE CHARLIE ULTRACAPACITORS

Rigidized design
Chip cap passes IEC60068 random vibration stress test
Wide Operating Temperature -20°C to +85°C

The only low ESR reflowable ultracapacitor (wistands high
temperature solder process)

Sealed ceramic package — great for air sensitive applications
10X more energy density vas tantalum capacitors
Low ESR and leakage current

Tolerates high ripple current (3 A vs. ~ 0.4-0.5 mA industry
standard)

Light weight, small footprint, high energy density

Fig. 13. Fastcap’s Charlie family of chipcaps are said to be the only low ESR reflowable
ultracapacitors.

Environmental challenges are not the only consideration in military and space applications. In these and other
applications, the size and weight constraints motivate further development of ultracapacitors in terms of their
power and energy densities. In one of his talks at CMSE 2025, Tomas Zednicek, president and CEO of the
European Passive Components Institute, presented information on the "Commercialization of GN3 Graphene
Material as the Active Electrode for High Energy Supercapacitors.”l®] As Zednicek explained graphene represents
a higher-performing alternative to active carbon as an electrode material for supercapacitors.

This material is potentially more conductive with higher power density because of its two-dimensional lattice
versus carbon’s single layer, which leads to high electron mobility and delocalized electrons with minimal
scattering. 2D graphene promises a theoretical maximum capacitance >550 F/g and can be easily paired with
other nanomaterials such as carbon nanotubes to create light, high-performance structures. Fig. 14 summarizes
these and other features of graphene.

G | - Ein,
raphene Properties Graphene vs Activated Carbon Bea¥east

* 2D one-atom thick * Potentially more conductive / higher power density due
* 200x stronger than steel to single layer vs two-dimensional lattice features:

* 3xbetter electron mobility than silicon - high electron mobility

* Lightweight - delocalized electrons with minimal scattering

* Flexible * Theoretical max capacitance of 2D graphene is higher

* Thin (>550F/g) than activated carbon

* Large surface area * Easy team up with various other nanomaterials,

* High electrical conductivity prominently carbon nanotubes (CNTs), to create

* High thermal conductivity lightweight and high-performance structures
* Transparent P

Challenges:

0 Lower TRL compared to activated carbon

0 Supply chain not mature yet

O Electrolyte optimization required to maximize the
material potential benefits

Fig. 14. Graphene’s properties make it a potential performance booster as an electrode in
supercapacitors.
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With that as general background on graphene, Zednicek introduced a graphene material called SC-GN3
developed by the Czech Advanced Technology and Research Institute (CATRIN) and Palacky University in the
Czech Repulblic. This material offers both high energy and high power density, giving it the potential to fill the
performance gap between supercapacitors and batteries.

HighrEnergy SC-GN3 Graphene Material

Principals of SC-GN3 High-Energy & developed and patented by
High-Power Storage Capability

* Graphene provides a higher volumetric energy density compared to active carbon

* Graphene doping can significantly alter its electronic structure

* Nitrogen doping imprints active centers on graphene supporting, which can
contribute to a certain degree of pseudocapacitance

Fluorographene Highly N-doped Graphene
SC-GN3 Material Preparation  —  hNsAdit 1%».”
* Tunable synthesis of SC-GN3 ~ h OV N 16 %
highly nitrogen-doped [ [T —r—
graphene from fluorographene W—
precursor haS been deVeIOped achieves 3:;:’::edemed er‘\’::;ydensity at higb)? nf’s e L

power in a

Fig. 15. In research funded by the EU, the Czech Advanced Technology and Research Institute
(CATRIN) and Palacky University have developed a graphene material called GN3, which has
enabled development of supercaps with high volumetric energy density.

While the active material itself has a potential energy density of 200 Wh/I, based on pouch cell prototypes
developed by Bar Ilan University in 2023, it's projected that commercial supercapacitor cells will achieve a
volumetric energy density of 50 Wh/I compared with 4 Wh/I for currently available supercaps in pouch cells and
the 16 Wh/I now available for supercap cylindrical cells. In addition, supercaps based on SC-GN3 will achieve a
gravimetric energy density of ~55 Wh/kg and a power density of 2 to 50 kW/kg. See Figs. 16 and 17.

SC-GN3 Development, Testing & Characterization

Features (achieved on material at electrochemical cell)

energy density: up to 200 Wh/L
power density: up to 50 kW/L
sustains 15 000 C/D cycles without
significant capacitance loss

.
,e),‘{”ig

High*Energy SC-GN3 GrapheneMaterial

Fig. 16. SC-GN3 graphene has demonstrated high energy density and power density, while also
maintaining reasonably long operating life—longer than batteries although not quite on par with
conventional supercaps.
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Current Mass Market SCs 16 Wh/L Skeleton Curved Graphene

Fig. 17. Comparing energy density of GN3 versus other published materials. Performance goals
for a commercial supercap cell based on this material are also shown and compared with mass
market supercaps.

Another graphic given by Zednicek depicts how SC-GN3 capacitors will achieve battery-like energy density while
maintaining power density comparable to or greater than existing supercaps (see Fig. 18).

Last year, the first wound-cell supercapacitor prototypes were developed by an Italian capacitor manufacturer,
Itelcond, and a startup named Atomiver was spun out of Palacky University to create a commercial source for
SC-GN3 graphene. Atomiver is responsible for developing and commercializing the SC-GN3 material supply
chain, and has already begun scaling up production of the material and verifying the reproducibility of its
processes, according to Zednicek.

Further work is to be done to ready this material for use in capacitor production. Zednicek noted in his remarks
that Atomiver is currently evaluating multiple suppliers of fluorographene. However, the first prototype samples
of foil pouch and wound cells are scheduled to be produced this year and evaluation of these cells is expected to
be completed by Q3 (sometime this autumn). According to Zednicek, one of the biggest challenges in
developing these prototypes will be selecting the right electrolyte.

SC-GN3 Bridges the Gap Between Batteries and SCs

Batteries and SCs have always been suitable for specific

10° and different applications - their use always requires
e i ail some sort of compromise
104 . h: .
Supercapacitors Li-ion batteries
. b Hybrid
g 7 SESiepacitors +  Safe + Relatively unsafe
> 10° ‘ B s . Relativel (thermal runaway risk)
3 i e atlvg y more
3 expensive +  Less expensive SC-GN3 address
§ o o . one of the key
n%_ Electrochemical # M i * High power + Limited power (incl. | shortcomings of
SRpaction ¢ A s shortened cycle life) supercapacitors
Nl e e e e e e e e e e e e e e e e e e e e e = e L L
10! | i+ Low energy density * High energy density i
s 1
s J o +  Long cycle life * Short cycle life
» | [ (~ million cycles) (< 10,000 cycles)
1 . . . - .
102 10" 10° 100 102 10° 10

* Poor energy retention * Long energy retention

Energy density (Wh/L) (hours to weeks) (months)

Fig. 18. Supecaps based on GN3 offer energy storage options that mitigate the tradeoffs usually
made when choosing between supercaps and batteries.
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More details are provided in Zednicek’s presentation!®! on the timeline and industrial processes required for
development and commercialization of the SC-GN3 material, and the steps required for assembling pouch and
wound cells.

Atomiver will be collaborating with others to establish manufacturing capabilities for SC-GN3-based supercaps
in Europe mainly for the benefit of aerospace, defense or medical industries. This work was enabled by the EIC
Transition project entitled “Transition of 2D chemistry-based supercapacitor electrode material from proof of
concept to applications” (TRANS2DCHEM) No0.101057616 funded by the European Union. It also received
funding through the NATO DIANA project (https://www.diana.nato.int/about-diana.html). For more information,
contact Tomas Zednicek.
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