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VIE ELECTRONIC MAIL

Re:  Application for revocation of exemption to RoHS 2

Dear Sir or Madam,

I write to request the revocation of several exemptions under Directive 2011/65/EU of the
European Parliament and of the Council of 8 June 2011 on the restriction of the use of certain
hazardous substances in electrical and electronic equipment (EUR-Lex Document 32011L0065)
(“RoHS 27).

In general, RoHS 2 attempts to restrict the use of toxic substances such as lead, cadmium, and
mercury in electronic devices. Where technology does not exist to avoid the use of toxic substances
for certain products, their use for those products is allowed by specific exemption. Annex III and
Annex IV of RoHS 2 describe those exemptions.

Arradiance, LLC (“Arradiance”) is a firm based in the United States of America that offers atomic
layer deposition (“ALD”) tools, coating services, and technology licensing worldwide, including
in the EU. Arradiance has developed patented technology to functionalize glass products by
coating the glass surface using ALD. ALD-enhanced glass can perform the functions that
previously required leaded glass.

Arradiance’s technology is fully commercialized and licensed to numerous global manufacturers
that have or are developing working products that incorporate the technology. It is Arradiance’s
position that manufacturers’ continued ability to rely on exemptions to RoHS 2 has slowed the
pace of adoption of Arradiance’s ALD technology to replace leaded glass. I write to inform you
that substitute technology currently exists—and has existed for more than a decade—that makes
such exemptions unnecessary and harmful to the adoption of alternative production methods that
do not include these toxic substances.

I attach as Exhibit A a completed restriction of hazardous substances exemption form, which seeks
to delete several exemptions from RoHS 2 as they no longer meet the exemption criteria.

I attach as Exhibit B Arradiance promotional material highlighting manufacturers’ ability to
remove leaded glass from mass spectrometry, imaging, and microchannel plate applications by
licensing and implementing Arradiance’s technology.
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I attach as Exhibit C a reproduction of Annex III of RoHS 2, removing exemptions that are not
applicable.

I attach as Exhibit D a reproduction of Annex IV of RoHS 2, removing exemptions that are not
applicable.

In both Exhibits C and D, I have marked in green the exemptions that have been rendered
unnecessary given the demonstrated performance of Arradiance’s ALD technology. These include:

Annex III (Exhibit C)
o 5(a) Lead in glass of cathode ray tubes
o 5(b) Lead in glass of fluorescent tubes
o 7(c)-I Electrical and electronic components containing lead in a glass or ceramic
other than dielectric ceramic in capacitors, e.g. piezoelectronic devices, or in a
glass or ceramic matrix compound

o 7(c)-1I Lead in dielectric ceramic in capacitors for a rated voltage of 125 V AC or
250 V DC or higher

o 7(c)-II Lead in dielectric ceramic in capacitors for a rated voltage of less than
125 VAC or 250 VDC

o 12 Lead as a coating material for the thermal conduction module C-ring

o 13(a) Lead in white glasses used for optical applications

o 13(b) Cadmium and lead in filter glasses and glasses used for reflectance
standards

Annex IV (Exhibit D)

o 1. Lead, cadmium, and mercury in detectors for ionizing radiation

o 3. Lead in electromagnetic radiation amplification devices: micro-channel plate
and capillary plate

o la. Lead and cadmium in ion selective electrodes including glass of pH electrodes

o 1b. Lead anodes in electrochemical oxygen sensors

o 11. Lead in alloys as a superconductor and thermal conductor in MRI

o 19. Lead in Liquid crystal on silicon (LCoS) displays

Furthermore, there are a large number of exemptions covering use cases that we strongly believe

could be performed by ALD-enhanced non-toxic materials, but for which such performance has

not yet been demonstrated. These use cases are marked in yellow in Exhibits C and D.

We welcome the opportunity to demonstrate that the noted exemptions no longer meet the
exemption criteria.

Yours Sincerely,

Weokael 7162

Michael Trotter
Chief Executive Officer

ARRADIANCE
www.arradiance.com

+1 (508) 202-0593 x100
mtrotter@arradiance.com




Exhibit A

Exemption Request Form

Date of submission: Sunday, 22 June 2025

1. Name and contact details

1)  Name and contact details of applicant:

Company: Arrdiance LLC Tel.: +1 (508) 202-0593x100

Name: Michael Trotter E-Mail: mtrotter@arradiance.com

Function: CEO Address: 11 A Beaver Brook Rd.
Littleton, MA 01460
USA

2) Name and contact details of responsible person for this application
(if different from above):

Company: N/A Tel.: N/A

Name: N/A E-Mail: N/A

Function: N/A Address: N/A
2. Reason for application:

Please indicate where relevant:
[] Request for new exemption in:
] Request for amendment of existing exemption in
[ ] Request for extension of existing exemption in
X] Request for deletion of existing exemption in:
[] Provision of information referring to an existing specific exemption in:
X] Annex Il X] Annex IV

No. of exemption in Annex Il or IV where applicable: Annex llI: 5(a), 5(b), 7(c)-l,
7(c)-ll, 7(c)-1ll, 12, 13(a), 13(b). Annex IV: Equipment utilising or detecting ionising
radiation: 1, 3; Sensors, detectors and electrodes: 1a, 1b




Proposed or existing wording: “The following exemptions will be deleted:

In Annex IlI:

“5(a) Lead in glass of cathode ray tubes

5(b) Lead in glass of fluorescent tubes not exceeding 0,2 % by weight”

“7(c)-l __Electrical and electronic components containing lead in a glass or ceramic other
than dielectric ceramic in_capacitors, e.q. piezoelectronic devices, or in_a glass or
ceramic matrix compound

7(c)-1l Lead in dielectric ceramic in capacitors for a rated voltage of 125 V AC or 250
V DC or higher

7(c)-lll Lead in dielectric ceramic in capacitors for a rated voltage of less than 125 V
AC or 250V DC”

“12 Lead as a coating material for the thermal conduction module C-ring”

“13(a) Lead in white glasses used for optical applications

13(b) Cadmium and lead in filter glasses and glasses used for reflectance standards”

In Annex IV:

Equipment utilising or detecting ionising radiation

“1. Lead, cadmium and mercury in detectors for ionising radiation.”

“3. Lead in electromagnetic radiation amplification devices: micro-channel plate and
capillary plate.”
Sensors, detectors and electrodes

“1a. Lead and cadmium in ion selective electrodes including glass of pH electrodes.

1b. Lead anodes in electrochemical oxygen sensors.”

Duration where applicable: N/A

[] Other:
3. Summary of the exemption request / revocation request

New technical developments have made the exemption for leaded glass for these stated
optical, electrical, sensing, display and other scientific applications unnecessary. There are
now _ways to provide the necessary properties without the dangerous lead, cadmium, or

mercury.

Atomic layer deposition (“ALD”) is a method by which a substrate such as glass can be coated
with thin films of unrestricted materials in such a way that the glass replicates the desirable
characteristics of leaded glass, without the harm associated with restricted materials. The
existence of the viable substitute technology means that alternatives to leaded glass exist in
certain optical and electronic applications, so leaded glass no longer requires an exemption
from the restrictions, and the exemption should be deleted.




ALD is a thin-film deposition technique based on the sequential use of a gas-phase chemical
process. The maijority of ALD reactions use two chemicals called “precursors” (also called
“reactants”). The target material is exposed to an environment containing one reactant at a
time, and the reactant bonds with the surface of the target material in a sequential, self-limiting,
manner. A thin film is gradually deposited through repeated exposure to separate reactants,
resulting in a multi-layer _coating. The properties of the coating are determined by the
interactions between the reactants, and different results can be obtained by different reactant
sets.

Glass used in gas chromatography, mass spectrometry, electro-optics, high energy physics,
and various medical and defence applications is required to possess refractive and resistive
properties appropriate to the application. Traditionally, some form of reduced lead oxide is
added to the glass to attain these properties. With ALD, a lead-free coating can be applied to
the glass that gives it similar or better performance with respect to these characteristics.

Lead is traditionally used in cathode ray tubes to shield against X-rays produced by the high
voltages necessary to accelerate the electrons that excite the phosphor screen. Using ALD,
unrestricted coatings can be applied to the glass of both the phosphor screen and the funnel
neck of the tube such that X-rays are blocked without the use of restricted materials.
Spedcifically, the application of an ALD coating of a material such as tungsten can shield x-rays
while leaving other physical and electrical properties largely unchanged.

Lead is traditionally used in fluorescent tubes to block the sodium in the glass from interacting
with the phosphor material as well as produce the phosphor coating on the tubes. Using ALD,
unrestricted coatings can be applied to the glass to prevent the sodium interacting with the
phosphor without the use of restricted materials. Specifically, the application of an ALD coating
can deposit layers on a lead free glass to prevent the negative interactions with the phosphors
while leaving other physical and electrical properties largely unchanged.

Cadmium is traditionally used in glass filters to achieve reflectance properties. Using ALD,
unrestricted coatings can be applied to glass such that the desirable filter and reflectance
properties can be obtained without the use of restricted materials. Specifically, the application
of an ALD coating can adjust the bandpass region and cutoff frequencies of optical filters and
can adjust the reflectance at specific frequencies of light.

Lead is traditionally used in thermal conduction module C-rings to achieve thermal expansion
and conductivity properties, so that the material can _maintain_physical contact with other
product elements throughout different temperatures. Using ALD, unrestricted coatings can be
applied to a substrate such that the desirable expansion and conductivity properties can be
obtained without the use of restricted materials. Specifically, the application of an ALD coating
can increase the thermal conductivity of a layer while leaving its expansion behaviour largely

unchanged.




Lead is traditionally used in the dielectric material in capacitors to achieve a suitable dielectric
coefficient between charged plates, so that the electrical permittivity of the inter-terminal region
can be maintained. Using ALD, unrestricted coatings can be applied to the dielectric material
such that a specific dielectric coefficient can be obtained without the use of restricted materials.
Specifically, the application of an ALD coating can increase or_decrease the dielectric
coefficient of a material while leaving other physical and electrical properties largely

unchanged.

Lead, in the form of lead salts such as lead titanate and lead zirconate titanate, is traditionally
used in piezoelectric transducers or ceramic timing resonators for its piezoelectric effect across
a_range of temperatures. Using ALD, unrestricted coatings can be applied to crystalline
structures such that equivalent piezoelectric responses can be obtained without the use of
restricted materials. Specifically, the application of an ALD coating of BaTiO3 (and other
piezoelectric materials) can be applied while leaving other physical and electrical properties
largely unchanged.

Lead is traditionally used in ion selective electrodes to produce a glass membrane that allows
for the passage of specific ions. Using ALD, unrestricted coatings can be applied to a
membrane such that equivalent ion selectivity can be obtained without the use of restricted
materials. Specifically, the application of an ALD coating can increase the conductivity of a
glass matrix while leaving other physical and electrical properties largely unchanged.

Lead is traditionally used in the anodes of electrochemical oxygen sensors to produce an
electric current proportional to the partial pressure of O2 molecules in a gas, commonly used
to dynamically control oxygen flow in breathing systems. Using ALD, unrestricted coatings can
be applied to a sensor surface such that an equivalent current flow, proportional to the rate of
oxidation & reduction, can be obtained without the use of restricted materials. Specifically, the
application of an ALD coating of SnO2 and alloys of it can provide the sensitivity required while
leaving other physical and electrical properties largely unchanged.

Lead is traditionally used in microchannel plate and capillary plate amplifiers of
electromagnetic radiation to provide the surface necessary for the secondary electron emission
properties critical for the production of the signal gain. Using ALD, unrestricted coatings can
be applied to unleaded glass such that these specially layered coatings provide the surface
that can provide the secondary electron emission properties without the use of restricted
materials. Specifically, the application of the ALD coating can improve the performance of the
devices while leaving other physical and electrical properties largely unchanged.

Lead and Cadmium are traditionally used in detectors for ionising electromagnetic radiation to
both enhance detection and shield the radiation. Using ALD, unrestricted coatings can be
applied to substrates such that background radiation can be shielded from the detector without
the use of restricted materials. Specifically, the application of an ALD coating of W or other
high-density materials can shield external radiation or collimate the internal radiation inside the
device while leaving other physical and electrical properties largely unchanged.




ALD has long been used extensively in fabricating semiconductor devices, and it is a mature,
well understood technology offered by a number of commercial providers. The technology is
increasingly employed in_other industries, including battery and photovoltaic devices.
Arradiance has been using its reactant sets to provide lead-free glass with attractive resistive
and refractive characteristics for more than 15 years, but more widespread adoption of the
technology is being held back by the continued availability of leaded glass.

The exemptions available to leaded glass in certain applications should be deleted, because
unrestricted alternatives are available on a cost effective and practical commercial basis.

4. Technical description of the exemption request / revocation
request

(A) Description of the concerned application:

1. To which EEE is the exemption request/information relevant?

Name of applications or products:
Instruments used for gas chromatography, mass spectrometry, electro-optics,
and high energy physics including capillary inlet tubes, channel electron
multipliers, microchannel plates, reflectron lenses, and drift tubes.

Cathode Ray tubes. Fluorescent tubes. Galvanic electrochemical oxygen
sensors. Piezoelectric transducers and resonators. Ceramic capacitors.
Thermal conduction C rings.

Medical devices including positron emission tomography detectors.

a. List of relevant categories: (mark more than one where applicable)

D 1 17
X 2 X8
X3 )
(14 110
(15 < 11
X1 6

b. Please specify if application is in use in other categories to which the
exemption request does not refer:

All exemptions challenged are challenged in all categories to which the
exemptions apply.

c. Please specify for equipment of category 8 and 9:
The requested exemption will be applied in
DX monitoring and control instruments in industry



(B)

[] in-vitro diagnostics

[X] other medical devices or other monitoring and control instruments than
those in industry

2. Which of the six substances is in use in the application/product?

(Indicate more than one where applicable)
X Pb X Cd X Hg L] crVvi []PBB [ | PBDE

3. Function of the substance:

Lead, cadmium, and Mercury perform functions such as: Adding qualities to
glass including electrical resistivity and high refractive index; filtering certain
wavelengths of light in glass; absorbing high energy electromagnetic waves;
producing a piezoelectric effect; and producing a dielectric coefficient in
dielectric material.

4. Content of substance in homogeneous material (%oweight):
The content of the lead varies with the exemption, but in each case exceeds
0.1% of the material’'s weight. The content of cadmium varies with the
exemption, but in each case exceeds .01% of the material’'s weight

5. Amount of substance entering the EU market annually through application for
which the exemption is requested: N/A: exemption deletion requested
Please supply information and calculations to support stated figure.

6. Name of material/component: N/A: exemption deletion requested

7. Environmental Assessment: N/A: exemption deletion requested
LCA: [] Yes

[ ] No

In which material and/or component is the RoHS-regulated substance used,
for which you request the exemption or its revocation? What is the function
of this material or component?

Lead is used in the glass of cathode ray tubes to shield against x-rays.

Lead is used in the glass of fluorescent tubes to protect the phosphor coating from
sodium in the glass

Lead is used in white glass to set its refractive index and electrical resistivity.

Lead is used as a coating on thermal conduction ring modules for its thermal
properties, specifically conduction and expansion.

Lead is used in dielectric ceramic to set the capacitance of a capacitor.




(C)

Lead is used in piezoelectric devices to set the piezoelectric properties of the
device.

Lead and cadmium are used in detectors of ionizing radiation for shielding,
collimating as well as detection

Lead is used in electromagnetic radiation amplification devices (micro-channel
plate and capillary plate) for creating the secondary emissions that produce the
gain amplification

Lead is used in shielding for ionizing radiation for absorbing ionizing radiation

Lead and cadmium are used in ion selective electrodes as lead sulfide or cadmium
sulfide solid state electrodes.

Lead is used in electrochemical oxygen sensors for detecting the partial pressure
of oxygen in the gas.

Cadmium is used in filter glasses and glasses used for reflectance standards.
Cadmium affects the reflectance and transmission properties of the glass.

What are the particular characteristics and functions of the RoHS-regulated
substance that require its use in this material or component?

Lead is used in the glass of cathode ray tubes to shield against x-rays because it
blocks x-rays.

Lead is used in the glass of fluorescent tubes to protect the phosphor coating by
blocking the sodium in the glass from deactivating the phosphor.

Lead is used in white glass to set its refractive index and electrical resistivity
because lead fired glass has refractive and resistive properties that differ from
unleaded glass.

Lead is used as a coating on thermal conduction ring modules for its thermal
properties, specifically conduction and expansion, because the thermal conduction
rings need to maintain _contact with different surfaces throughout temperature
variations.

Lead is used in dielectric ceramic to set the capacitance of a capacitor because
lead affects the dielectric field strength.

Lead is used in piezoelectric devices to set the piezoelectric properties of the
device because certain alloys of lead produce piezoelectric properties.

Lead and cadmium are used in detectors of ionizing radiation. CdTe and CdZnTe
absorb incident radiation and produce measurable current

Lead is used in electromagnetic radiation amplification devices (micro-channel
plate and capillary plate) for enhancing the signal because lead absorbs incident
EM radiation and emits secondary electrons creating a multiplication of the signal

Lead is used in shielding for ionizing radiation for absorbing ionizing radiation
because it blocks x-rays




Lead and cadmium are used in ion selective electrodes for because it decreases
the resistivity of glass

Lead is used in electrochemical oxygen sensors for detecting the partial pressure
of oxygen in the gas because lead combines with oxygen to produce charged ions
that can be measured as electric current

Cadmium is used in filter glasses and glasses used for reflectance standards
because cadmium affects the reflectance and transmission properties of the glass.

Information on Possible preparation for reuse or recycling of waste
from EEE and on provisions for appropriate treatment of waste

1) Please indicate if a closed loop system exist for EEE waste of application
exists and provide information of its characteristics (method of collection to
ensure closed loop, method of treatment, etc.)

N/A: exemption deletion requested

2) Please indicate where relevant:
[] Article is collected and sent without dismantling for recycling
[] Article is collected and completely refurbished for reuse
[] Article is collected and dismantled:
] The following parts are refurbished for use as spare parts:
[] The following parts are subsequently recycled: ____
[] Article cannot be recycled and is therefore:
[] Sent for energy return
[] Landfilled

3) Please provide information concerning the amount (weight) of RoHS sub-
stance present in EEE waste accumulates per annum:

[] In articles which are refurbished N/A: exemption deletion requested
[] In articles which are recycled N/A: exemption deletion requested
[] In articles which are sent for energy return N/A: exemption deletion requested
[] In articles which are landfilled N/A: exemption deletion requested




6. Analysis of possible alternative substances

(A) Please provide information if possible alternative applications or
alternatives for use of ROHS substances in application exist. Please
elaborate analysis on a life-cycle basis, including where available
information about independent research, peer-review studies
development activities undertaken

(B) Please provide information and data to establish reliability of possible
substitutes of application and of RoHS materials in application

Arradiance possesses a non-toxic alternative to leaded glass for applications
requiring high refractive index and/or electrical resistive glass. While initially
developed to increase the gain and lifetime of microchannel plates (MCP’s) used
in_Military/Defense applications and the field of High-Energy Physics, the
adoption of the technology has spread to other applications and markets.
Arradiance has licensed its ALD-based alternative to leaded glass to some of the
world’s largest and leading manufacturers delivering solutions to Defense, Life
Science, Mass Spectrometry, and other industries.

Arradiance announcements and whitepapers:

¢ https://www.newswire.com/news/arradiance-issued-two-international-patents-
20780945

¢ https://arradiance.com/news/2023-arradiance-unleaded-glass-technology-
083123-3.pdf

e htips://arradiance.com/news/2023-arradiance-news-032023.pdf

e https://arradiance.com/news/PR%2015-051115.pdf

e https://arradiance.com/news/PR%2015-060315.pdf

Research showing ALD-enhanced unleaded glass performing the electrical

resistivity function that previously required leaded glass:

o www.photek.com/pdf/technical-
papers/Extended lifetime MCP_PMTs 2014.pdf

e https://arradiance.com/news/2023-arradiance-news-032023.pdf

e https://arradiance.com/papers/2008%20Arradiance,%20Nano-
engineered%20ultra%20high%20gain%20microchannel%20plates,%20Trem
sin%20et%20al.pdf

e https://psec.uchicago.edu/blogs/lappd/wp-content/uploads/2010/02/UCB-
ALDMCP.110.pdf

e https://www.sciencedirect.com/science/article/abs/pii/S0168900211020560




¢ https://www.slideserve.com/craigbradley/characterization-of-arradiance-
samples-and-b33-float-glass-powerpoint-ppt-presentation

e https://indico.cern.ch/event/565957/contributions/2286351/attachments/1338
569/2014825/Tom_Conneely Photek - picosecond kansas.pdf

e htips://arradiance.com/papers/2013%20Photek,%20A%20close%20packing,
%20multi-anode,%20long%20life%20MCP-
PMT%20for%20Cherenkov,Conneely.pdf

¢ htips://www.photek.com/pdf/technical-papers/photek-ieee2017-atlanta.pdf

e https://psec.uchicago.edu/blogs/lappd/wp-content/uploads/2010/02/UCB-
ALDMCP.110.pdf

Arradiance patents on ALD-enhanced unleaded glass for use in_microchannel

plates:

e https://patents.google.com/patent/US9064676B2/en

e htips://arradiance.com/news/PR%2012-073012.pdf

Published scientific papers describing Arradiance’s ALD technology are available

here:

https://arradiance.com/papers/

7. Proposed actions to develop possible substitutes

(A)

(B)

Please provide information if actions have been taken to develop further
possible alternatives for the application or alternatives for RoHS
substances in the application.

The alternative for the application is the use of ALD coatings on glass without the
restricted substances. The existence of the alternatives is the basis for deleting
the exemptions currently provided to those applications.

Please elaborate what stages are necessary for establishment of possible
substitute and respective timeframe needed for completion of such
stages.

No research and development is required. Technology is commercially available
and has already been licensed by a number of global manufacturers

10



8.

Justification according to Article 5(1)(a):

(A) Links to REACH: (substance + substitute)

1) Do any of the following provisions apply to the application described under
(A) and (C)?

[] Authorisation

[ ] SVHC
[ ] Candidate list
[] Proposal inclusion Annex XIV
(] Annex XIV
[ ] Restriction
] Annex XVII
[] Registry of intentions

[ ] Registration

2) Provide REACH-relevant information received through the supply chain.
Name of document:

(B) Elimination/substitution:

1.

Can the substance named under 4.(A)1 be eliminated?

X Yes. Consequences? ALD-enhanced unleaded glass is a cost-
effective substitute for toxic leaded glass. The consequences of such a
substitution would be positive impacts on human health for all of the reasons
that led to the WHQO’s determination that there is no known safe level of lead
exposure. Arradiance scientists would work with licensees to expedite
process tuning to minimize any disruptions to manufacturing due to adopting
the new technology.

[ ] No. Justification:

2. Can the substance named under 4.(A)1 be substituted?

X Yes.

X Design changes: ALD-enhanced unleaded glass s
essentially a direct drop-in replacement for leaded glass. No significant
design changes are expected to be required. A knowledge transfer
would be required, which is a key element to the licensing process.

Xl Other materials: Each application requires different
materials in the make-up to the Arradiance Technology to tune the
replacement of the lead or cadmium in the glass and may contain one
or more of the following: Al, Au, B, Ba, Be, Ca, Cs, Cu, Hf, In, Ir, La, Mg,

11



Mn, Nb, Ni, Os, Pd, Pt, Re, Rh, Ru, Sc, Si, Sn, Sr, Ta, Ti, V, Y, Zn, and
Zr. The selection of the materials is specific to the application
[] Other substance:
[ ] No.

Justification:

3. Give details on the reliability of substitutes (technical data + information):_The
Arradiance Technology delivers outstanding stability and reliability and as
demonstrated in some of the presented supporting documentation, even extending
the life of leaded-glass products. The growing adoption of ALD outside of the
Semiconductor Industry is representative of its capabilities.

4. Describe environmental assessment of substance from 4.(A)1 and possible
substitutes with regard to

1) Environmental impacts: None known.

2) Health impacts: Processing of the Arradiance Technology is performed in
a_vacuum_system with all of the appropriate supporting facilities
equipment. The resulting product is safe and there are no known health

impacts.
3) Consumer safety impacts: None.

= Do impacts of substitution outweigh benefits thereof?
Please provide third-party verified assessment on this: The best support we have
at this time is the scientific data reported in the provided, and publicly available,
information from the Scientific community and our Customers.

(C) Availability of substitutes:

a) Describe supply sources for substitutes: The substitutes are available
from a number of commercial providers. Hamamatsu provides a
commercial leadless MCP product.
https://www.hamamatsu.com/eu/en/news/products-and-
technologies/2020/20200930000000.html

b) Have you encountered problems with the availability? Describe: None.

c) Do you consider the price of the substitute to be a problem for the
availability?

[ ]Yes X No

d) What conditions need to be fulfiled to ensure the availability? The
availability of ALD-enhanced unleaded glass will be most enhanced by
elimination of the exemption for leaded glass. Eliminating the exemption
will encourage manufacturers to secure either internal or external sources
of supply. There are a number of ALD companies who design and offer
equipment to support manufacturers with scaling up.

12



(D) Socio-economic impact of substitution:

= What kind of economic effects do you consider related to substitution?
[ ] Increase in direct production costs

[] Increase in fixed costs

[ ] Increase in overhead

[ ] Possible social impacts within the EU

[ ] Possible social impacts external to the EU
X Other:

= Provide sufficient evidence (third-party verified) to support your statement: The
costs associated with switching from leaded glass to ALD-coated glass are
commercially bearable, as evidenced by the use of ALD-coated glass by
Hamamatsu.

9. Other relevant information

Please provide additional relevant information to further establish the necessity of your
request:

10. Information that should be regarded as proprietary

Please state clearly whether any of the above information should be regarded to as
proprietary information. If so, please provide verifiable justification:

All information provided in this application is publicly available.

13



Exhibit B

ARRADIANCE

ARRADIANCE Unleaded Glass Technology
Looking for Lead-free solutions for your existing glass products?

Most resistive glass components in instruments used for gas chromatography, mass
spectrometry, electro-optics, high energy physics, and in medical applications
contain some form of reduced lead oxide from the hydrogen firing process,
required to make the glass electrically resistive. Most are aware of the
requirements specified in the RoHS Directive 2011/65/EU and the impact it will
have on a wide range of industries and applications. We possess the solution to
eliminate the need for lead in your glass components.

Concerned about being compliant with RoHS?

Safety regulations in Europe (RoHS) call for elimination of lead glass products due
to lead toxicity. No safe amount of lead exists, and the lead glass product industry
relies on temporary extensions for the use of lead glass due to expire July 2024.
Arradiance is your pathway to compliance.

Arradiance possesses resistive film technology for lead-free glass solutions

Arradiance’s proprietary technology enables the use of lead-free glass as a cost-
effective replacement for conventional lead glass applications with similar or better
performance capabilities. Arradiance has been providing this proprietary
technology for more than 15 years to support customers across numerous
applications.

Applications
Mass spectrometry applications:

Mass spectrometry instruments typically utilize high aspect ratio lead glass
components. Arradiance provides thin film solutions on lead-free substrates for
components in mass spectrometry instruments such as capillary inlet tubes,
channel electron multipliers (CEM), microchannel plates (MCP), reflectron lenses
or drift tubes, delivering similar or improved performance as your current
hydrogen-fired lead silicate glass components.

Amragiance LLC e 11A Beaver Brook RD e Littleton, MA 01460 « www.ammadlance.com e Main: (S08) 202-0593



Page2ofd

Circular.pore M P Single pore

Replaced by thin film
and lead-free glass

' .Microchannel or capillary

How mass spectrometry components benefit from Arradiance ALD technology:

Introduction to ALD

While Arradiance technology enables improved lifetime for mass spectroscopy
components, it also opens the door to eliminating lead from these components.
Delivering fired lead glass performance on non-lead substrates has been an elusive
objective for the mass spectrometry market to comply with pending regulations.
That solution exists today. Arradiance technology produces a film that can
withstand operational and environmental parameters such as high voltages,
elevated temperatures, vacuum, and atmospheric conditions, while delivering
similar or improved performance. These films have been tested and used for more
than a decade in electro-optical devices such as MCPs, image intensifiers and
photomultiplier tubes (PMTs), with remarkable documented longevity and
performance. The success of Arradiance ALD technology on high aspect ratio (more
than 300:1) structures, such as MCPs and glass capillary arrays, demonstrates its
potential value in the mass spectrometry markets for future regulatory compliance
when applied to a variety of glass component substrates eliminating the need for
hydrogen-fired lead glass.

Other applications
Imaging

Imaging applications differ somewhat from mass spectrometry in that they may
require positional data in addition to capturing time-of-flight data. Data precision
requirements for imaging applications require a higher quality substrate structure.
ALD has been used successfully for many years with improving performance of
components in imaging applications, but due to the quality challenges of lead-free

Arradiance LLC « 11A Beaver Brook RD e LitTeton, MA 01460 « www.arradlance.com e Main: (508) 202-0593
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glass structures, not much progress had been made until more recently. Significant
progress has been made in the quality of lead-free glass capillary/microchannel
arrays, which, in combination with Arradiance ALD technology, make possible lead-
free imaging detectors for applications like:

* |mage intensifiers
= Neutron and gamma detection

Plus, in combination with advanced multi-anode position-sensitive charge
collection designs:

= High energy particle physics experiments (MCP-PMTs)
= Astrophysics
* Medical field (positron emission tomography (PET) detectors)

Neutron imaging represents another area where Arradiance technology improves
performance. Neutron imaging uses MCP-like components that are made of glass
or other materials (for instance, PMMA plastic) that require surface modification
to enable it to absorb thermal or recoil fast neutrons, with excellent detection of
electrons and rejection of coincidence gamma events. Example applications where
this technology is of value:

* Non-destructive testing
o metallic assemblies/components opaque to conventional X-ray
imaging technologies
o water imaging inside metallic components
= Metallurgical - dynamic imaging of magnetic domain walls in ferromagnetic
materials

Miniature electrostatic lenses and microchannel arrays

Arradiance invented and prototyped a silicon-based, ALD-enabled
Microchannel electron amplifying array (MCA) to control current produced by
cold-cathode emitters, that could be combined with electrostatic lenses. An
example application would be maskless e-beam lithography.

Interested in going lead-free or improving the safety and performance of your
products containing glass components?
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Contact us

Contact Arradiance about our disruptive lead-free resistive film technology and
learn more about its advantages beyond being lead-free.

Additional reading: Arradiance’s resistive ALD and lead-free technology

Lifetime and Performance of the Very Latest Microchannel Plate Photomultipliers

Novel MCP device fabricated with ALD

Novel Fast Neutron Counting Technology

More publications using Arradiance technology may be found here.
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Exhibit C

ANNEX III
Exemption | Exemption Scope and dates of applicability
5(a) Lead in glass of cathode ray tubes
5(b) Lead in glass of fluorescent tubes not exceeding 0,2 % by weight
6(a) Lead as an alloying element in steel for machining purposes and in
galvanised steel containing up to 0,35 % lead by weight
6(b) Lead as an alloying element in aluminium containing up to 0,4 % lead
by weight
6(c) Copper alloy containing up to 4 % lead by weight
7(c)-I Electrical and electronic components containing lead in a glass or
ceramic other than dielectric ceramic in capacitors, e.g. piezoelectronic
devices, or in a glass or ceramic matrix compound
7(c)-Il Lead in dielectric ceramic in capacitors for a rated voltage of 125 V AC
or 250 V DC or higher
7(c)-1l Lead in dielectric ceramic in capacitors for a rated voltage of less than |Expires on 1 January 2013 and after that date may be used in spare
125V AC or 250 V DC parts for EEE placed on the market before 1 January 2013
8(a) Cadmium and its compounds in one shot pellet type thermal cut-offs Expires on 1 January 2012 and after that date may be used in spare
parts for EEE placed on the market before 1 January 2012
8(b) Cadmium and its compounds in electrical contacts
9 Hexavalent chromium as an anticorrosion agent of the carbon steel
cooling system in absorption refrigerators up to 0,75 % by weight in the
cooling solution
9(b) Lead in bearing shells and bushes for refrigerant-containing
compressors for heating, ventilation, air conditioning and refrigeration
(HVACR) applications
11(a) Lead used in C-press compliant pin connector systems May be used in spare parts for EEE placed on the market before 24
September 2010
11(b) Lead used in other than C-press compliant pin connector systems Expires on 1 January 2013 and after that date may be used in spare
parts for EEE placed on the market before 1 January 2013
12 Lead as a coating material for the thermal conduction module C-ring May be used in spare parts for EEE placed on the market before 24
September 2010
13(a) Lead in white gl used for optical applications
13(b) Cadmium and lead in filter glasses and glasses used for
reflectance standards
14 Lead in solders consisting of more than two elements for the connection |Expired on 1 January 2011 and after that date may be used in spare
between the pins and the package of microprocessors with a lead parts for EEE placed on the market before 1 January 2011
content of more than 80 % and less than 85 % by weight
15 Lead in solders to complete a viable electrical connection between
semiconductor die and carrier within integrated circuit flip chip
packages
16 Lead in linear incandescent lamps with silicate coated tubes Expires on 1 September 2013
17 Lead halide as radiant agent in high intensity discharge (HID)
lamps used for professional reprography applications
18(a) Lead as activator in the fluorescent powder (1 % lead by weight or |Expired on 1 January 2011
less) of discharge lamps when used as speciality lamps for
diazoprinting reprography, lithography, insect traps,
photochemical and curing processes containing phosphors such
as SMS ((Sr,Ba)2MgSi207:Pb)
18(b) Lead as activator in the fluorescent powder (1 % lead by weight or
less) of discharge lamps when used as sun tanning lamps
containing phosphors such as BSP (BaSi205:Pb)
19 Lead with PbBiSn-Hg and PbInSn-Hg in specific compositions as |Expires on 1 June 2011
main amalgam and with PbSn-Hg as auxiliary amalgam in very
compact energy saving lamps (ESL)
20 Lead oxide in glass used for bonding front and rear substrates of |Expires on 1 June 2011
flat fluorescent lamps used for Liquid Crystal Displays (LCDs)
21 Lead and cadmium in printing inks for the application of enamels
on glasses, such as borosilicate and soda lime glasses
23 Lead in finishes of fine pitch components other than connectors with a |May be used in spare parts for EEE placed on the market before 24
pitch of 0,65 mm and less September 2010
25 Lead oxide in surface conduction electron emitter displays (SED) used
in structural elements, notably in the seal frit and frit ring
26 Lead oxide in the glass envelope of black light blue lamps Expires on 1 June 2011
29 Lead bound in crystal glass as defined in Annex | (Categories 1. 2
3 and 4) of Council Directive 69/493/EEC (1)
30 Cadmium alloys as electrical/mechanical solder joints to electrical
conductors located directly on the voice coil in transducers used in high{
powered loudspeakers with sound pressure levels of 100 dB (A) and
more
34 Lead in cermet-based trimmer potentiometer elements
37 Lead in the plating layer of high voltage diodes on the basis of a zinc
borate glass body
38 Cadmium and cadmium oxide in thick film pastes used on aluminium
bonded beryllium oxide
39 Cadmium in colour converting II-VI LEDs (< 10 pg Cd per mm2 of light- |Expires on 1 July 2014

emitting area) for use in solid state illumination or display systems




Exhibit D

ANNEX IV

Applications exempted from the restriction in Article 4(1) specific to medical devices and monitoring and control instruments

Equipment utilising or detecting ionising radiation

1. Lead, cadmium and mercury in detectors for ionising radiation.

2. Lead bearings in X-ray tubes.

3. Lead in electromagnetic radiation amplification devices: micro-channel plate and capillary plate.

4. Lead in glass frit of X-ray tubes and image intensifiers and lead in glass frit binder for assembly of gas lasers and for vacuum tubes that convert
electromagnetic radiation into electrons.

Sensors, detectors and electrodes

1a. Lead and cadmium in ion selective electrodes including glass of pH electrodes.

1b. Lead anodes in electrochemical oxygen sensors.

1c. Lead, cadmium and mercury in infra-red light detectors.

Cthers

9. Cadmium in helium-cadmium lasers.

10. Lead and cadmium in atomic absorption spectroscopy lamps.

11. Lead in alloys as a superconductor and thermal conductor in MRI.

12. Lead and cadmium in metallic bonds to superconducting materials in MRI and SQUID detectors.

14. Lead in single crystal piezoelectric materials for ultrasonic transducers.

19. Lead in Liquid crystal on silicon (LCoS) displays.

20. Cadmium in X-ray measurement filters.




