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Ammonium dichromate

BD

Business Development

Be´

Baumé (aerometer scale for the determination of the relative density of
liquids)

EDM

Electrical discharge machining

FH

Fullhard, cold rolled stainless steel with tensile strength of approx.
1500 Mpa

FT_AA_006

Cleaning procedure of the lacquer system from the tank to the coating
tank

HAZ

Heat affected zone (effect of laser material processing)

HCL

Hydrochloric acid

LDA

Laser direct ablation

MMG

Micrometal GmbH

Ra

Roughness

R2R

Reel-to-Reel process, production from coil to coil in a continuous
inline operation

SYN

internal numbering (synthesis)

UV

Ultraviolet wavelength

UKP

Ultra-short pulse laser

USP

Unique selling proposition
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1. SUMMARY
Ammonium dichromate (ADC) is used as photosensitizer in a Reel-to-Reel (R2R) UV
lithography process for the etching of metal surfaces. As downstream user MMG processes
approx. 200 – 300 kg per year of ADC for the temporary masking of the metal strips. After
the masking and etching operation the photosensitive lacquer is removed completely in the
rinsing station and is proceeded in the waste water department. MMG produces and sells high
precision micro structured metal strips in a residue-free, blank and cleaned-up quality.
MMG is a manufacturer of highly accurate metal micro-components applying Reel-to-Reel
(inline) lithography to realize these extremely fine structures under mass production
conditions. The specialized etching technology enables the production of high-precision
micro-structured components, e.g. filters, sieves, grids, needles, diffusers and other products
with a functional surface. The wide customer base includes the following industrial sectors:
automotive, medical devices, chemical, aerospace, mechanical engineering, building
engineering, diagnostics and analysis, and photovoltaics.
Contrary to alternative methods of precision processing of metal materials like micro
machining or laser micro material processing, applying R2R UV lithography enables the
production of the desired precision in extremely large quantities. Due to the wear-free surface
contact by using glass tools, production conditions remain extremely constant which is
reflected in the corresponding production parameters. For compounds of a 70µm slot a
tolerance of ±10µm and a Cpk value (measure of process capability) of >1.33 is achieved.
Production technologies that are only optimized for high quantity output as e.g., stamping are
limited with respect to smallest geometries and consequently in the manufacturing of the
structural resolution to be realized. In addition, there are different steels that cannot be used
for the stamping process or only with a significant deterioration in quality and loss of
productivity. The aforementioned alternative surface techniques are all subject to partly
complex post-processing steps, like e.g. de-burring or heat treatment and recrystallization
processes as the characteristics of the final product change adversely due to the thermally and
mechanically induced damage in the material to be structured. As the production process
described is a damage-free structuring technique, post-processing is not necessary.
The unique selling proposition (USP) of the MMG technology is the combination of mass
production capabilities in high volume scales and the demand for a high precision micro
structuring technique. The relevant process parameters to achieve the high precision
standards are the UV sensitive photomask and the photosensitive lacquer. A vital ingredient
of this lacquer is the functional chemical ADC which is part of an aqueous solution and is
processed in a closed system under strictly controlled conditions.
ADC cannot be measured in the air of the workplaces with the best available analytical
methods (concentration below 0.1 µg/m3). These data are completely in line with the
application of ADC in an aqueous solution (concentration in the etching process about 1 %)
and application of a total closed system.
According the rules and regulations for human health assessment the derived minimal effect
level (DMEL) was calculated to be 1 µg/m3 corresponding to an excess tumour risk of 4 out
of 1´000.
MMG will also in future depend on the use of ADC in the production process. Despite
comprehensive scientific research which included the testing of all appropriate chemicals and
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different process techniques, no alternative or substitute could be identified for ADC as
photosensitizer in the etching process. None of the options evaluated could satisfy the criteria
for the properties required.
Alternative technologies on hand are e.g., stamping covering high volume and lower
precision output and EDM for lower volume and high precision. But for all high precision
and high volume applications in the range of
microstructures/year, there is no
alternative technology to the MMG inline Reel-to-Reel lithography process. Without
authorisation of ADC these high precision products would no longer be available in the
required quality and quantity. As MMG is the sole manufacturer in the European Community
using this special high volume/high precision etching technology these components would
have to be imported of inferior quality from countries outside the European Community.
ADC is used as a functional chemical in an aqueous solution with a concentration of approx.
1% under strictly controlled conditions in a closed system. Throughout the production
process and during post-processing ADC is converted into Cr(III). Any relevant inhalation or
dermal exposure can be excluded. Applying state-of-the art determination methods no
measurable airborne quantities of ADC (concentration below 0.1 µg/m3) at the workplaces
could be identified.
The length of stay of production staff at workstations with possible exposure is between 5
and 30 min/day. Based on the ERR (exposure-risk-relationship) established by the Committee
for Risk Assessment (RAC), the human health risk is insignificant and is calculated to be in
the range of 10-6 to 10-5. Thus the human health cost is quite low and the total amount is
estimated between € 50 and € 252 per person.
After the etching process the ADC cross-linked photoresist is removed by rinsing. The waste
water from the rinsing and cleaning procedure is purified in an especially designed “heavy
metal treatment” unit. The waste water is neutralized and after treatment in a lamella
separator, the remaining waste water is processed in a bio reactor to eliminate any ADC
residues. Finally it undergoes micro-filtration to avoid any finely dispersed particles finding
their way into the local sewage plant. As ADC is a highly reactive compound a chemical
decomposition is guaranteed. Consequently the use ADC in the etching process does not
present an environmental risk.
MMG exclusively manufactures components applying inline lithography technology in the
production process. A ban of ADC would result in a complete shut-down of the entire
operations and all 50 employees would have to be made redundant. The MMG inline
lithography technology is unique in Europe and perhaps also worldwide. This technique was
especially designed and developed by the inventors in 1970 and is not commercially available
on the market.
The product portfolio is extremely specialized and no alternative technologies are on hand to
manufacture these components at the same high quality standards under mass production
conditions. The availability of this technology for micro products represents a tremendous
competitive advantage for the European industry.
In the near future, no alternative photosensitizer will be available as innovation activities in
the lithography market have slowed down which is especially true for the UV mask exposure
technology. All commercially available chemicals having photosensitizer properties were
tested for their suitability, in-house R&D projects were launched and external consultants
were contracted but despite all these efforts no substitute/alternative for ADC could be
identified. The testing of chemical compounds other than photosensitizers would involve a
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thorough analysis of these and/or any new substances. A technical R&D of this scale would
require a time-span of 12 years.
No chemical compound having adequate photosensitivity for the cross-linking in a inline
operation of the photosensitive lacquer system could be identified as alternative to ADC.
Possible photosensitizers were either not compatible or of insufficient quality and
productivity. Moreover, all photosensitizers tested were not adequately checked for toxicity
and therefore a reduced overall risk for humans and environment was not established.
Taking into account all well-founded arguments, there is no technical alternative to the use of
ADC as photosensitizer in an aqueous resist solution. All substitutes evaluated could at no
point in time meet the specific task of ADC for the application defined.
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2. AIMS AND SCOPE OF THE ANALYSIS
MMG is a manufacturer of highly accurate metal micro-components in high volumes. The
specialized etching technology enables the production of high-precision micro-structured
components, e.g. filters, sieves, grids, needles, diffusers and other products with a functional
surface. High-output production of these extremely fine structures is only possible by
applying Reel-to-Reel inline UV lithography technology. Micro structures with diameters of
20 µm and slots of 18 µm referred to a metal thickness of 0.025 mm can be realized in a 24/7
large-scale production with endless metal coils. The customer can opt for the single geometry
to be delivered in stacked plates or as separate individual parts.
For the wide field of applications there is a large variety of metals which can be used for
production. Apart from stainless steels and other high-alloy steels, nickel or other cobalt
based materials, copper and copper alloys and also amorphous and nanocrystalline materials
can processed. Under special circumstances also the processing of aluminium and its alloys is
possible.
According to our research done to-date in the field of fully interlinked production process
technology optimized to maximum output, this Reel-to-Reel UV lithography technology is
the only complete inline etching installation world-wide. There are no alternative process
technologies for the manufacturing of such extremely precise surface structures in
combination with a large-scale material output of
To achieve precise, sharp-edged structures as shown in CSR Part-B; fig. 3 and 4 (page 7) the
etching technology used and the characteristics of the photosensitive lacquer are of
significant importance. Mechanical stability, high-resolution and homogenous layer
thicknesses and finally a consistent sensitization are quality-crucial features of the lacquer.
These characteristics are mainly determined by addition of ADC as a photochemical excitable
component and consequently by the cross-linking of the photosensitive lacquer. As this is a
continuous production process, the time frame for UV exposure and the subsequent crosslinking of the photoresist molecules is very small. Also, the photosensitive lacquer has to
resist to high acid temperatures and a significant mechanical stress
None of the photosensitizers evaluated was able to meet the required specifications (see
also Appendix 2, table 7: Lacquer and process requirement specification, page 44).
ADC is used as a photosensitizer for the UV cross-linking of the resist. As ADC is not used
in the actual etching procedure, this process will not be discussed any further in the context of
the application for authorisation for ADC.
ADC is applied in the following production processes:
1.) ADC is shipped to the MMG production site under the responsibility of the supplier and
in full compliance with all applicable rules and regulations.
2.) Handling at the workplaces is in compliance with MMG Standard Operating Procedures:
transfer of ADC from container to the stock solution preparation tank, discharge of the
ADC solution into the pipeline and the subsequent transfer to the lithography system in
the coater. Measurements made applying state-of-the-art measuring techniques showed
that the airborne ADC concentration at the workplace is below the detection limit.
Conclusion: no additional risk management measures are required.
3.) Stripping of the photoresist in a closed system.
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4.) Waste water treatment: all waste waters containing ADC are collected and effectively
purified in an in-house waste water treatment plant and the amount of chromate released
after treatment is approx. 0 - 1 g/day. The waste water is micro filtered before it is
discharged into the local sewage plant.
5.) The sludge from the sludge press is handed over to a certified waste management
company for disposal.
Practicability: all operational processes and all risk management measures described have
been in place for a long period of time and have proven their effectiveness.
ADC is used as an aqueous solution in a closed system during the production process. There
is no inhalation exposure during preparation in the coater and the subsequent steps. This was
confirmed by different measurements at the workplaces. Applying state-of-the-art
determination methods the ADC concentration was always below the analytical detection
limits. ADC cannot penetrate the skin thus dermal exposure is irrelevant.
The waste water from the production process is purified in special treatment unit and the
ADC concentration in the treated waste water is according the standards set forth in the
discharge authorisation and the self-control regulations.
Today MMG manufactures technical components exclusively for industrial customers (OEM)
and the products are thus no consumer goods. After the last production step, the rinsing, there
is no detectable amount of ADC on the surface of the parts and contamination by inhalation
and/or skin contact by the customer is not possible. Consequently, there is no exposure risk
by the public as ADC is a functional chemical and only used in closed production process.
An alternative production process and/or technology for the manufacture of the different
components does not exist. The ban of ADC would result in a complete production stop and
MMG would have to close their operations.

3. APPLIED FOR “USE” SCENARIO
3.1. Analysis of substance function
In the present application request, ammonium dichromate acts as a cross-linking agent in an
aqueous photosensitive lacquer system. In a UV lithography continuous process this coating
system is applied and subsequently dried on metal strips. Depending on the final component,
a layer thickness of
is produced. This layer can be cross-linked in the range of
to a degree that the unexposed areas can later be rinsed with water in the rinsing
station.
The exposed areas do not show any delamination at the edges and are sharp-edged when
examined under a microscope. The resolution reaches up to 20µm for line geometries. The
cured lacquer structure needs to resist mechanically and chemically to the etching process
where the lacquer is exposed to chemical strain at high process temperatures
high
ferric chloride concentration of
.
The mechanical stress is extremely intensified by a process-related particularity, the so-called
overhang. The overhang describes the ratio of the developed mask diameter and the final
etched component diameter. Depending on the component this ratio can increase to the
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fold of the material lacquer thickness. A lacquer layer thickness of
has an unsupported
area of approx.
and has to withstand an alternating acid spray pressure
These functional properties described demonstrate the unique features of the photosensitive
lacquer system produced by MMG which is solely used at MMG in Müllheim.
In order to obtain a comparable reference in the search for alternative lacquer systems and/or
photosensitizers, different reference parameters for the production of a standardized reference
sample were defined. These parameters are shown in Appendix 2, table 6: Standard process
parameters, page 43. In addition to process parameters like strip velocity, nozzle spray
pressure, etcher temperature and density, the achievable quality standards are primarily
defined by the geometrical product parameters. To determine these parameters for the
standardized reference samples a resolution pattern and a grey scale pattern are applied which
providing information on the product quality. Representative patterns are shown in Appendix
2, fig. 23: Grey Scale and resolution pattern, page 43.
The summary of all mentioned lacquer features and process parameters resulted in a Lacquer
requirements specification. These specifications are shown in Appendix 2, table 7: Lacquer
and process requirement specification, page 44.

3.2. Market and business trends including the use of the substance
MMG produces highly precise micro-structured metal components for a wide range of
industrial customers. One of the mainly relevant process parameters to achieve the high
precision standards is the UV sensitive photomask and the corresponding photosensitive
lacquer. A vital ingredient of this lacquer is the functional chemical ADC as a photochemical
excitable component and consequently by the cross-linking of the photosensitive lacquer.
Other than creating extremely sharp-edged geometries this technology also allows the design
of etching flank geometries with respect to their structures and shapes. Depending on the
customer and/or application-specific requirements the single geometry can be influenced with
respect to its structure in the 3rd dimension. Mechanical stability, high-resolution and
homogenous layer thicknesses and finally a consistent sensitization are quality-crucial
features of the lacquer. These characteristics are basic requirements for the MMG inline
etching process and they are mainly determined by addition of ADC.
The performance range of the MMG technique is shown below:
Material thickness:

0.025 – 0.5 mm

Smallest hole diameter:

0.02 mm in 25µm material up to 0.4 mm in 0.5 mm material

Diameter tolerance:

+/- 0.005 mm

Smallest slot width:

0.018 mm in 25µm material up to 0.35 mm in 0.5 mm material

Materials:

steel, nickel, nickel alloys, copper, and copper alloys

Production capacity:
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Especially for applications in the automotive industry where MMG´s filter components are
used for fuel- and hydraulic applications, a trend towards smaller and more precise
geometries of the modules can be seen. In view of a further tightening of the emission
standards aiming at the reduction of CO2 emission, innovative engine designs and the
development of high-quality components are paramount. A specific example is the
development of sieve components for high pressure diesel and low pressure fuel injection
systems. For the improvement of the filter function and consequently also an increase in
operational safety, in an ambient pressure of a couple of hundred bar, a bore hole diameter of
approx. 30µm, bore tolerances of ± 5µm and a cost frameworks of < 15 cent/part are
requested. The quantities required are in the range of approx. 20´000´000 components per
year. These requirements are perfectly in line with MMG´s core competences: mass
production capabilities in high volume scales and the demand for a high precision micro
structuring technique. To fulfil the needs of these technical conditions the exception of an
inline operation and the particular properties of the UV sensitive photomask is necessary.
The ADC concentration in the photoresist is approx. 1 %. The metal is coated with the
lacquer in a completely closed system and thus there is no risk of exposure to ADC.
After UV exposure the photoresist is removed from the non-exposed areas applying a
cleaning solution and after the etching process the cross-linked photoresist is lifted off in the
stripper.
The combined cleaning solutions are treated in an especially designed waste water treatment
facility. After the cleaning process ADC is completely reduced in the waste water. Fig. 1
shows the schematic production flow.

Figure 1: Schematic production flow of ADC in the lithography process
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3.2.1. Annual tonnage
As downstream user per year 200 – 300 kg.1) 2) of phlegmatized granulate is processed.

3.3. Remaining risk of the “applied for use” scenario
The following differences had been identified:
Environmental emissions: No difference: the usage of ADC in this application did not
produce any emission in the air, did not produce any waste and
the emission into the waste water are irrelevant.
Human health:

The risk for the worker is very low (the excess tumour risk is less
than 2 cases out of 10´000 exposed employees), no exposure to
the private consumer.

Society:

No risks for the society, no health effects for the customer and
the population, no additional unemployment but therefore a
chance of an economic growth in the region, no drop of social
taxes. From the customer side there are no efforts necessary to
find new a supplier.

Alternatives:

Despite intensive research over more than 15 years, no alternative
substance could be identified to substitute ADC; application of
alternative technologies does not result in products with a
comparable quality and specification.

3.4. Human health and environmental impacts of the applied for use scenario
ADC is a genotoxic compound with no known health-based threshold value. ADC is used as
an aqueous solution and thus cannot penetrate the skin. Consequently only exposure of the
staff is evaluated.
No long-term experimental exposure data, neither for sub-chronic nor for chronic toxicity in
humans are available for ADC. Also no valid epidemiology studies are on hand.
Thus all assessments are based on the relevant literature/information available for other
chromate compounds. The most critical health risk for oral exposure is the development of a
lung tumour. Different committees apply the following exposure-risk-relationship (ERR) to
calculate the lung cancer risk for workers.
Human health impact 3)
Basis: 40 years of constant exposure to the referred concentration as TWA: taking a very
conservative approach it is expected that the employees are exposed to this concentration, as
time-weighted average, every day of the year for 40 years of their working life. This rationale
is also used in the German Technical Rule (TRGS) 910, published by the Ministry of Labour
and Social Affairs (BMAS).
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Estimated life expectancy of workers: 89 years
Relative risk (RR) ~ 2 for exposure to 12.5 mg/m3 for 40 years without background
correction for lung cancer
Excess lifetime risk with background correction for lung cancer: 50 x10-3 to 12.5 µg/m3
for 40 years
Risk-exposure-relationship: 1 µg/m3 corresponds to an excess tumour risk of 4 x10-3 (see
RAC calculation and extrapolation for chromium-VIcompounds)
Excess tumour risk at exposure to 0.1 µg/m3: 4 cases out of 10´000 exposed employees
Excess tumour risk at exposure to 0.01 µg/m3: 4 cases out of 100´000 exposed employees
Exposure measurements: 4) 5)
Workplace concentration: < 0.1 µg/m3:
Calculations are based the following concentration: 0.05 µg/m3 = (1/2 of detection limit of
0.1 µg/m3)
Duration of stay of employees with possible exposure: 5 - 30 min / day (see attached time
protocols)
Employee exposure: 0.0005 µg/m3 - 0.003 µg/m3
Employee excess tumour risk: 1 x 10-5 - 2 x 10-6
Environmental impact 6)
The use of ADC does not have any relevant environmental impact:
A) There is no emission into the air as ADC is used in a closed system in an aqueous
solution which is prepared in a closed filling station. Any emission in the air is
impossible even in case of an accident. The exposure is limited to production employees
only.
Conclusion: an exposure of production staff and employees working in non-production
areas can be excluded. Consequently any exposure of inhabitants in the vicinity (distance
< 1.5 kms) can be excluded completely.
B) All ADC-contaminated waste water is collected and treated in-house in a specially
designed waste water treatment facility for heavy metals. Exposure to humans is not
possible.
Special Tasks:
Service and maintenance work is done wearing the following personal safety equipment:
protective suit with respiratory filter category P3. These tasks are performed every 3 months
on a routine basis and also before a product change but max. 6 x per year. Duration of this
procedure is typically 4 hours and no other employees are on-site.
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3.4.1. Number of people exposed
The total number of employees is 50 and out of these 20 work in the production area with
possible exposure to ADC. Exposure of the remaining 30 employees is considered in the
CSR, Part-B, 9.0.2.2 Man via Environment, page 10.
The concentration on the workplace is below the detection limit of ADC of 0.1 µg/m³.
Assuming that the concentration in the close vicinity was 1 % of the workplace exposure, the
concentration would be below 1 ng/m³. The excess tumour risk for the employees could be
estimated to 0.5 x 4 x 10-6 = ~ 10-6. This risk is so extremely low that no further analysis will
be conducted at this point in time.

3.5. Monetised damage of human health and environmental impacts
Employee excess tumour risk: 1 x 10-5 - 2 x 10-6
Total excess tumour risk for 20 employee exposed: 2 x 10-4 - 4 x 10-5
Costs per lost year life: 55,800 € (in 2003), with inflation correction of 1%: 62,876 €
Assumed lost year(s) per tumour case: 20 years
Costs resulting from exposure to ADC:
a) 62,876 €/y x 20 years x 2 x 10-4 = 252 €
b) 62,876 €/y x 20 years x 4 x 10-5 = 50 €

4. SELECTION OF THE “NON-USE” SCENARIO
MMG applies ADC as photosensitizer for a UV sensitive lacquer. The specialized etching
technology enables the production of a wide range of components, e.g. filters, sieves, grids,
needles, diffusers and other products with a functional surface. The customer base is across
the following industry sectors: automotive, medical devices, chemical, aerospace, mechanical
engineering, building engineering, diagnostics and analysis, and photovoltaics. The
requirements vary significantly from sector to sector. Applying this etching technique
different metals mainly stainless steel but also alloys of nickel and copper can be structured.
The etching technology is a very refined, high-performance technique with sophisticated and
stable production process.
The main advantage of the etching process compared to all other micro-structuring
techniques is that high-precision structured single parts can be produced in extremely large
quantities. The continuous production process, the inline operation and the incorporated
process control guarantee for a very high precision standard as compared to other techniques
like laser micro material processing or electrical discharge machining (EDM). Especially in
laser direct structuring so-called heat affected zones (HAZ) develop leading to material
rejects (so-called burrs). Moreover, the microstructure and the mechanical properties of the
base material are altered by the heat induced. These phenomena are unknown to the Reel-toReel UV lithography process as the material is removed at temperatures below the melting
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point of metal. The etching technology is a damage-free structuring technique and postprocessing like recrystallization or de-burring is not necessary. Stamping is the process of
placing a flat metal sheet into a stamping press where a tool and die surface matrix forms the
metal into the desired microstructure. But this technology meets its boundaries when it comes
to the production of smallest geometries and the structural resolution to be realized due to the
mechanical force which needs to be applied for the plastic deformation of the base material.
Thus there are different steels which are unsuitable for the stamping technique. For
applications that call for high precision products in combination with mass production
stamped or laser parts cannot be used.
If ADC was banned these parts would have to be imported in an inferior quality from
countries outside the EC as MMG is the sole manufacturer of this type of components in the
European Community. Over the years MMG has done extensive research to find a substitute
for ADC but none of the photosensitizers evaluated could meet the required specifications.
For some OEMs customers MMG is a single source supplier and they have concluded master
supply agreements. In case of non-delivery MMG would be faced with recourse claims and
indemnity payments. At the cut-off date September 1, 2015 MMG has 11 strategic supplier
contracts representing a total penalty for non-performance of 4´700´000 €. Also, the usual
project term in the automotive industry is 7 years. In case of a non-use scenario the customer
would have undergo the costly and time-consuming process of re-validation a new supplier
for the respective components during serial production.
As per ISO/TS 16949:2009 the product development process for the product and process
development at the supplier´s requires an evaluation process of several months. According to
the service interface agreements for core suppliers of e.g., BMW AG such a supplier
nomination has to be done 45 months before series operation. The significant additional costs
in case of a re-validation for already launched serial parts can presently not be taxed.
Consequently, if the authorisation for the use of ADC would be refused, MMG would have to
shut-down their operations and make redundant all personnel.
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4.1. Efforts made to identify alternatives
4.1.1. Research and development

4.1.2. Data searches
Comprehensive literature researches were conducted for more than 10 years in order to
identify an alternative photosensitizer having less toxic properties. In consultation with
different research institutes possible alternatives were identified (see 4.1.1. above).
All possible alternative substances were tested by the own research laboratory.

4.2. Identification of known alternatives
Following substitutes based on alternative photosensitizers were evaluated:
a.) alternative materials (Alternatives 1 to 3):



Replacement of photosensitizer ADC in the lacquer system by a substitute
Tests of alternative solvent-based photosensitized lacquers

Furthermore, substitute solutions based on alternative process technologies were evaluated:
b.) alternative technologies (Alternative 4):
 Testing of alternative structuring technologies without photosensitization during the
masking process

4.3. Assessment of shortlisted alternatives
4.3.1. Alternative 11
4.3.1.1. Substance ID, properties, and availability

If the Annex XIV substance is replaced by a group of several substance and/or techniques,
include the analysis for the group as a whole in one section.
1
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Photosensitizer based on an iron-arene-complex (SYN936) with sodium chlorate. This
product is not commercially available. The synthesis was commissioned as an exclusive basic
research project in cooperation with
The following exercises were done:
 Synthesis of a sufficient amount of photo-initiator based on an aqueous resist solution
Proposals for the further direction of development and a subsequent scale-up
 Preparation and conduction of a field trial at MMG

4.3.1.2. Technical feasibility of Alternative 1
According to the reference features from Appendix 2 several test routines were run with
SYN936 and sodium chlorate. A representative choice of the different variations are
summarized in Appendix 4, table 8: Trial SYN936 and sodium perchlorate as oxidant page
64.
Test 2 (sheet 34a) and test 3 (sheet 35a) were conducted using the first photoresist
preparation 132a the lacquer was stirred for 3h at room temperature and showed a
significantly stronger turbidity than the photoresist sensitized with ADC. The resolution was
significantly inferior compared to the samples provided by the research partner.
During test 4 (sheet 38a) the developer temperature was set to 30°C a step wedge of 5 was
reached but the lines developed were very narrow. The short-wave UV filter applied in test 5
to optimize the resolution did not result in a significant improvement. In test 6 - 9 different
exposure times were applied to the photosensitive lacquer to test its chemical stability for
further processing with 60°C DI water. Even a factor 6 increase of the usual exposure time
did not show a positive result. The DI water was identified to be the possible reason for the
deterioration. Thus from test 10 onwards cold factory water was used and resulted in a
significant development improvement see also Fig.1: Test 10 (sheet 38b).
Fig.2: S0256-1 shows from left to right the test series test 10 and test 11. The acid-hardened
variant test10 shows the same stability as the ADC sensitized lacquer. Without acidhardening the layer starts to peel off after 8 min of etching.
During the evaluation of the samples it was seen that all variants that were etched for 13.3
min showed an irregular offset of the developed hole compared to the etched hole.




S256-1 38b1 E2 chromium acid hardened (Fig.3)
S0256-2 E2 40b2 alternatively hardened (Fig.4)
S025 6-2 E2 42b2 hardened with SYN936 (Fig.5)

Fig. 6: S242-3 Sh26a1 CrO3 shows the ADC sensitized reference without any offset.
Fig. 7: S0256-2 E2 41b2 shows a photo of the stripped (and etched) material of Fig.7: S02562 E2 42b2 (N.B.: different levels of magnification). It clearly shows an asymmetry of the
holes already during etching, a so-called misregistration see also Fig.3: S256-1 38b1 E2 and
Fig.5: S0256-2 E2 42b2. In a cause study hole spacing measurements on the developed image
were conducted. The hole on the etched sample seemed to be offset more often transverse to
the rolling direction than parallel. Thus the hole spacing was measured transversely to the
rolling direction. For the unetched sample the differences in spacing were within the range of
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the measurement error. Therefore, also the hole spacing of the etched sample was measured.
Also here the differences in spacing were within the range of the measurement error.
Unetched

Etched

(41b3)

(41b2)

Mean value

558 µm

559 µm

Minimum

556 µm

555 µm

Maximum

560 µm

560 µm

Standard deviation

0,9 µm

1,0 µm

Table 1: Hole spacing
Usually, the holes only show little eccentricity (some µm only) while the developed hole was
decentered from the etched hole by up to approx. 20µm. The cause of this was supposed to be
an uneven acid attack.

Figure 1: Test 10 (sheet 38b).

Figure 3: S256-1 38b1 E2

Figure 2: S0256-1

Figure 4: S0256-2 E2 40b2
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Figure 5: S0256-2 E2 42b2

Figure 6: S242-3 Sh26a1 CrO3

Figure 7: S0256-2 E2 41b2
After 2 weeks the 2nd batch of the photoresist 132b was filtered through a Seitz filter 2100
and a brown filter cake remained (see Fig.8). After a short time already a yellowish coating
formed again on the filtrate in the beaker. The stability of this photosensitive lacquer
formulation is thus insufficient for use in in-line applications.
After evaluation of the tests described under a) and b) an incompatibility of Syn936 with
sodium chlorate was diagnosed.

Figure 8: Incompatibility batch 132b
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4.3.1.3. Economic feasibility and economic impacts of Alternative 1
SYN936 with sodium chlorate is the result of an exclusive in-house basic research project
from our cooperation partner. No detailed data available.
SYN936 is not registered under REACH the toxicological properties are not examined, to
assess the full toxicological profile an investment of more than 1 Million € would be
necessary.

4.3.1.4. Availability of Alternative 1
SYN936 is not commercial available, it is a research substance and the R&D work was
exclusively commissioned by MMG.

4.3.1.5. Hazard and risk of Alternative 1
The hazard of SYN936 cannot be assessed, no test results are available.

4.3.1.6. Conclusions on Alternative 1
As a matter of fact that SYN936 does not fulfil the technical requirements (Appendix 2, table
7: Lacquer and process requirement specification, page 44) no further negotiations were
done. SYN936 with sodium chlorate cannot be used as an alternative.
UV development was only possible using cold water and consequently the adhesion to the
substrate is significantly lower than for ADC. The resolution achieved is only slightly lower
than for the current resist containing ammonium dichromate. The lacquer with chromium-free
hardener resists under standard etching conditions. After etching irregular small offsets of the
developed image relative to the etched hole can be seen, a phenomenon not yet observed with
any other lacquer. This offset of the hole etched from the top to the hole etched from below
leads to an unacceptable asymmetry.
During filtering of the lacquer a significant amount of residue was formed indicating the poor
stability of the photosensitive lacquer system. The targets and the requirements for the MMG
inline production (Appendix 2, table 7: Lacquer and process requirement specification, page
44) are thus not met. A detailed overview is given in Appendix 7, table 13: Comparison of
Alternatives.

4.3.2. Alternative 2
4.3.2.1. Substance ID, properties, and availability
Photosensitizer based on an iron-arene complex SYN936 with cumol hydroperoxide. This
product is not commercially available. The synthesis was commissioned as an exclusive basic
research project in cooperation with our cooperation partner.
The following exercises were done:
 Synthesis of a sufficient amount of photo-initiator based on an aqueous resist solution
 Proposals for the further direction of development and a subsequent scale-up
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Preparation and conduction of a field trial at MMG

4.3.2.2. Technical feasibility

The photoresist with batch number 136d was prepared with 1.4% SYN 936 and 1% cumol
hydro-peroxide and exposure tests were run. The detailed information about the testing
procedure is shown in Appendix 5, table 11: Trial SYN936 and cumol hydro-peroxide as
oxidant, page 68.
As already seen in the photosensitive lacquer batches 132a and 132b the coating adhesion for
batch 132d was also inadequate and cold municipal water had to be used for the development
procedure. This photoresist coating thus only needed approx. 1/3 of exposure time of batch
132b at the same step wedge. To avoid heat exposure in the last test performed with sheet 67b
the already low drying temperature was decreased by 5°C from 42°C to 37°C. But no
apparent improvement could be seen. The 20µm line was not properly developed (see Fig.9:
67b 20µm line) and a blue-brownish residue remained which was visible up to the 30µm line
(Fig.10: 67b 30µm line). Decreasing the exposure time is not an option as the coating already
showed signs of delamination.
Particularly striking was that the lacquer containing hydro-peroxide blistered during drying
(Fig.11: 66b, Bubbles on the coating) which was not the case for the lacquer with sodium
perchlorate (Fig.12: 51b3, in relation to coating 132b). During production these blisters
would lead to slightly etched areas on the steel surface.
The tests were abandoned at this point in time due to poor results. The testing results did not
meet the lacquer specifications, see Appendix 2, table 7: Lacquer and process requirement
specification, page 44.

Figure 9: 67b 20 µm Line

Figure 10: 67b 30 µm Line

Micrometal GmbH

23

ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS

Figure 11: 66b, Bubbles on the coating

Figure 12: 51b3, comparison with coating
132b

4.3.2.3 Economic feasibility and economic impacts

SYN936 with cumol-hydroperoxide is the result of an exclusive in-house basic reseach
project with our partner. No detailed data available.
SYN936 is not registered under REACH the toxicological properties are not examined. In
order to assess the full toxicological profile an investment of more than 1 Million € would be
necessary.
Alternative 2 did not meet MMG´s targets and technical requirements, no further negotiations
were done.

4.3.2.4 Availability

Alternative 2; SYN936 with cumol-hydroperoxide is not commercial available, it is a
research substance and the R&D work was exclusively commissioned by MMG.

4.3.2.5 Hazard risk

The hazard of SYN936 cannot be assessed, no test results are available.
4.3.2.6 Conclusions for alternative 2:

Alternative 2 is not able to substitute ADC. The targets and the requirements for MMG´s
inline production (Appendix 2, table 7: Lacquer and process requirement specification, page
44) is not met.
Analogue to alternative 1 the development was only possible in cold water. The lacquer is not
heat resistant and shows heat cross-linking already at drying temperatures of 37°C. This
represents a significantly lower resolution than achieved with lacquer containing ammonium
dichromate.
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4.3.3. Alternative 3
4.3.3.1. Substance ID, properties, and availability
is not registered under the REACH regulation and is not listed in the C&L
inventory. The toxicological and physico-chemical properties are not investigated.
with a preliminary study included an orienting literature search on
as photo crosslinking agent and a detailed information procurement to perform a well-founded assessment
of further development work. The work packages contracted were as follows:
-

Orienting literature search and market availability of the materials
Determination and recording of technical quality features
Experimental work for patent verification

4.3.3.2. Technical feasibility of Alternative 3
Based on first experiments the technical requirements for a chromium-free photosensitive
lacquer were to be determined and a possible technical line of development was to be
demonstrated. The chemicals used are stated in the table below:
Purity [%]

Producer

Supplier

≥ 99 %

Alfa Aesar

VWR
international

≥ 99 %

Chempdex

Biomol
(Adipogen)

96.4 %

Sigma-Aldrich

VWR
international

3

LOT-No

Table 2: Chemicals used
Detailed information of the test procedures are shown in appendix 6: Detailed test procedure
for chromate-free photosensitizer–A-No. S0265 + S0266.
Observations to the S265 lacquers:
1) Applying a filter of 190-400nm does not result in a decrease of the step wedge and
subsequently of the cross-linking. 44a shows a step wedge 2 at 300 s. 44c shows a
step wedge 1 at 200s. One level step wedge corresponds to a 50% difference in
exposure time. As 44a has a 50% longer exposure time the step wedge increased by
one level.
2) Using Ca-acetate an approx. 25% increase in sensitivity is achieved which is,
however, not significant.

Micrometal GmbH

25

ANALYSIS OF ALTERNATIVES and SOCIO-ECONOMIC ANALYSIS
3) A photosensitive lacquer sensitized by ammonium dichromate shows a typical step
wedge of 7 with an exposure time of 100s and development at 60°C. Using lacquer
132d an exposure time of 300s results in a step wedge of 3. This means that under the
given circumstances lacquer 132d has a decrease in sensitivity of at least factor 10.
4) The resolution is almost sufficient. But due to the low development temperature a
blue reflection of partly cross-linked resist appears which “bleeds out” from the
lacquer edges during drying.
5) Etched holes show circular chipping of the photosensitive lacquer. A further
indication for the embrittlement of the lacquer.
Observations to the S266 lacquer:
1) Under the given circumstances significantly more energy is needed to produce an
adhering coating as compared to the current used lacquer.
2) The image is blurred.
3) During development the coating loses adhesion and swells.
S265-1-4:
The following figures 13 and 14 shows some of the most distinctive effects.


Embrittlement and micro cracks already after development: Fig.13



Etched holes show circular chipping. A further indication for the embrittlement of the
lacquer: Fig.14

Figure 13: S0265-1, Sh.45b

Figure 14: Sh.52b E2 UG etched

.

S266-1-4:
The following fig. 15 to 19 shows some of the most distinctive effects.


Really poor resolution and insufficient development: Fig. 15 and 16



Resist seperating and swelling after development: Fig. 19
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Figure 15: Sh. 46a1 UG 01

Figure 16: Sh. 46a1 UG 02

Figure 17: Sh. 47a1 OG 01

Figure 18: Sh. 47a1 OG 02

Figure 19: Sh. 47a1 OG 03

4.3.3.3. Economic feasibility and economic impacts of Alternative 3
not registered under REACH and not listed in the C&L-inventory.
All

relevant
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are available in laboratory amounts exclusively. A price for an
industrial application is only available only for
The
following table 3 shows a reference price scale in volumes taken of <250g.
Supplier

Assay [%]

Volume [g]

Price [€/g]

Manufacturer

≥ 99,0

10

5,55

Fluka

Biomol

> 99

250

1,98

Chemodex

Germany

TCI
Germany

>98,0

25

2,34

TCI

Begium

Cole-Parmer

97

25

1,85

Acros
Organics

USA

Chemos

96

500

Sigma
Aldrich

-

Country

Germany

4.3.3.4. Availability of Alternative 3
DIAZIDO is not available in industrial amounts.

4.3.3.5. Hazard and risk of Alternative 3
is not registered under REACH, the toxicological properties are not examined. To
assess the full toxicological profile an investment of over 1 Million € would be necessary for
the toxicological studies only.

4.3.3.6. Conclusions on Alternative 3
The results of the experiments showed that the
investigated are of much inferior quality with respect to sensitivity, resolution and
film stability than the present coating system applied.
During the tests the best result with respect to exposure energy was a factor of 10 related to
the known ADC sensitization. When applying linear scaling of the retention time during the
exposure process a loss of productivity in the range of factor 10 is derived.
The evaluation of the experimental tests did not show any indication of pursuing this
development direction any further. A detailed overview is given in Appendix 10, table 13:
Comparison of Alternatives, page 71.
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4.3.4. Alternative 4
4.3.4.1. Substance ID, properties, and availability
In addition to substitution of the photosensitizer MMG tested also alternative structuring
technologies without photosensitization during the masking process.
The tests of alternative production technologies applying no photo cross-linking for the
masking process mainly concentrated on the following techniques:
. Feasibility studies and preliminary tests conducted
for all these technologies established their basic application suitability. During the
t trials it showed that due to process-related characteristics, specific coating systems
have to be used. The lacquer systems tested could not even remotely come up to the
productivity and the performance of the existing ADC system and consequently all related
tests were abandoned. The experience made and the process analyses conducted for
proved to be a sound basis for the project planning and the
implementation of laser direct ablation technology. MMG has already achieved a partial
.
success in further in-house development of the present lacquer system applying
After thorough spectroscopic studies of the lacquer the existing system could be made
ablation-capable by addition of ultra-fine graphite particles. For a wavelength range of
1042nm and 514nm, respectively, the adsorption capacity has improved such that the lacquer
could be masked by laser direct structuring and the application of ADC as photosensitizer
seemed no longer necessary.
Consequently MMG decided to contract an extensive baseline and process study on laser
ablation to the

4.3.4.2. Technical feasibility of Alternative 4
The technical challenge of laser direct structuring is the selective and high-precision ablation
of the lacquer coating without damaging the basic material at a continuous production speed
of
. These technical framework parameters considerably reduce the choice of
suitable laser beam sources. All commercially available laser sources for short-pulse
application in the nanosecond and millisecond range indeed remove the lacquer efficiently
but seriously damage the basic material. The high heat influx and the resulting uncontrolled
ablation of the lacquer coat make it impossible to meet the accuracy requirements of the
lacquer structuring and consequently of the subsequent etching process. In addition unwanted
changes in the structure of the basic material render the etching process uncontrollable. The
following photo shows an example of the structuring results for a thermic accumulation in the
basic material.
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Figure 20: Thermal accumulation
To circumvent this knock-out criterion, ultra-short pulse lasers were tested with a focus on
picoseconds and femtoseconds systems. Thorough basic research on the ablation threshold
and on all relevant process parameters showed that ultrashort pulse beam sources suitable for
selective lacquer ablation are commercially available. The following photo shows the results
of structuring with an ultrashort pulse laser:

Figure: 21: UKP Laser
In addition to the specification of the pulse width suitable laser systems also have to be
evaluated with respect to their repetition rate. A direct modulation capability in the upper
megahertz range is mandatory to reach the required switching times. This criterion already
shows the critical point of the envisaged technology development: the choice and/or
development of a suitable beam control system. Basically three process strategies were
evaluated:
1.) Pixel-based process (line scanning of complex geometries)
2.) Vector-based process (graphic method)
3.) Single-pulse (rotation symmetric single geometries)
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Figure 22: Process strategies
The results of all evaluated process strategies show that only the galvanometer scanner
technology meets the specifications to produce the required precision in very small lateral
ranges. Structuring has to be effected based on vector-oriented processing, i.e. the geometries
are generated by a graphic method. As the precision requirements are very high the optical
systems commercially available only cover a processing area of 70-100mm which
subsequently has to be expanded to the required bandwidth of 300mm applying a step-andrepeat process.

4.3.4.3. Economic feasibility and economic impacts of Alternative 4
The fact that top and bottom of the sheet are structured “on the fly” and taking into account
the dimensions of processing area, a total of 6 – 8 separately controlled processing laser
heads are required which have to be fed by least 2 by laser radiation sources. These have to
be synchronized for the top and the bottom application of the coil with respect to adjustment,
temperature effects and calibration effects to achieve the desired structuring accuracies in the
range of < 0.005mm. To achieve
of today´s productivity an estimated capital
expenditure of about
(without development costs) for such a unit would be
required.

4.3.4.4. Availability of Alternative 4
There are no Reel-to-Reel inline double sided laser direct masking systems available.

4.3.4.5. Hazard and risk of Alternative 4
The use of a laser direct masking operation has no REACH relevant hazards or risks.
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4.3.4.6. Conclusions on Alternative 4
The study has clearly shown that the available laser radiation sources and the systems for
rapid beam scanning are no alternatives to the existing inline lithography technology with
respect to resolution and productivity.
Finally an industrial application of the LDA technique fails due to the to-date uncontrollable
scaling effects and the resulting high investment costs.

4.4. The most likely non-use scenario
All investigated alternatives for the replacement of photosensitizer in the existing lacquer
system by a substitution failed and the alternatives were not able to substitute ADC.
Following solvent-based photosensitive lacquers were examined with respect to their possible
suitability: The following listing shows a pre-selection:
Eagle NT-90, Dow Electronic Materials
Process-related particularities so-called overhang and compensation for 3D etching is not
available in this range. Lacquer adhesion is not inferior to that of the ADC sensitized lacquer.
This product does not meet the specification as shown in appendix 2, table 7: Lacquer and
process requirement specification, page 44.
DET 922.9, HiTech Photopolymere AG
Resistance to the high temperature etching process is not given. The delamination process
starts after 6min compared to 13 min for ADC sensitized lacquer. This product does not meet
the specifications as shown in appendix 2, table 7: Lacquer and process requirement
specification, page 44.
Photoposit SN68H, Dow Electronic Materials
The resolution pattern shows a min. bridge width of the screen pattern of 80µm. ADC
sensitized lacquer allows min. resolution of 20µm. This product does not meet the
specification as shown in appendix 2, table 7: Lacquer and process requirement specification,
page 44.
MC-Dip Coating Resist, MicroChemicals GmbH, Ulm (Germany)
Lacquer overhang is not stable. Mechanical destruction in a lateral dimension of 20 -120µm
and the lacquer delaminates significantly after 6 min etching time. This product does not
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meet the specification as shown in appendix 2, table 7: Lacquer and process requirement
specification, page 44.
Lips 1198, Atotech Deutschland GmbH
Same effect as the MC-Dip coating Resist, mechanical destruction of the overhang partition
and extensive delamination. This product does not meet the specification as shown in
appendix 2, table 7: Lacquer and process requirement specification, page 44.
During application-technical tests all commercially available coating systems failed to meet
the quality of the ADC photosensitive lacquer and consequently the finished metal parts do
not come up to the quality standards of today´s inline technology.
Also to mention are the physical-chemical risks as the use of solvents may provoke the
formation of an explosive atmosphere. The modification of a fully-interlinked production line
of this size according to ATEX (Appareils destinés à être utilisés en ATmosphères
Explosives, 94/9/EC directive) requirements would involve an tremendous investments
which, given the present of the level of technology, could not be allocated to the individual
parts prices in a cost-effective manner.
All possible photosensitizers have been assessed over the last 15 years.
New areas of application in the near future could not be identified. The present technology in
place was developed in collaboration with the semi-conductor industry, which is no longer
done in Europe.
We will continue comprehensive literature search as already done in the past. If any possible
new photosensitizer is identified, MMG will conduct tests to evaluate its technical feasibility.
A realistic time frame for the discovery of a new photosensitizer cannot be set.

5. IMPACTS OF GRANTING AUTHORISATION
5.1. Economic impacts
Non-use scenario:
MMG would have to stop all production if the authorisation for ADC was not granted. All
possible alternatives to replace ADC have been evaluated thoroughly and no substitute could
be identified. A change from the Reel-to-Reel UV lithography technique to other structuring
technologies, i.e. EDM or stamping is impossible due to the technical reasons stated earlier.
For some customers in the automotive industry MMG is a single source supplier for their key
components which can consequently not be replaced by parts manufactured applying
alternative techniques.
MMG is the exclusive manufacturer of the components described using etching technology in
the EC and these parts would have to be imported from outside the EC if MMG had to stop
production. There are alternative suppliers in non-EC countries, mainly in Asia and India
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with lower manufacturing costs for the production of comparable micro components but their
quality is inferior. But MMG has a very strong market position and the customers prefer to
pay a higher price for a first-quality product manufactured in the EC.
Conclusion: if ADC was banned MMG would go bankrupt and all employees would have to
be made redundant and consequently lose their income.
Applied for use scenario:
MMG could continue production and deliver their customers with tailor-made products.
Consequence: no basic changes in technology necessary, no additional costs except R&D
activities for the ADC substitution.

5.2. Human Health or Environmental Impact
ADC is a genotoxic compound with no known health-based threshold value. ADC is used as
an aqueous solution and thus cannot penetrate the skin. Consequently only exposure of the
staff is evaluated.
No long-term experimental exposure data, neither for sub-chronic nor for chronic toxicity in
humans are available for ADC. Also no valid epidemiology studies are on hand.
Thus all assessments are based on the relevant literature/information available for other
chromate compounds. The most critical health risk for oral exposure is the development of a
lung tumour. Different committees apply the following exposure-risk-relationship (ERR) to
calculate the lung cancer risk for workers.
Human health impact 3)
Basis: 40 years of constant exposure to the referred concentration as TWA: taking a very
conservative approach it is expected that the employees are exposed to this concentration, as
time-weighted average, every day of the year for 40 years of their working life. This rationale
is also used in the German Technical Rule (TRGS) 910, published by the Ministry of Labour
and Social Affairs (BMAS).
Estimated life expectancy of workers: 89 years
Relative risk (RR) ~ 2 for exposure to 12.5 mg/m3 for 40 y without background correction
for lung cancer
Excess lifetime risk with background correction for lung cancer: 50 x10-3 to 12.5 µg/m3
for 40 y
Risk-exposure-relationship: 1 µg/m3 corresponds to an excess tumour risk of 4 x10-3 (see
RAC calculation and extrapolation for chromium-VIcompounds)
Excess tumour risk at exposure to 0.1 µg/m3: 4 cases out of 10´000 exposed employees
Excess tumour risk at exposure to 0.01 µg/m3: 4 cases out of 100´000 exposed employees
The calculated tumour risk based on the exposure measurements is above 2 cases out of
10´000 exposed employees.
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Environmental impact 6)
The use of ADC does not have any relevant environmental impact:
A) There is no emission into the air as ADC is used in a closed system in an aqueous
solution which is prepared in a closed filling station. Any emission in the air is
impossible even in case of an accident. The exposure is limited to production employees
only.
Conclusion: an exposure of production staff and employees working in non-production
areas can be excluded. Consequently any exposure of inhabitants in the vicinity (distance
< 1.5 km) can be completely be excluded.
B) All ADC-contaminated waste water is collected and treated in-house in a specially
designed waste water treatment facility for heavy metals. Exposure to humans is not
possible.

5.3. Social impacts
Non-use scenario:
MMG would have to stop production and 50 employees would lose their income.
Table 4 shows a detailed age distribution of the MMG employees:
Age [years]

Number

Percent [%]

< 25

3

6.1

25 - 45

10

20.4

45 - 50

9

18.4

50 - 55

13

26.5

> 55

14

28.6

Table 4: Age distribution of MMG employees
In total there are 55% (= 27) of the MMG employees aged over 50. Out of these 27
employees 16 have been in the Reel-to-Reel UV lithography business for more than 10 years
(most of them 20-30 years).
The official German unemployment statistics show that employees aged over 50 have lower
chances to find a new job especially when they are highly specialized. More than half of
MMG´s employees are over 50 and consequently their changes to find a new employment are
very limited.
.
Applied for use scenario: 7)
The following data are taken from 2014, which are representative for the last 3 years.
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T:
A:
Based on economic development of the last 10 years MMG expects a yearly growth rate over
the next 5 to 10 years of 10 – 15 %.

Conclusion:

In the non-use-scenario MMG would have to file bankruptcy which would
have an extremely negative impact on the employees and the society in
general.

5.4. Wider economic impacts
Not relevant

5.5. Distributional impacts


In general MMG itself, society and the customers will benefit.



The customers will be supplied with tailor-made high quality products.



Following industry sectors will benefit the most: automobile industry, mechanical
engineering, medical engineering, chemical industry, diagnostic, photovoltaic
industry.



The human health and environmental risks are negligible.



The employees will benefit as the health risk is extremely low and their jobs will be
saved.



The excess tumour risk is extremely low and there is no health impact on the
employees by the continued use of ADC.



The region where the production site is located will benefit as there will be no job
losses and no loss of tax revenues.



The continued use has no influence on the environment.



There is no negative impact on any specific industrial sector by the continued use of
ADC.



The continued use of ADC has no disadvantages.
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Risk

Cost [€]

Assessment

Employee health risk (max)

5´040

Maximum costs for
empolyees 20 x 252€

20

EBIT MMG

EBIT from 2014 (ten year
period)

MMG contractual penalty

Payment in case of notfulfilling
the
supply
Customer

Customer costs

For
redefinition
requirements profile

the

250´000 €/nomination x 11 =
2´750´000 €
80´000 €/customer x 25 =
2´000´000 €.
Table 5: Summary of impact over a 10-year period

5.6. Uncertainty analysis
MMG has diligently tested all possible alternative chemicals and techniques based on the
latest state-of-the-art and most recent scientific findings but no substitute for ADC could be
identified.
A serious cost calculation with respect to the supply chain is not feasible as alternative
techniques such as stamping cannot produce the components of the same quality and
specification. To avoid any false assumptions the costs were assumed to be zero.
All production units at MMG are exclusively designed for the etching technique which is a
unique technology.
The calculated tumour risk, based on the limited available data, used by RAC to calculate the
exposure-risk-relationship, was very conservative. Even if this calculation had
underestimated the tumour risk by a factor of ten (in this theoretical case 250 € – 1´260 €),
the total benefit for the society is

6. CONCLUSIONS
MMG has no alternative to the continued use of ADC as substitution is not possible. MMG
produces highly sophisticated technical parts for a great variety of applications and many
industrial sectors. ADC is used as a technical chemical in the form of an aqueous solution in a
closed system and under strictly controlled conditions. It is converted into a non-carcinogenic
compound during the production process.
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The health risk for the employees is very low as ADC cannot be detected in the breathing air
at the workplaces and applying analytical calculations the airborne concentration is
determined to be in the range of 10-6 to 10-5.
The waste water is treated in a special in-house heavy metal treatment facility where ADC is
completely neutralized to Chromium (III). Due to the high reactivity potential of ADC
chemical decomposition is easy. Consequently, the use of ADC in the etching process does
not represent an environmental risk.
Applying alternative technologies it is not possible to manufacture comparable microstructured high-quality metal products having similar specifications in the same high volumes
under mass production conditions.
MMG would have to stop all production if the authorisation for ADC was not granted. All
possible alternatives to replace ADC have been evaluated thoroughly and no substitute could
be identified. A change from the Reel-to-Reel UV lithography technique to other structuring
technologies, i.e. EDM or stamping is impossible due to the technical reasons stated earlier.
In the near future no alternative photosensitizer will be available and all possible chemical
compounds having photosensitizer properties were tested.

6.1. Comparison of the benefits and risk
Applied for use scenario:
Costs for human health:

50 € - 252 €

Additional costs for production reorganization:

0€

Consequences for customer:

0€

Non-use scenario:
Costs for human health:

0€

Loss of business volume (according to 5.3)

> 10´000´000 € /a (from page 36)

Contractual penalty from customer contracts:

4´700´000 € (from page 17)

Additional costs for customers 8)

4´750´000 € (from table 5, page 37)

Total amount:

min. 19´450´000 €

8)

Not known in detail, a rough estimation based on own experience and the feedback from
MMG´s current customers, the amount is probably in the 7 digit range. According to ISO/TS
16949:2009 the product development process in case of a supplier change at short notice calls
for a complex nomination procedure. Until Nov. 2015 there are
customers with existing framework supply agreements, further 25 customers without
contractual connection. In case of re-nomination of an existing serial production product,
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depending on the product version, an average of approx. 250´000 €/nomination totalling to a
risk of 2´750´000 € needs to be estimated.
250´000 €/nomination x 11 = 2´750´000 €
For the remaining sectors an average amount of approx. 80´000 €/customer has to be
budgeted resulting in a total risk of 2´000´000 €.
80´000 €/customer x 25 = 2´000´000 €
From a market perspective of today´s MMG customers this represents an additional risk of
approx.
in total. This amount does not include any additional technical
investments from the customer side.

6.2. Information for the length of the review period
In the past MMG has made considerable efforts to identify alternative photosensitizer and
process technologies. As per the documentation on hand, Buckbee Mears Europe has initiated
first research activities for ADC substitution already in the 1970s. Well-known companies
like HOECHST-Wiesbaden or NORDLAND-US were involved in these R&D projects. After
1990 the search for alternatives to ADC was intensified and continued in the different
departments. As an asset deal a part of Buckbee Mears Europe was merged into today´s
MMG in 2006. All documentation and know-how for the substitution of ADC were
transferred. In addition to the continuous activities in process development, a Business
Development Division for strategic market development and also for the search for
alternative technologies was set up in 2013. A Business Development specialist was hired
with a strong background in surface treatment technologies, e.g. laser, etching, and printing
and proven capabilities in the administration of R&D projects.
Realistically seen the chances to identify or create new compounds with photosensitizer
qualities in the near future tend towards nil. Thus it can be assumed that within the next 10 –
15 years no new photosensitizers will be available as the lithography market and the
respective component supplier are on a down-scale.
Laboratory testing of new photosensitizers for a UV lacquer takes approx. 2 years. Another 3
years have to be allowed for the subsequent determination of the respective qualities and
specifications of the structured metals. Before the customer accepts a “new” product usually
extensive in-house testing at the customer´s site is done. If results and feed-back are positive
the product has to go through all internal approval procedures. The time span from first
sampling until purchase approval is usually 3 – 5 years.
In summary, within the next 18 – 25 years there is no possibility to substitute ADC as
photosensitizer in the photoresist. Therefore a long review period of 12 years is justified
because all criteria of a long review period are given:
-

the investment to double the inline capacity is capital intensive ( approx. 15´000´000 €)

-

the research and development efforts started a long time ago, where done intensively but
the could not provide any alternatives

-

the remaining risk is low and the socio-economic benefit is high. This relation stands
since 45 years and will also not chance in the future
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6.3. Substitution effort taken by the applicant if an authorisation is granted
MMG will continue its research & development activities, scientific literature and patent
search, product screening at trade shows and supplier search. The goal is to find a new
suitable photosensitizer applicable for the MMG inline technology. This is an ongoing
process. Moreover digital masking operation will be assessed continuously and all relevant
substances and technologies will be evaluated and tested diligently as already be done in the
past.
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Annex – Justifications for Confidentiality Claims2
[insert text and table here]
Blanked
out Page
item reference
number

Justification for confidentiality

Blank # 1

…

….

Blank # 2

…

…

…

…

…

2

This annex will not be made publicly available as part of the broad information on uses package
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APPENDIXES
Appendix 1 Consultations
 Consulting contract with UMCO, chemical compliance consulting, Georg-WilhelmStr. 183, D-21107 Hamburg
 Consulting contract with GCC, Gefahrstoff Consulting Compliance, Weimarer
Straße 9, D- 67459 Böhl-Ingelheim
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Appendix 2: Lacquer and process requirement specification
Figure 23 shows the design of a grey scale and an exemplary resolution pattern. The
parameters for the production of a reference sample are given in Table 1.

Figure 23: Grey Scale and resolution pattern
Material type:
Material thickness:
Tolerance:
Roughness:
Geometry:
Layer thickness:
Etch parameters:
Targeted spray pressure
Nozzle:
Test item:
Overhang:
Table 6: Standard process parameters

When summarizing all lacquer features and process parameters the following Lacquer and
process requirements specification is obtained.
These specifications are shown Table 7:
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Item
1. Technical
aspects

Requirements

Reference

Mechanical
requirements

Chemical
requirements

Processtechnology
requiremnets
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Applicability
150m³/day
2. Economic
aspects

for

<

3. Toxicologic
aspects
Table 7: Lacquer and process requirements specification
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Appendix 3: HTP publications

Date

Occasion/Journal
Title

Presented by

2011

PCB 007 the pcb magazine July 2011 Volume 1; HTP AG
Nummer3
"Liquid
Etch
Resist
for
PWB"

2006

CircuiTree,
Februar
2006,
"Exposing the Facts about UV-

2005

PCMI
Journal
no.
97,
"New
Aqueous-Processable
Photoresist
for
High

2004

PCMI Journal No. 92, March 2004 HTP AG
"Liquid Resists for Photo Chemical Machining"

2003

MicroElectronic Engineering 67-68(2003) 259- Ph. Niedermann, H. Berthou,
265
S. Zwickel, U. Schönholzer, K.
"A novel thick photoresist for microsystem Meier, Ch. Gantner, D. Kapptechnology"
Schwoerer

2003

PCMI Journal No. 91, December
"Photoelectropolishing of stainless steel"

2000

PCMI
Journal
No.
77,
June
2000 HTP AG
"Roller-coating application of liquid photoresist
(part
I)"

1999

PCMI
Meeting,Providence
RI,
USA
"Roller-coating application of liquid photoresist
for PCM"

p10ff HTP AG
LED"

June
2005 HTP AG
KPR-Type
Definition"

2003 M. Buhlert, K. Meier, P.J.
Plath

Table 8: HTP publications
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Appendix 4: Trial SYN936 and sodium perchlorate as oxidant
Exposed

DevelopTemp.

DevelopTime

Hard.System

Hard.Time

Grey
Scale

33a

no

100s

60°C

45s

-

-

0

-

S255-1

34a

no

100s

cold DI

45s

-

-

6

blue, filaments

3

S255-1

35a

no

100s

35-28°C

45s

-

-

5

blue, filaments

4

S255-1

38a

no

100s

30°C

45s

-

-

5

blue, small filaments

5

S255-1

39a

yes

100s

30-34°C

45s

-

-

3

6

S255-1

40a

no

200s

55-60°C

45s

-

-

0

Resist lift off “blue“

7

S255-1

41a

no

330s

55-60°C

45s

-

-

0

80% Resist remains

8

S255-1

33b

no

3900mJ/300s

60-63-54°C

45s

-

-

0

Resist lift off “blue“

9

S255-1

34b

no

7800mJ/600s

59°C

45s

-

-

0

Restit remains

10

S255-1

38b

no

100s

WW/ nozzel

30s

Standard

10s

8

200°C

developed

o.k.

11

S255-1

39b

no

100s

WW/nozzel

30s

-

-

10 /8

200°C

developed

blue / open filaments

12

S256-2

40b

no

100s

WW/ nozzel

45s

Altern.1

15s

8

230°C

ok.

13

S256-2

41b

no

100s

WW/ nozzel

45s

0,5% Syn

15s

8

230°C

ok.

14

S256-2

42b

no

100s

WW/ nozzel

45s

0,5% Syn

15s

8

230°C

Ordernumber

Sheet

1

S255-1

2

Resist batch 132a

Resist batch 132b

Table 10: Trial SYN936 and sodium perchlorate as oxidant

Exposed
Temp.

Resolution at 20µm
Line

UV-Filter
190-400nm

Test

Comment

without rinsing

ok.
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Appendix 5: Trial SYN936 and cumol hydro-peroxide as oxidant

Test

1
2
3
4
5
6
7

Ordernumber
S0256-3
S0256-3
S0256-3
S0256-3
S0256-3
S0256-3
S0256-3

Resist batch 132a

Sheet

UV-Filter
190-400nm
top and below

Exposed

64a

no

100s

64b
65a
65b
66a
66b
67b

no
no
no
no
no
no

Develop.Temp.

Develop.Time

40°C hot DI

Hard.Time

12,6°C cold
tap water

45s

33s

12,6°C cold
tap water

90s

33s

12,6°C cold
tap water

45s

33s

12,6°C cold
tap water

90s

11s

12,6°C cold
tap water

45s

33s

12,6°C cold
tap water

80s

Standard
Standard
Standard
Standard
Standard
Standard

Resist batch 136d

Table 11: Trial SYN936 and cumol hydro-peroxide as oxidant
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Grey
Scale

Exposed
Temp.

Standard

100s

Resist batch 132b

Hard.System

49

Comment

Resolution at 20µm
Line

Resist lift off after
20 s

-

10s

13

230°C

Bad resolution

not developed

10s

13

230°C

Resolution acceptable

not developed

10s

6

230°C

not developed

not developed

10s

9

230°C

Blue shining

not developed

10s

6

230°C

Blue shining

blue / brown

10s

8

230°C

37°C, 9 min, no
improvement

blue / brown
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Appendix 6: Detailed test procedure for photosensitizer – A-No. S0265+S0266
Ordernumber

Sheet

UV-Filter
190-400nm

Exposed

Developed with
piped water

DevelopedTime

Hardening
Standard

HardeningTime

Grey Scale

Burn-in
Temperature

top and below

Comment

S255-2

40b

no

100s

Cold water

45s

1% Methylen
blue

15s

8

230°C

S255-2

41b

no

100s

Cold water

45s

0,5% Syn 936

15s

8

230°C

S255-2

42b

no

100s

Cold water

45s

0,5% Syn 936

15s

8

230°C

S0265-1

43b

no

100s/1300mJ

60°C

20s

no

n/a

0

n/a

3,8-4,5µm, resist lift off

S0265-1

43c

no

100s/1300mJ

21-19°C

30s

yes

10s

0

n/a

3,8-4,5µm resist lift off

S0265-1

43a

no

100s/1300mJ

16-17°C

15s

yes

10s

0

n/a

3,8-4,5µm, resist lift off

S0265-1

44b

yes

300s/3900mJ

17°C

20s

yes

10s

2

n/a

3,8-4,5µm,

S0265-1

44a

yes

300s/3900mJ

16°C

45s

yes

10s

2

n/a

3,8-4,5µm,

S0265-1

44c

yes

300s/3900mJ

50°C

20s

yes

10s

1

n/a

3,8-4,5µm,

S0265-1

45a

no

200s

30°C

20s

yes

10s

1

n/a

3,8-4,5µm,

S0265-1

45b

no

200s

14°C

30s

yes

10s

1

n/a

3,8-4,5µm, deloped

200s

16°C

45s

yes

10s

1

n/a

3,8-4,5µm lift off on the
edge

S0265-1

45c

no

Without rinsing

S0266-1

46a

no

20s

19°C

30s

-

-

0

-

pH 5,4, resist lift off

S0266-1

46b

no

20s

19°C

15s

-

-

0

-

pH 5,4, resist lift off

S0266-2

45a1

no

80s

20,5°C

30s

-

-

0

-

pH 8,2, resist lift off

S0266-2

45a2

no

80s

20°C /DI-water

15s

-

-

0

-

pH 8,2, resist lift off

S0266-2

46a1

no

80s top

20°C

30s

-

-

0

-

pH 8,2, 1,4-1,8µm, 1,41,8µm resist is ok,
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Ordernumber

Sheet

UV-Filter
190-400nm

Exposed

top and below

Developed with
piped water

DevelopedTime

Hardening
Standard

HardeningTime

Grey Scale

Burn-in
Temperature

300s below
S0266-2

S0265-3
S0265-3
S0265-3
S0265-4
S0265-4
S0265-4

geometry no symetricity

no
?? top
80s below

20°C

30s

-

-

0

-

pH8,2, 1,4-1,8µm
Trocknung 80°C. resist
is ok, geometry no
symetricity better 46a1

no

200s top
0s below

19°C

30s

-

-

0

-

4,0-6.5µm

no

400s =
5200 mJ

19°C

30s

10s

3

190-210°C

4,2-5,3µm

no

300s =
3900mJ

19°C

30s

10s

2

190-210°C

4,2-5,3µm

no

300s =
3900mJ

19°C

30s

1% Methylen
blue

10s

2

230°C

no

400s =
5200 mJ

19°C

30s

yes

10s

3-4

190-210°C

4,0-5,4µm,

no

300s =
3900mJ

19°C

30s

yes

10s

3

190-210°C

4,0-5,4µm

no

300s =
3900mJ

19°C

30s

1% Methylen
blue

10s

2

230°C

47a1

S0265-2

49a
50b
51b
52b
50a
51a
52a

Comment

yes
yes

Table 12: Detailed test procedure for photosensitizer – A-No. S0265+S0266
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4,2-5,3µm, etching until
30cm/min with defects

4,0-5,4µm, , etching until
30cm/min with defects
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Appendix 7: Comparison of Alternatives
+++
++
+
0
----

Table 13: Comparison of alternatives
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= very good
= OK
= acceptable
= neutral
= not acceptable
= not OK
= knock out

