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Abstract

Green Design has recently gained significant iisteirethe electronics industry all over the wortdlawill remain one of the
hottest topics for the upcoming years. Besidesatiaiu of consumed energy, Original Equipment Manotufeers (OEMSs) are
increasingly restricting the use of certain haleages flame retardant substances in plastics. 6&oeslow- to mid-

temperature thermoplastics, halogen free solutafnsomparable performance are commercially avalabHowever, for

certain high-temperature plastics, which are tylhicased in connectors and sockets, there may bdrop-in solution that
meets the engineering and cost targets. Furthesetnew materials require re-qualification of @atars and typically need
new capital expenditures for mold tooling to acdofam changes in processing and shrinkage. In icesteeas OEMs and
connector manufacturers may face a significant ohpa processing or electrical and mechanical pedmce as well as on
the total system cost. In this paper we reviewdheent industry status with respect to the intaiun of halogen free
plastics and will discuss various options to impdetnGreen Design solutions. These alternativeswalh significant

reduction or elimination of halogens without jeaiaing product performance, safety or cost; in sarases, the material
similarity will reduce connector re-qualificatiorr @etooling costs. The concept of Green Design @sved from the

IEC62368 standard, which is currently being disedsss a global standard within the electronics strgucovering

audio/video and IT-equipment.

Introduction
Materials used for enclosures, structural partsiasglators used in Electronics need to comply wittderwriter Laboratory
(UL94) flame retardance tests and fulfill certagtf £xtinguishing characteristics defined as V-01,W-2, HB.

Original Equipment Manufacturers (OEM) and conneattanufacturers for many years have been specifpiagtic
materials, to conform to meet the UL94-VO flammipiktandard for plastics, for connectors and stk&his generic
specification enabled the use of identical conrscand sockets in any application and no furthBemintiation needed to be
accounted for. It also gave the connector designéigher safety margin on his design. This was asy epproach to
implement, however it introduced over specificationmany of these applications.

Certain polymers such as Liquid Crystal polymer IS are intrinsically flame retardant, at leasthié thickness is not
thinner than 0.2mm. Other polymers such as polyasiwt polyesters are intrinsically not fire resista’he choice of the
right polymer is driven to a large extent by thefpenance requirements of the various connectodssackets. Polyamide
electrical isolation, which is commonly used in peator & socket housings, require flame retardaotachieve high
flammaubility ratings requested by OEMs.

To make polyesters and polyamides flame retardaotninated flame retardants (BFRs) are commonhd.uB®lyvinyl
Chloride (PVC) is used for many cables and wires whlorine acting as an efficient flame retardant.
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Figure 1. OEM YODM s halogen free roadmaps showing the major transition around 2009/2010.

Figure 1 gives a summary of OEM/ODM transition nwags towards halogen free plastics, by banningiskeof BFRs and
PVC. The three remaining halogens Astatine, Fl@and lodine are not included in the move towaaleden free plastics.
Reason is their significantly less occurrence a aselower potential risk for hazardous impact @ndertain conditions.
BFRs and PVC are non critical in daily use by thd eustomer and show very effective flame retard&Ry) activity. They
also have good performance-safety balance. Howderjnappropriate incineration (<800°C) in the eridife cycle of
electronics equipments has led to a growing contte&ahthese materials may have risks to healthtla@aeénvironment. As a
result, a number of OEMs as a part of their envitent initiatives are setting deadlines to ban e af plastics containing
halogens. These transitions will peak around 20@I2requesting now for proper halogen free sahgtiim work on the new
designs.

The move to halogen free plastics is not easyigimficance it is similar to the move earlier, hetelectronics industry to go
lead free, but with much shorter implementationetifihis brings challenges in supply chain and séigothe reliability of
halogen free flame retardants is not tested om@ term. Further, a halogen free high temperatlastip cannot be a drop in
replacement for the existing plastic with halogedatame retardant. These need to be clearly thoofghogether with the
mechanical properties, flow, and cost compromisendet the design and environmental needs.

Plastics suppliers such as DSM are active to addhessituation. DSM, as the market leader in lrigat resistance resins
with a market share of >30% in high temperature/goiides has a track record of over 15 years iruigeof halogen free
polyamides in the Electronics’ industry. With itgett involvement and membership at the Internatidglectrotechnical
Commission (IEC), DSM is equipped well to provithe best material. To provide the best total solytidSM is partnering
up with leading connector manufacturer such as Blectronics, the world’s largest connector mantufiser with >500.000
unique part numbers/year and a broad market cogerag

Such close co-operation enables solid knowledgethef flammability requirements for various applioas. When
engineering an electronics device for fire retaoyam key engineering parameter is the sourceanidl Without an ignition
source, flammability is not an issue. Ignition s|e have two fundamental categories: internal atereal. An external
source is an unrelated flame such as would be foureh a device comes into contact with a candle flame from the
candle can ignite the exterior of an electronicgiaeif it comes into contact. The other sourceguition is internal to the
device and relates to power sources. The Intemeltiglectrotechnical Committee (IEC) has propossthadard, IEC 62368,
to define these sources and the required flamniabdguirements.

This new standard lays down design consideratibmew electronics to enable them to be environnignsafe. Based on

this, possible applications can be identified wrdohnot necessarily require the highest UL94-V&drflammability rating,
but which can tolerate a UL94-V2 or HB rating.
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UL94HB™

The UL94HB, or horizontal burn, test method us@s83 to 3 mm thick polymer bar which is at leasdrbon long. A flame
is applied to the end of the bar for 30 secondsadhieve an HB rating, the materials must ceasenabust before reaching
the 100mm mark with an average burn rate of 75mmpeute or less. The material can be rated asd8thickness down
to 0.83mm. An HB rating or better is readily ackible for many plastics. UL recognizes 35,398 gsaafepolymers with an
HB rating or better and 15,789 grades with a ratidiB. This test is similar, although slightly neostringent, to the
FMVSS 302 which governs the use of materials inabmobile passenger compartment. The primargrait is a slow
flame spread that would allow the user to detedteither stop or remove them self from the situatio

UL94V>

UL94V is a more stringent flammability test thare tHL94HB test. The UL94V test method uses barsiftérént thickness
to determine the flammability rating of the bartlsitkness. A 15mm long, 13 mm wide polymer bar with desired test
thickness is oriented vertically above a Bunseméuwith a layer of surgical cotton placed 300 metoty the test sample.
First, the bottom of the test sample is ignitedapplying a flame with the Bunsen burner for a 1€ose dwell time after
which the flame is removed. The combustion timeatlan is recorded. For either the VO or V1 ratiagy flaming droplets
must not ignite the surgical cotton. The flamepsgleed at a set rate and angle for a maximum gb@ieations per bar. The
flammability score depends upon the performanceiosdisted in the table below.

The test can be repeated at varying thicknessdstesmine the minimum thickness for which a V-Onmtcan be obtained.
This vertical burn test has three performance caieg. V-0 is the most severe requirement, whilei&/#he least severe.
Flaming drips is one of the key differences betwdenV-0 and V2 rating. V1 falls between these pesformance ratings
and allows a longer combustion time compared ta Vk& differences between V1 and V-0 are fairly bianad it is rare that

engineering polymers of interest to the connectwmlustry are engineered to a performance ranking-of The most

significant difference between the V ranking and tdBking is that V rated materials must self extisf.

Table 1: Table of UL 94 Flame Ratings

94V-0 94V1 94V?2
Total combustion 50 250 250
time in seconds for
10 flame
applications
Maximum time for 10 30 30
any individual flame
occurrence
Glowing 30 60 60
combustion time in
seconds
Cotton indicator Not allowed Not allowed Allowed but cannot
ignited by flaming ignite cotton more
particles or drops than briefly.

Passing the UL 94V test with a V-0 rating requiefficient flame retardant performance, either framinherently flame

retardant material or from an additive packageti@gta V-0 rating at a small thickness is even manallenging. Some
materials have excellent flammability characterstintil the thickness is reduced below a critieaél. Thinner samples are
more likely to drip and have greater surface apeentourage combustion after the removal of thadla

UL94 5V

! Search results from the Underwriters Laboratory)Wkbsite ahttp://iq.ul.comusing a search on flammability rating of
HB or better.

ZuL 94, Test for Flammability of Plastic MaterialsrfParts in Devices and Appliances, Underwritersdratories,
29JANO1, ISBN 0-7629-0082-2.

3uL 94, Test for Flammability of Plastic MaterialsrfParts in Devices and Appliances, Underwritersdratories,
29JANO1, ISBN 0-7629-0082-2
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The UL94 5VA of 5VB test classifications are simila test method to UL94 V-0, but the acceptabiliégguirements are
more severe. Materials classified as 5VA or 5VB talso pass UL94 V-0, V-1 and V-2. The test metisosimilar to UL94
except for the flame application. The flame is &gaplt an angle of 20 degrees for 5 seconds, #m@oved for 5 seconds.
The cycle is repeated until the flame has beeniegph®@ times. After the fifth flame application, tladter flame time,
afterglow time and indications of flaming drips aezorded. Table 2 indicated the flammability cifésastion ratings for the
5V test.

Table2: Material classification ratingsfor UL94 5V tests

Criteria UL9%4 5VA UL9%4 5VB
After flame time and afterglow time after <= 60 seconds <= 60 seconds
5™ flame application
Cotton ignited by flaming particles or No No
drops
Burn through of any plaque specimen No Yes

DSM and Tyco Electronics are jointly supporting #ectronics industry to find the right flammabilitating for different
applications and as such, avoid the use of flarte¥dants to some extend in low power applicatibmsertain applications
of higher power, a higher flammability rating isjuéred.

Figure 2 shows the two possible paths which aregmed in this paper. The underlying rational wél dutlined later in the
text under the IEC62368 chapter. The path depiotethe left side of Figure 2 as UL94-VO0/V1 is sustge for applications
with a power higher than 15W. For such applicatidhe IEC standard recommends a V1 or VO flammigbiiting. This
approach has the advantage that OEMs/ODMs canneentd specify as previously. However, it posesiitant challenges
to polymer and connector suppliers and will leatiigher cost across the value chain. Typical exampf such applications
are connectors and sockets with individually highawers such as the power socket or CPU sockets.

Halogen Free Electronics

Replace Br and Cl Avoid / Reduce
by alternative FRs | usage of FRs

l
ULo4-vovL. UL94V2IHB.

l Product driven l Market and

Application driven

-> Only viable path for high power applications (>15W) -> Pioneering design concept
- “Easy” for OEMs - Requires intense customer interaction
-> Difficult Technology for all suppliers - Ensures best material performance
-> High cost (across the value chain) - No cost adder
Product and
Material development packaging design

Figure 2: Tyco Electronicsand DSM appr oach to address possible routes towar ds halogen free Electronics

The path depicted on the right side of Figure 2Ua94-V2/HB suggest the use of V2 or HB graded pdadysnfor
applications with a power less the 15W. The pioingeapproach, if followed consequently, will resultthe lowest cost for
the value chain, provide a higher mechanical peréarce for sockets and connectors and will remoe2alweight percent
of flame retardants per kilograms of polymer udddwever, the approach requires intense cooperatiooss the value
chain and some specific training to classify tightiapplications in use.
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The principle as shown in Figure 2 in also knowrGaeen DesignThis is a viable path towards a fast and cost &¥fec
move towards low halogen Electroniahich are safe and pose no threat to the envirohnsémce connectors and sockets
are the biggest areas of concern, this paper viitigrily focus on Green Design of these components.

To provide OEMs/ODMs with the best possible solitibSM has offered its entire range of polymerkatogen free grades.
To support existing designs and customers wittedifit halogen free conversion timelines, DSM carmin parallel also
the offering of existing halogenated grades. Thé/@BDM decides which material is selected.

Amorphous Semi-crystalline

Figure 3: DSM halogen free material portfolio.

In the plastics industry, the most challenging @sion to halogen free is for PVC replacement bermoPlastic
Elastomeres (TPE), especially ThermoPlastic Coptéys (TPC) and for high temperature Polyamides witelting
temperatures above ~270°C. There are experiencd®imarket, that for certain halogen free matgrialstomers have
observed high levels of brittleness, bad smelhématerial, blooming or even a significant degs&eorrosion to the tool
and screw during the processing of these halogeterials. DSM is known to be a conservative compadgly after
significant internal testing new materials will tllunched. In this paper, DSM for the first time [ielp announces the
availability of halogen free high temperature poty@es with no such issues. Stanyl NC181 is a haldgee product family
has been successfully tested for applications, evhdrigh flammability rating is required.

Furthermore, with PAAT DSM has recently announcecatirely new fundamental polymer family. PA4Tclsaracterized

by a unique balance of high melting temperatured{82, an ultra high glass transition temperature(I85°C) and the
highest stiffness among polyamides. This charatieficombined with the lowest observed blisteramgong polyamides,
make PAA4T a viable alternative for applications mehiead free Surface Mount technology (SMT) is ué28M and Tyco

Electronics have been working intensively togetbetest and qualify PA4T and the material has memessfully tested for
various applications so far which have previouslyuired LCPs.

The introduction of an entirely new generic polynrerthe chemical industry has become quite a chgdeand a unique

occasion. Any fundamental developments requiretantial investment and long range planning to emsusafe launch and
a viable product. While new polymer family intradions are rare, they are exciting times to consigsv possibilities.
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Figure 4: Theintroduction of new polymersin the chemical industry.

Figure 4 shows many of the new polymers introdusiede 1900. The majority of new polymers have begmduced
between 1930 and 1970, with a sharp decrease 8iece With PA46 and PA4T, DSM is the only compaayrécently
introduce two entirely new polymers. Continued cdtnrant to innovation is a key driver for such demhents.

PAAT has been engineered as a halogen free polgamidcessfully tested by multiple customers wittaoy issues such as
brittleness, outgasing, blooming or corrosion.

Another important material which needs to be atdélain halogen free is a high performance PVC mpizent.
ThermoPlastic Elastomers (TPE) or more specificathgrmoPlastic Copolyesters (TPC) are an ideal idatel since they
fully comply with the high requirements of the calidustry such as:

» Halogen Free

* No use of Plasticizers

» Temperature rating of 105 °C
» Excellent Chemical resistance
* UV stability

» High Flexibility

e Color Stability

e Zero re-investment on tooling
e Excellent processing

Halogen free TPC can be used in application aslsle/iPVC replacement such as:
» Power cord insulation & jacket
* USB cable Jacket
» Data Cable Jacket
» DC power cable Insulation and Jacket
e Over molding
 PVC replacements

All TPC solutions from DSM pass UL standards and-{\Wésting and comply to UL62, UL758 & tested perl881

While the Electronics industry has already sinceé&@8uccessfully launched halogen free applicatsuieh as mobile phones,
Nokia and SonyEricsson being among the first to gletely convert their product portfolio to halogéee, the PC and

Consumer Industry is following only recently witln @approx. 2 years time delay. A major differencéwieen these

industries is the use of different power levelsking such a conversion easier for the communicatidastry. Furthermore,

the halogen free PCBs used in these industriealsoeof different dimensions.

The first larger scale, halogen free PCBs, arealawg an additional level of complexity in the sstitto halogen free.
Halogen free PCBs are significantly stiffer comphi® halogenated PCBs. This result has been intadty tuned due to the
increasing move towards small pitch sizes in BalidGArray (BGA) packages and so called Wafer Le@#ip Scale
Packaging (CSP). The transition from traditior@l5mm pitch sizes to 0.4mm and 0.3mm is only pdssibthe PCB
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becomes stiffer and therefore thermal expansiahése semiconductor components becomes acceptapéss the reflow
soldering process.

However, with the first larger size halogen freeBR®eing now assembled, it appears that the CTEatch to large form
factor sockets is becoming a key issue in assenfbig. CTE mismatch leads to significant warpagaess

(@)
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(@) ;
0

=

(@] socket
= :
(<))

| -

v .
Halogenated PCB Green PCBs with lower Z-CTE

Z-CTE mismatch - too high warpage
Figure5: Warpage resulting from CTE mismatch between halogen free PCBs and long form factor sockets

Figure 5 shows the involved issue. The left sidEighire 5 shows a halogenated PCB with long forctofasocket made of a
standard LCP. Both the PCB as well as socket warpgagng the reflow process and after cooling tlaepage can relax due
to the similarity in the magnitude of warpage. @e tight side of Figure 5 the same situation isated for a stiffer halogen
free PCB with the same standard LCP used for tloketoWhile the warpage of the socket has remaidedtical, the
warpage of the halogen free PCB is in avarge ap@0% lower as compared to the halogen free PCBacél during the
cooling phase after reflow the warpage can noirefgtirely and is frozen in the system. For largenf factor sockets such
as FPC, SODIMM or DDR sockets this warpage is floeeenot acceptable anymore and will lead to aiigmt reduction
of line yield at the OEMs/ODMs. Since system cdstmtirely assembelled PCBs at this stage is higlies warpage issue
needs to be addressed with high attention andranfp the connector manufacturer to entirely newigies which can
flexibly adjust the heighth of the socket to theBP@ needs to be mentioned that any such concépseive the warpage
issue to a certain extent, but will simultaneowslo introduce additional issues and risk. It Eréifiore favourable, to have
warpage optimized polymers which are fitting to @EE range of halogen free PCBs.

Along side halogen free PA46 and PA4T grades, aiapage optimized grades based on patented teahnbkve been
developed which have been specifically tuned toresklthis warpage issue. The related CTE mismateitdeptable and
warpage criteria for the assembly of the board thedsockets have been successfully passed. The difigrence to other
warpage optimized materials such low warpage LGRhka fact, that mechanical strength, notably toegh, of PA46 and
PAAT remains high enough to cope with high piniitise forces and pressure required for DDR. Furtiwee, the high weld
line strength of PA46 & PAAT allow design optimipais in the number and location of the tool gateghat additional
warpage optimization can be achieved by the de&iGRs with their lower weld line strength imposengolimitations in the
design which also needs to adjust for low weld Etrength.

While the above shows that there are solid polyarsmutions with high flammability rating availablee will now focus on
options how to reduce the total amount of flamanddnts used in electronics. This will be basetherlEC62368 standard.

|EC 62368 standard
Currently IT and Audio/Video equipments follow twlifferent IEC standards, IEC 60950-1 and IEC 6006% IEC 62368
harmonizes these two standards covering both ITaamto/video applications. OEMs will have 5 yean@i Jan 2009 to
adopt the new standard.

This IEC standard differentiates between varioydiegtions and this presents an easier and a quwiekable solution for
designers. With this move to the new standard | is now also covering the probability of an ¢ixig, external flame
caused e.g. by a candle which can accidentallyagm electronic application when in close proxymiigure 6 shows the
overview of the new IEC standard.
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Prevent ignition Control fire spread

Figure 6: IEC62368 specification dealswith firesin electrical applications. I nternal aswell as
external firesare covered

A fire can have two sources: either it is causeadrivally within an electrical equipment by e.g. fuattioning components
or it can be caused externally e.g. by a candleeantally getting too close or in direct touch wélectrical equipment. In
case of an internal fire, a designer has two optimntake precautionary methods: he can eitheigdesie equipment to
prevent ignition, or he can design the equipmemtvimid the spread of fire.

To summarize the IEC62368 standard, we have differied between internal and external connectodsaso included
some examples to enables a fast transfer to tHeappns.

Connectors

Ignition as well as spread of an internal fire degseprimarily on the power level of the electricatuit. As shown in Figure
7, depending on the power level there can be ttmsgories, PS1, PS2, and PS3.
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Power Source

PS1
<15 Watt after 3 s
<500 Watt< 3s

circuits in
equipment
PS2
gt PS3
> PSs2

<100 Watt after5s

PS3
< 4000 Watt

PS3
> 4000 Watt

Figure7: IEC62368 classifies three different power sources PS1, PS2 and PS3.

Figure 8 shows the impact of the power source oitiay.

Electric circults

|

PS1

No PIS

PS2 + PS3

Arcing PIS
Voltage > 50 V
>15VA

|

Resistive PIS
>15 VA

Figure 8: Impact of the power source on ignition.

A PS1 is a non potential ignition source (PIS). Télated electrical powers are too low to causeignifion. In the case of
PS2 and PS3, that is not the case leading to &itieérg ignition é.9., between two connector pins) or resistive ignitjeq.,
by an overheating semiconductor component).

This classification and relation between power icirauit and potential risk of fire is importannse it can be a powerful
Green Design guideline for engineers at an eagly sf a new application.

All possible Electronics connectors can be clasdifnto internal and external connectors and vélldescribed through the
IEC recommendation on flame retardance. For intaxoianectors, designers can follow two differenbichs based on their
own preference. They can either follow a “Prevemition” path, or they can follow a “Control Igrem” path, both of which
are viable options according to the IEC standardy ©ne of them needs to be followed to providehtuhest fire safety for

electronic equipment.
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Figure 9: Prevent Ignition, internal connectors. Power level categorization and flame retar dance requirements of
internal connectors based on |EC62368 specification to prevent ignition. For illustration some connectors and
applicationsareillustrated.

Let's start with the prevent ignition case: Fig@rashows how to prevent ignition of internal coneestwith some specific
examples of the various cases. The case with B&4 bt require any material with flame retardgot. all such low power
circuits, the related internal connectors can hav#l 94-HB rating. Such HB rated connectors of angpg, weight, color
and manufacturer can be used in many differentiegtgins such as mobile phones, GPS Navigators eGsnMP3 players
or PDAs. Following this recommendation allows amiediate implementation of Green Design.

Various such HB rated materials are available frmemy suppliers including DSM and can be chosenhleyeguipment
designer or connector manufacturer based on théreefjelectrical and mechanical performance. Assallt, designers will
not only have immediate access to a green plagitiabde for high temperature ranges, but will digoable to capitalize on
the best balance between mechanical, electricdl,flav performance. Such HB rated high temperapolamides also
have higher toughness, better UV stability, high&ts and does not add any additional system cost.

Since PS2 and PS3 have sufficient power to igniterabustible material as the isolating plastic leetv connector pins,
precautions need to be taken to prevent ignitionthis case, connectors/sockets are distinguislyethd weight of the
combustible plastic used.

Only in case the weight of the plastic in the cartoeis above 4g, the IEC recommends a flame retera of at least UL94-
V1. Typical examples are e.g. the main power cotamexf a PC or CPU socket.

There are also connectors/sockets within a PS2S& &pplication, which are no PIS. This can be thgecdf multiple
connector/sockets are connected to each otheraoditional components such as converters areingée circuit. In such a
case of no PIS, the connector/socket can not igisedf and the only source of an internal ignitimmains ignition from a
different component. Therefore, the key fire safetgcaution is its distance to another PIS. If distance is higher than
50mm, then such a connector/socket is outside aitigat distances and can be designed in UL94-H&damaterial,
irrespective of its weight. In case the connectaist is within a critical distance of 50mm in piroky to another PIS,
ignition can occur. If its weight is less than 4g,if it should be located within a fire barrierL@4-HB rated material can be
used. In case the weight is higher than 4g, attled®94-V1 needs to be used for the insulation nakeof such
connectors/sockets.
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Figure 10: Control Fire Spread, internal connectors. Power level categorization and flame retardance requirements of
internal connectors based on |EC62368 specification to control the spread of fire. For illustration some connectors
and applicationsareillustrated.

Figure 10 shows a Green Design guideline to contmlspread of a fire once a component has bededgiWhile for PS1
circuits the IEC standard reveals a straight fodaehroice of UL94-HB material, a PIS in a PS2 or RB88uit is classified
now by the volume of the connector and the flantardance of the material where the connector/soisketounted to.
Since all standard PCBs are UL94-V0, the connesiokiet can be UL94-HB if its volume is less thasamnt. If the
volume is higher, then at least UL94-V1 shouldddesh. This is the case e.g. for CPU sockets.

In case of no PIS in a PS2 or PS3 circuit, UL94-¢4B be selected by designers if the distance betwead another PIS is
higher than 50mm. If the distance is smaller tham®, UL94-HB can be selected in all cases wheredm@ector/socket is
mounted on a better than UL94-V1 rated PCB, andes@mthe case if the weight of the combustible tmam this
connector/socket is lower than 4g or if a fire karsuch as e.g. a metallic housing should be ptéséts circuit. Designers
sometimes use metallic housings to shield critR@B areas against electro magnetic interferencesé&thousings are
typically also fire barriers.

In case no fire barrier is present for a no PISneator and the weight of the connector is highantig, then a flame
retardance of at least UL94-V2 is recommended.

Note that there is a distinct difference betweenttto different options of preventing ignition acahtrolling its spread. It is
the choice of the designer or the design policthefmanufacturer to choose one of these two options

Conclusionsand Summary

In the conversion of the Electronic industry todwgn free or low halogen applications, ConnectorSatkets as well as
Cables & Wires remain the most challenging ongsdbest mechanical and thermal performance reqenésn

We believe that the new IEC62368 will lay the fetimplementations of adequate standards of safetyasoid potential
product over specifications at early stages ofgieshAs a material selection criterion and in teohslesign guidelines, this
can greatly help OEMs to implement Design for Loaldtien content.
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GREEN DESIGN IN ELECTRONICS

Portable, small power applications such as mobilenps or cameras are the easiest to switch to dralége. Some
applications have already made the switch, whikeist lag behind. Higher power applications sucHesktops, notebooks
and TVs, are more demanding due to the higher redjyiower levels.

After having individual components in halogen fré®e next challenge is a complete halogen freeesysDSM and Tyco
Electronics are ready to support the electronidsistry with halogen free materials/components, lvath FR VO, V2 and
HB graded materials depending on the applicatiguirements and OEM specifications.
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