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Executive	
  Summary	
  

Halogenated	
  flame	
  retardants	
  (HFRs)	
  have	
  been	
  used	
  effectively	
  in	
  computer	
  products	
  for	
  many	
  
years.	
   However,	
   increased	
   concerns	
   about	
   environmental	
   and	
   health	
   issues	
   related	
   to	
   HFRs,	
  
particularly	
  when	
  they	
  are	
  incinerated,	
  has	
  prompted	
  many	
  of	
  the	
  electronics	
  industry’s	
  leading	
  
original	
  equipment	
  manufacturers	
  (OEMs)	
  to	
  look	
  for	
  acceptable	
  replacement	
  materials.	
  	
  

HFRs	
   include	
   brominated	
   and	
   chlorinated	
   flame	
   retardants	
   (BFRs	
   and	
   CFRs).	
   	
   In	
   computer	
  
products,	
   these	
   materials	
   are	
   most	
   commonly	
   found	
   in	
   PCBs,	
   connectors	
   and	
   sockets,	
   fans,	
  
power	
  cords	
  and	
  internal	
  wiring.	
  

Although	
  some	
  suppliers	
  have	
  begun	
  to	
   introduce	
  new	
  HFR-­‐free	
  material,	
   the	
  supply	
  chain	
  has	
  
limited	
   experience	
  with	
   these	
   replacement	
  materials.	
   	
   In	
   complex	
   computer	
   products	
   such	
   as	
  
notebooks	
  and	
  desktops,	
  these	
  new	
  materials	
  may	
  behave	
  differently	
  than	
  the	
  flame	
  retardants	
  
they	
  are	
  replacing,	
  and	
  must	
  be	
  tested	
  and	
  qualified	
  to	
  ensure	
  performance	
  and	
  reliability.	
  

The	
  International	
  Electronics	
  Manufacturing	
  Initiative	
  (iNEMI)	
  began	
  addressing	
  this	
  issue	
  in	
  2007,	
  
and	
   our	
   members	
   are	
   fully	
   committed	
   to	
   driving	
   the	
   technical	
   evaluations	
   of	
   HFR-­‐free	
  
alternatives	
   to	
   expedite	
   the	
   transition	
   to	
   HFR-­‐free	
   computer	
   products.	
   We	
   have	
   several	
  
collaborative	
   research	
   and	
   development	
   projects	
   underway	
   to	
   evaluate	
   the	
   electrical,	
  
mechanical,	
   and	
   volume	
   readiness	
   of	
   environmentally	
   friendly	
   HFR-­‐free	
   alternatives.	
   These	
  
efforts	
   are	
   engaging	
   companies	
   that	
   represent	
   the	
   full	
   electronics	
  manufacturing	
   supply	
   chain	
  
with	
  the	
  ultimate	
  goal	
  of	
  delivering	
  industry-­‐recognized	
  environmental	
  advancements.	
  The	
  scope	
  
and	
   timeline	
   of	
   the	
   initial	
   iNEMI	
   efforts	
   outlined	
   below	
   are	
   targeting	
   implementation	
   for	
  
notebook	
   and	
   desktop	
   personal	
   computer	
   products,	
   as	
   these	
   are	
   the	
   highest	
   volume	
  
opportunities.	
  

	
  

iNEMI	
  Members	
  Drive	
  Progress	
  toward	
  Environmentally	
  Friendly	
  Computer	
  Products	
  	
  

There	
  has	
  been	
  great	
  progress	
  made	
  to	
  date	
  in	
  moving	
  computer	
  system	
  major	
  sub	
  assemblies	
  to	
  materials	
  that	
  have	
  
the	
  potential	
  to	
  minimize	
  environmental	
  impacts	
  across	
  the	
  full	
  product	
  lifecycle.	
  Our	
  members	
  are	
  fully	
  committed	
  to	
  
continuing	
  to	
  drive	
  the	
  transition	
  of	
  the	
  remaining	
  critical	
  materials	
  on	
  as	
  expedient	
  a	
  timeline	
  as	
  possible.	
  Figure	
  1	
  
shows	
  the	
  major	
  system	
  components	
  in	
  a	
  typical	
  desktop	
  computer	
  product.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Figure	
  1.	
  	
  Major	
  system	
  components	
  of	
  a	
  typical	
  desktop	
  computer.	
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A	
  number	
  of	
  low-­‐power	
  consumer	
  electronics	
  products,	
  such	
  as	
  cell	
  phones	
  and	
  DVD	
  players,	
  have	
  led	
  the	
  way	
  in	
  
achieving	
  BFR/CFR/PVC-­‐free	
  status	
  fully	
  for	
  their	
  components.	
  Indeed,	
  iNEMI’s	
  OEM	
  members	
  that	
  sell	
  desktop	
  and	
  
notebook	
  computers	
  have	
  already	
  begun	
  to	
  ship	
  specific	
  product	
  configurations	
  in	
  which	
  the	
  major	
  system	
  
components	
  are	
  almost	
  fully	
  BFR/CFR/PVC-­‐free,	
  as	
  shown	
  in	
  Table	
  1.	
  However,	
  there	
  are	
  still	
  significant	
  technical	
  
issues	
  with	
  higher	
  complexity	
  products	
  and	
  these	
  are	
  being	
  aggressively	
  evaluated	
  and	
  driven	
  by	
  the	
  iNEMI	
  project	
  
teams	
  discussed	
  below.	
  	
  	
  

	
  

Table	
  1.	
  Summary	
  of	
  Computer	
  Product	
  Advancements	
  Made	
  to	
  Date	
  	
  

Key	
  System	
  
Elements	
  

Notebook	
  Status	
  
2H	
  2010	
  New	
  Products	
  

Desktop	
  Status	
  
2H	
  2010	
  New	
  Products	
  

CPU	
  heat	
  sink	
   HFR	
  –free	
   HFR-­‐free	
  

CPU	
  socket	
   HFR-­‐free	
   HFR-­‐free	
  

CPU	
  fan	
   HFR-­‐free	
  not	
  available	
   HFR-­‐free	
  not	
  available	
  

CPU	
   HFR-­‐free	
   HFR-­‐free	
  

Memory	
  modules	
   HFR-­‐free	
   HFR-­‐free	
  

Power	
  supply	
   HFR-­‐free	
  and	
  PVC-­‐free	
  not	
  available	
  	
  	
   HFR-­‐free	
  and	
  PVC-­‐free	
  not	
  available	
  	
  

Hard	
  drive	
  &	
  DVD	
  
burner	
  	
  	
  

HFR-­‐free	
   HFR-­‐free	
  

Video/graphics	
  card	
  
or	
  module	
  

HFR-­‐free	
   HFR-­‐free	
  

Mother	
  board	
  
(excluding	
  high-­‐end	
  
circuits	
  required	
  for	
  
workstations	
  &	
  
servers)	
  

Low	
  volume,	
  specific	
  SKUs	
  only	
  
Not	
  HFR-­‐free	
  
(iNEMI	
  teams	
  addressing)	
  	
  

System	
  enclosure	
   PVC-­‐free	
   PVC-­‐free	
  

	
  

Overview	
  of	
  the	
  iNEMI	
  BFR/CFR/PVC	
  Programs	
  	
  	
  

iNEMI	
  and	
  its	
  members	
  are	
  fully	
  committed	
  to	
  driving	
  the	
  technical	
  evaluations	
  of	
  BFR/CFR/PVC-­‐free	
  alternatives	
  with	
  

our	
  programs	
  and	
  projects	
  that	
  deliver	
  industry	
  recognized	
  environmental	
  advancements	
  in	
  highly	
  challenging	
  and	
  

complex	
  products	
  and	
  supply	
  chains.	
  The	
  INEMI	
  objectives	
  are	
  to	
  engage	
  all	
  required	
  levels	
  of	
  the	
  electronics	
  

manufacturing	
  supply	
  chain	
  in	
  collaborative	
  research	
  and	
  development	
  to	
  evaluate	
  the	
  full	
  electrical,	
  mechanical,	
  and	
  

volume	
  readiness	
  of	
  environmentally	
  friendly	
  “BFR/CFR/PVC-­‐free”	
  alternatives,	
  as	
  defined	
  by	
  iNEMI’s	
  position	
  

statement	
  on	
  the	
  definition	
  of	
  “low	
  halogen”	
  for	
  electronics	
  products1,	
  and	
  to	
  implement	
  solutions	
  that	
  are	
  aligned	
  

with	
  the	
  iNEMI	
  definition.	
  Overall,	
  iNEMI	
  and	
  its	
  members	
  are	
  focused	
  on	
  specific	
  material	
  elements	
  in	
  computer	
  

products	
  that	
  offer	
  the	
  largest	
  opportunities	
  for	
  reducing	
  potentially	
  hazardous	
  compounds.	
  The	
  work	
  being	
  

performed	
  on	
  printed	
  circuit	
  boards	
  (PCBs)	
  will	
  evaluate	
  and,	
  ultimately,	
  select	
  alternative	
  materials	
  that	
  meet	
  the	
  

electrical	
  and	
  mechanical	
  characteristics	
  to	
  support	
  the	
  roadmap	
  needs	
  of	
  the	
  iNEMI	
  member	
  product	
  lines.	
  Moving	
  to	
  

BFR/CFR/PVC-­‐free	
  PCBs	
  will	
  have	
  the	
  effect	
  of	
  reducing,	
  on	
  average,	
  the	
  halogen	
  compounds	
  present	
  in	
  computer	
  

products	
  by	
  more	
  than	
  60%.	
  	
  Aggressive	
  work	
  is	
  also	
  underway	
  to	
  qualify	
  cost-­‐effective,	
  high-­‐reliability	
  alternatives	
  to	
  

PVC	
  in	
  power	
  cords	
  for	
  computer	
  products.	
  The	
  alignment	
  of	
  product	
  demand	
  and	
  supply	
  chain	
  capability	
  will	
  be	
  

driven	
  for	
  BFR/CFR-­‐free	
  PCBs,	
  PVC-­‐free	
  power	
  cords,	
  and	
  HFR/PVC-­‐free	
  alternatives	
  to	
  system	
  connectors	
  and	
  sockets	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

1	
  iNEMI	
  Position	
  Statement	
  on	
  the	
  Definition	
  of	
  “Low-­‐Halogen”	
  Electronics	
  (BFR/CFR/PVC-­‐Free),	
  July	
  1,	
  2009	
  
(http://thor.inemi.org/webdownload/projects/ese/HFR-­‐Free/Low-­‐Halogen_Def.pdf	
  )	
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as	
  outlined	
  below.	
  All	
  of	
  these	
  teams	
  are	
  studying	
  alternatives	
  from	
  a	
  full	
  product	
  lifecycle	
  perspective	
  (design	
  through	
  

end	
  of	
  life),	
  such	
  that	
  truly	
  reliable,	
  cost-­‐effective	
  and	
  environmentally	
  friendly	
  alternatives	
  will	
  be	
  qualified	
  and	
  

implemented.	
  	
  

Background	
  &	
  Role	
  of	
  Halogenated	
  Flame	
  Retardants	
  	
  

The	
  use	
  of	
  flame	
  retardants	
  (FRs),	
  which	
  extinguish	
  flames	
  should	
  an	
  overheat	
  condition	
  occur,	
  are	
  driven	
  by	
  safety	
  

specifications	
  such	
  as	
  UL94-­‐V0,	
  and	
  are	
  a	
  fundamental	
  safety	
  requirement	
  for	
  most	
  computer	
  products.	
  These	
  

materials,	
  which	
  include	
  brominated	
  flame	
  retardants	
  (BFRs),	
  chlorinated	
  flame	
  retardants	
  (CFRs)	
  and	
  polyvinyl	
  

chloride	
  (PVC),	
  have	
  been	
  used	
  by	
  the	
  electronics	
  industry	
  in	
  components	
  and	
  PCBs	
  for	
  several	
  decades	
  and	
  have	
  

proven	
  very	
  effective	
  as	
  key	
  safety	
  mechanisms.	
  Each	
  year,	
  human	
  lives	
  are	
  saved	
  because	
  of	
  their	
  usage.	
  	
  

	
  The	
  typical	
  FR	
  material	
  in	
  the	
  epoxy	
  laminate	
  materials	
  used	
  in	
  PCBs	
  is	
  the	
  brominated	
  compound	
  

tetrabromobisphenol	
  (TBBPA).	
  Recent	
  	
  research	
  into	
  the	
  results	
  of	
  environmentally	
  unfriendly	
  disposal	
  and	
  reclaim	
  

efforts	
  of	
  end-­‐of-­‐life	
  computer	
  products	
  has	
  demonstrated	
  that	
  burning	
  of	
  halogenated	
  PCBs	
  as	
  part	
  of	
  the	
  reclaim	
  

process	
  does	
  release	
  dioxins2.	
  In	
  addition,	
  recycling	
  with	
  HFRs	
  is	
  more	
  difficult	
  and,	
  therefore,	
  more	
  expensive.	
  For	
  

these	
  reasons,	
  iNEMI	
  members	
  are	
  aggressively	
  working	
  to	
  qualify	
  alternatives	
  that	
  are	
  more	
  environmentally	
  friendly	
  

over	
  the	
  full	
  lifecycle	
  of	
  the	
  materials	
  and	
  products.	
  

Issues	
  with	
  HFR-­‐Free	
  PCB	
  Alternatives	
  

The	
  HFR-­‐free	
  alternatives	
  are	
  not	
  drop-­‐in	
  replacements.	
  There	
  are	
  several	
  differences	
  in	
  the	
  HFR-­‐free	
  PCB	
  laminate	
  

materials	
  that	
  can	
  affect	
  production	
  and	
  handling	
  as	
  well	
  as	
  product	
  performance.	
  These	
  include:	
  

• Higher	
  dielectric	
  constants	
  than	
  are	
  found	
  in	
  existing	
  FR4	
  materials,	
  which	
  create	
  differences	
  in	
  electrical	
  system	
  
performance.	
  	
  

• Materials	
  are	
  stiffer	
  and	
  less	
  flexible,	
  which	
  presents	
  concerns	
  and	
  risks	
  with	
  regard	
  to	
  mechanical	
  reliability.	
  	
  

• Performance	
  of	
  the	
  PCB	
  epoxy	
  backbone	
  materials	
  is	
  changed,	
  causing	
  peel	
  strength	
  to	
  be	
  lowered	
  and/or	
  
brittleness	
  increased.	
  	
  

• Differences	
  in	
  glass	
  transition	
  temperatures	
  and	
  moisture	
  absorption,	
  which	
  can	
  move	
  in	
  both	
  directions	
  creating	
  

unpredictable	
  results	
  

• The	
  electrical	
  and	
  mechanical	
  performance	
  issues	
  noted	
  above	
  increase	
  as	
  the	
  number	
  of	
  PCB	
  layers	
  increase.	
  

These	
  and	
  other	
  factors	
  require	
  a	
  full	
  characterization	
  of	
  alternative	
  material	
  properties	
  from	
  both	
  mechanical	
  

strength	
  and	
  electrical	
  performance	
  points	
  of	
  view.	
  Of	
  ten	
  (10)	
  alternative	
  materials	
  for	
  PCBs	
  evaluated	
  during	
  the	
  

initial	
  set	
  of	
  iNEMI	
  member	
  testing,	
  none	
  of	
  them	
  performed	
  at	
  an	
  equivalent	
  level	
  of	
  mechanical	
  strength	
  as	
  

compared	
  to	
  existing	
  FR4	
  materials.3	
  Similar	
  results	
  were	
  seen	
  electrically.	
  	
  

HFR-­‐Free	
  Teams	
  and	
  Focus	
  

There	
  are	
  two	
  iNEMI	
  teams	
  —	
  one	
  focused	
  on	
  mechanical	
  reliability	
  and	
  the	
  other,	
  on	
  electrical	
  performance	
  —	
  that	
  

are	
  fully	
  evaluating	
  and	
  testing	
  alternative	
  HFR-­‐free	
  materials.	
  The	
  team	
  memberships	
  cover	
  a	
  wide	
  spectrum	
  of	
  the	
  

PCB	
  supply	
  chain	
  (raw	
  material	
  suppliers,	
  PCB	
  suppliers,	
  ODM/EMS	
  firms,	
  and	
  computer	
  OEMs),	
  and	
  they	
  are	
  on	
  track	
  

to	
  their	
  schedule	
  of	
  having	
  —	
  by	
  the	
  end	
  of	
  2011	
  —	
  a	
  list	
  of	
  approved	
  alternative	
  HFR-­‐free	
  PCB	
  materials	
  that	
  are	
  

qualified	
  and,	
  thus,	
  available	
  for	
  use	
  in	
  the	
  design	
  and	
  specification	
  of	
  new	
  products.	
  The	
  iNEMI	
  member	
  companies	
  

will	
  take	
  full	
  advantage	
  of	
  these	
  newly	
  qualified	
  alternatives	
  when	
  the	
  evaluation	
  cycle	
  completes.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

2	
  US	
  EPA,	
  “Partnership	
  to	
  Evaluate	
  Flame	
  Retardants	
  in	
  Printed	
  Circuit	
  Boards,	
  Review	
  Draft,”	
  November	
  7,	
  2008	
  
(http://www.epa.gov/dfe/pubs/projects/pcb/full_report_pcb_flame_retardants_report_draft_11_10_08_to_e.pdf)	
  
3	
  Tisdale,	
  S;	
  Long,	
  G.B.;	
  Krabbenhoft,	
  R.;	
  Papathomas,	
  K;	
  Fischer,	
  T;	
  “iNEMI	
  BFR-­‐Free	
  PCB	
  Materials	
  Evaluation	
  Project	
  Report,”	
  
SMTA	
  International,	
  Orlando,	
  Florida,	
  August	
  21,	
  2008.	
  	
  (http://thor.inemi.org/webdownload/newsroom/Presentations/BFR-­‐
Free/BFR-­‐Free_PCB_Paper.pdf)	
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Issues	
  with	
  PVC	
  Alternatives	
  

Power	
  cords	
  account	
  for	
  the	
  majority	
  of	
  PVC	
  used	
  in	
  computer	
  products	
  and,	
  therefore,	
  represent	
  a	
  significant	
  

opportunity	
  for	
  overall	
  PVC	
  reduction	
  within	
  the	
  industry.	
  	
  Similarly,	
  connectors	
  and	
  sockets	
  are	
  typically	
  made	
  with	
  

PVC	
  and	
  account	
  for	
  numerous	
  parts	
  found	
  in	
  computer	
  products.	
  

The	
  move	
  to	
  PVC-­‐free	
  plastics	
  is	
  not	
  easy.	
  The	
  challenges	
  are	
  similar	
  to	
  those	
  of	
  converting	
  the	
  electronics	
  industry	
  

supply	
  chain	
  to	
  lead-­‐free,	
  which	
  took	
  roughly	
  10	
  years;	
  however,	
  the	
  PVC	
  schedule	
  is	
  much	
  more	
  aggressive	
  at	
  just	
  

two	
  to	
  three	
  years.	
  The	
  quantity	
  of	
  unique	
  part	
  numbers	
  is	
  daunting	
  for	
  a	
  quick	
  industry	
  changeover.	
  In	
  many	
  cases,	
  

the	
  long-­‐term	
  reliability	
  of	
  PVC-­‐free	
  plastics	
  has	
  not	
  been	
  tested	
  in	
  their	
  native	
  system	
  environments.	
  	
  

Power	
  Cords	
  

	
  Power	
  cords	
  have	
  stringent	
  fire	
  safety,	
  mechanical	
  and	
  electrical	
  design	
  characteristics	
  that	
  present	
  challenges	
  when	
  

developing	
  and	
  qualifying	
  PVC	
  alternatives.	
  Additionally,	
  the	
  detailed	
  specs	
  do,	
  in	
  fact,	
  differ	
  in	
  various	
  countries	
  thus	
  

further	
  complicating	
  the	
  challenge.	
  There	
  are	
  a	
  number	
  of	
  government	
  and	
  academic	
  reports	
  on	
  environmental,	
  

health	
  and	
  safety	
  aspects	
  of	
  PVC	
  resins	
  used	
  in	
  a	
  variety	
  of	
  end	
  product	
  applications	
  (electronics,	
  building	
  materials,	
  

etc.);	
  however,	
  information	
  about	
  BFR/CFR/PVC-­‐free	
  resins	
  used	
  in	
  electronics	
  is	
  limited.	
  	
  

Phase	
  1	
  of	
  iNEMI’s	
  PVC	
  Alternatives	
  Project	
  will	
  perform	
  a	
  full	
  lifecycle	
  analysis	
  (LCA)	
  of	
  PVC	
  and	
  various	
  BFR/PVC-­‐free	
  

compounds/resins	
  using	
  standard	
  LCA	
  tools.	
  The	
  team	
  will	
  examine	
  the	
  full	
  product	
  lifecycle	
  impacts	
  of	
  the	
  various	
  

alternatives	
  from	
  raw	
  material	
  extraction	
  to	
  end	
  of	
  life,	
  including	
  specific	
  survey	
  data	
  from	
  the	
  global	
  recycling	
  

industry.	
  The	
  goal	
  is	
  to	
  replace	
  BFR/PVC	
  compounds	
  in	
  power	
  cords	
  for	
  notebook	
  and	
  desktop	
  computers	
  with	
  

environmentally	
  responsible	
  alternatives.	
  	
  

Phase	
  2	
  will	
  establish	
  an	
  understanding	
  of	
  electrical,	
  mechanical	
  and	
  safety	
  aspects	
  of	
  BFR/CFR/PVC-­‐free	
  alternatives	
  

and	
  develop,	
  manage	
  and	
  execute	
  performance	
  testing	
  of	
  these	
  alternatives.	
  The	
  results	
  from	
  this	
  project	
  may	
  form	
  a	
  

framework	
  for	
  additional	
  material	
  assessment	
  studies.	
  Information	
  about	
  the	
  UL	
  designation,	
  temperature	
  ratings,	
  

and	
  other	
  pertinent	
  parameters	
  of	
  power	
  cords	
  will	
  be	
  compiled,	
  with	
  a	
  preference	
  for	
  resins	
  having	
  UL	
  approval	
  as	
  a	
  

proxy.	
  The	
  schedule	
  for	
  completion	
  of	
  Phase	
  1	
  and	
  the	
  full	
  LCA	
  of	
  PVC	
  and	
  PVC-­‐free	
  alternatives	
  is	
  December	
  of	
  2010.	
  

The	
  preliminary	
  expectation	
  of	
  the	
  Phase	
  2	
  testing	
  period	
  is	
  that	
  it	
  will	
  leverage	
  all	
  available	
  prior	
  data	
  and	
  knowledge	
  

and	
  will	
  be	
  complete	
  by	
  the	
  end	
  of	
  2011.	
  	
  

Sockets	
  and	
  Connectors	
  

The	
  iNEMI	
  membership	
  is	
  committed	
  to	
  transitioning	
  connector	
  technologies	
  to	
  BFR/CFR/PVC-­‐free	
  materials	
  as	
  well.	
  	
  

Approximately	
  25%	
  (by	
  weight)	
  of	
  the	
  typical	
  desktop	
  or	
  server	
  motherboard	
  is	
  comprised	
  of	
  connectors.	
  Figure	
  2	
  

provides	
  an	
  example	
  of	
  a	
  desktop	
  motherboard.	
  New	
  plastic	
  materials	
  compounds	
  for	
  connectors	
  typically	
  necessitate	
  

major	
  investments	
  in	
  molds	
  and	
  tooling	
  and,	
  as	
  such,	
  require	
  a	
  commitment	
  by	
  the	
  majority	
  of	
  OEMs	
  in	
  a	
  particular	
  

industry	
  segment	
  to	
  set	
  a	
  specific	
  change	
  date.	
  A	
  target	
  date	
  drives	
  connector	
  suppliers	
  to	
  make	
  the	
  investments	
  

required	
  in	
  order	
  to	
  meet	
  the	
  industry	
  demand	
  for	
  environmentally	
  friendly	
  plastics.	
  

OEMs	
  and	
  connector	
  manufacturers	
  for	
  many	
  years	
  have	
  been	
  specifying	
  materials	
  that	
  conform	
  to	
  the	
  UL94-­‐V0	
  

flammability	
  standard	
  for	
  plastic	
  connectors	
  and	
  sockets.	
  This	
  generic	
  specification	
  enabled	
  the	
  use	
  of	
  identical	
  

connectors	
  and	
  sockets	
  in	
  any	
  application	
  and	
  no	
  further	
  differentiation	
  across	
  products	
  was	
  required.	
  This	
  was	
  an	
  

easy	
  approach	
  to	
  implement;	
  however,	
  it	
  introduced	
  “over	
  specification”	
  for	
  many	
  of	
  these	
  applications.	
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Certain	
  polymers	
  such	
  as	
  liquid	
  crystal	
  polymers	
  (LCPs),	
  polyphenylene	
  sulfide	
  (PPS),	
  polyetherimide	
  (PEI)	
  and	
  

polyether	
  sulfone	
  (PES)	
  are	
  intrinsically	
  flame	
  retardant,	
  so	
  long	
  as	
  the	
  thickness	
  is	
  not	
  less	
  than	
  0.2mm.	
  Other	
  

polymers,	
  such	
  as	
  polyamides	
  or	
  polyesters,	
  are	
  intrinsically	
  not	
  fire	
  resistant	
  and	
  require	
  flame	
  retardants	
  to	
  achieve	
  

the	
  UL94-­‐VO	
  or	
  higher	
  flammability	
  ratings.	
  Brominated	
  flame	
  retardants	
  (BFRs)	
  have	
  been	
  commonly	
  used	
  to	
  make	
  

polyesters	
  and	
  polyamides	
  flame	
  retardant.	
  

	
  Figure	
  2.	
  Sockets	
  and	
  connectors	
  comprise	
  25%	
  of	
  the	
  weight	
  of	
  a	
  typical	
  desktop	
  
motherboard,	
  such	
  as	
  the	
  one	
  shown	
  here.	
  

Additional	
  research	
  and	
  studies	
  in	
  the	
  past	
  few	
  years	
  have	
  concluded	
  that	
  the	
  UL94-­‐V0	
  specification	
  is	
  too	
  stringent	
  on	
  

connectors	
  that	
  are	
  used	
  in	
  low-­‐power	
  applications4.	
  This	
  is	
  valid	
  for	
  all	
  connectors	
  that	
  require	
  less	
  than	
  15	
  watts	
  of	
  

power	
  for	
  less	
  than	
  3	
  seconds	
  or	
  have	
  combustible	
  plastics	
  material	
  that	
  are	
  less	
  than	
  4	
  grams	
  by	
  weight.	
  If	
  either	
  of	
  

these	
  conditions	
  is	
  met,	
  the	
  connectors	
  would	
  fit	
  the	
  requirement	
  of	
  UL94HB	
  ratings	
  which	
  do	
  not	
  require	
  flame	
  

retardant	
  materials.	
  Thus,	
  they	
  all	
  would	
  be	
  BFR-­‐free.	
  Device	
  types	
  that	
  typically	
  meet	
  these	
  requirements	
  include	
  cell	
  

phones	
  and	
  PDAs,	
  and	
  in	
  computer	
  products	
  include	
  such	
  connector	
  types	
  as	
  USB,	
  SATA	
  and	
  memory	
  expansion.	
  

Other	
  high-­‐power	
  connectors,	
  such	
  as	
  CPU	
  connectors,	
  do	
  require	
  UL94-­‐VO	
  or	
  V1	
  FR	
  ratings	
  and	
  as	
  such,	
  must	
  be	
  

reengineered	
  and	
  qualified	
  with	
  alternative	
  HFR-­‐free	
  plastics.	
  It	
  should	
  be	
  noted	
  that	
  these	
  socket	
  types	
  vary	
  from	
  

netbook	
  to	
  notebook,	
  to	
  desktop,	
  to	
  server	
  products	
  (higher	
  performance,	
  different	
  profiles,	
  higher	
  power	
  as	
  you	
  

move	
  up	
  the	
  computer	
  capability	
  curve).	
  Each	
  one	
  will	
  require	
  individual	
  testing,	
  qualification	
  and	
  supplier	
  ramps	
  to	
  

support	
  the	
  changeover	
  to	
  halogen-­‐free	
  and	
  PVC-­‐free	
  alternatives.	
  	
  

As	
  with	
  PVC,	
  the	
  move	
  to	
  halogen-­‐free	
  plastics	
  has	
  not	
  been	
  easy	
  or	
  fast.	
  There	
  is	
  a	
  large	
  quantity	
  of	
  unique	
  part	
  

numbers	
  to	
  be	
  converted;	
  and,	
  in	
  many	
  cases,	
  the	
  long-­‐term	
  reliability	
  of	
  halogen-­‐free	
  flame	
  retardants	
  is	
  not	
  tested.	
  

Further,	
  a	
  halogen-­‐free	
  high-­‐temperature	
  plastic	
  cannot	
  be	
  a	
  drop-­‐in	
  replacement	
  for	
  the	
  existing	
  plastic	
  with	
  

halogenated	
  flame	
  retardant.	
  All	
  aspects	
  of	
  socket	
  and	
  connector	
  design,	
  including	
  the	
  mechanical	
  properties,	
  flow,	
  

and	
  cost	
  compromises	
  must	
  be	
  considered.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

4	
  Sidiki,	
  Tamim	
  P.;	
  Hilty,	
  Robert	
  D.;	
  “Design	
  for	
  Low-­‐Halogen	
  Green	
  Electronics,”	
  IPC	
  APEX	
  Expo	
  March	
  29	
  –	
  April	
  2	
  2009,	
  Las	
  Vegas.	
  
(http://www.dsm.com/le/en_US/stanylfortii/downloads/IPC-­‐Design_For_Low_Halogen_Green_Electronics.pdf)	
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The	
  research	
  work	
  by	
  the	
  socket/connector	
  suppliers	
  on	
  halogen-­‐free	
  parts	
  is	
  moving	
  forward.	
  Promising	
  new	
  

polymers	
  are	
  being	
  introduced	
  by	
  specific	
  vendors	
  into	
  specific	
  part	
  numbers,	
  with	
  lower	
  power	
  components	
  being	
  

the	
  first	
  to	
  benefit.	
  iNEMI	
  members	
  are	
  working	
  to	
  effect	
  as	
  rapid	
  a	
  transition	
  as	
  possible.	
  	
  

Table	
  2	
  shows	
  the	
  primary	
  functions	
  of	
  the	
  connectors,	
  along	
  with	
  their	
  status	
  and	
  the	
  timing	
  for	
  their	
  transition	
  to	
  

BFR/CFR/PVC-­‐free	
  materials.	
  These	
  dates	
  have	
  been	
  defined	
  by	
  iNEMI’s	
  desktop	
  and	
  notebook	
  OEM	
  members	
  plus	
  

their	
  material	
  suppliers;	
  and	
  they	
  apply	
  to	
  new	
  desktop	
  and	
  notebook	
  products	
  from	
  those	
  OEMs	
  that	
  will	
  begin	
  to	
  

ship	
  by	
  1Q	
  2011.	
  	
  Great	
  progress	
  has	
  been	
  made.	
  	
  	
  	
  

Connector	
  and	
  Socket	
  HFR-­‐Free	
  Advancements	
  by	
  iNEMI	
  Members	
  

Connector	
  Type/Function	
  
Notebook	
  Status	
  

Q1	
  2011	
  New	
  Products	
  
Desktop	
  Status	
  

Q1	
  2011	
  New	
  Products	
  

CPU	
  socket	
   HFR-­‐free	
   HFR-­‐free	
  

DDR3	
  SIMM	
  slots	
   HFR-­‐free	
   HFR-­‐free	
  

LCD	
  backlit	
  subcard	
   HFR-­‐free	
   HFR-­‐free	
  

Contactless	
  smart	
  card	
   HFR-­‐free	
   HFR-­‐free	
  

USB/SATA	
  combo	
  edgecard	
   HFR-­‐free	
   HFR-­‐free	
  

Fan	
  connector	
   HFR-­‐free	
   Not	
  HFR-­‐free	
  

Docking	
  connector	
   HFR-­‐free	
   HFR-­‐free	
  

Display	
  port/USB	
  combo	
   HFR-­‐free	
   HFR-­‐free	
  

RJ45	
  LED	
  connectors	
   HFR-­‐free	
   HFR-­‐free	
  

External	
  CRT	
  connector	
   HFR-­‐free	
   HFR-­‐free	
  

Mini	
  PCI-­‐E	
  socket;	
  WWAN	
  &	
  WLAN	
   HFR-­‐free	
   HFR-­‐free	
  

DC	
  In	
  cable/connector	
   HFR-­‐free	
   HFR-­‐free	
  

LCD	
  cable	
  connector	
   HFR-­‐free	
   HFR-­‐free	
  

Keyboard	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

SATA	
  bay	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

RTC	
  battery	
  socket	
   HFR	
  Free	
   HFR-­‐free	
  

Touchpad	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

Smart	
  card	
  I/F	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

SATA	
  HDD	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

Speaker	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

Main	
  battery	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

Main	
  power	
  supply	
  connectors	
   HFR	
  Free	
   HFR-­‐free	
  

MDC	
  &	
  SIM	
  connectors	
   HFR	
  Free	
   HFR-­‐free	
  

Express	
  card	
  IF	
  connector	
   HFR	
  Free	
   HFR-­‐free	
  

	
  

Conclusion	
  

In	
  summary,	
  iNEMI’s	
  OEM	
  members	
  that	
  produce	
  notebook	
  and	
  desktop	
  computers,	
  along	
  with	
  members	
  from	
  the	
  

supplier	
  side	
  of	
  the	
  industry,	
  have	
  made	
  excellent	
  progress	
  in	
  their	
  efforts	
  to	
  deliver	
  environmentally	
  friendly	
  

alternatives.	
  Their	
  work	
  has	
  been	
  focused	
  on	
  areas	
  of	
  high	
  impact	
  and	
  continues	
  to	
  be	
  focused	
  on	
  the	
  remaining	
  

opportunities.	
  As	
  noted	
  earlier	
  in	
  this	
  paper,	
  most	
  major	
  sub-­‐assemblies	
  in	
  these	
  computer	
  products	
  are	
  now	
  both	
  

PVC/HFR-­‐free.	
  The	
  remaining	
  complex	
  set	
  of	
  challenges	
  for	
  delivering	
  HFR-­‐free	
  printed	
  circuit	
  boards	
  that	
  affect	
  

system	
  motherboards,	
  graphic	
  cards	
  and	
  power	
  supplies	
  are	
  aggressively	
  being	
  driven	
  by	
  two	
  iNEMI	
  teams.	
  An	
  iNEMI	
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team	
  is	
  also	
  working	
  the	
  complex	
  set	
  of	
  issues	
  associated	
  with	
  delivering	
  PVC-­‐free	
  power	
  cords.	
  The	
  last	
  large	
  set	
  of	
  

opportunities	
  exists	
  with	
  connectors	
  and	
  sockets,	
  which	
  represent	
  25%	
  of	
  the	
  volume	
  on	
  a	
  desktop	
  computer.	
  New	
  

notebook	
  and	
  desktop	
  products	
  coming	
  to	
  the	
  market	
  from	
  iNEMI	
  members	
  in	
  Q1	
  2011	
  will	
  be	
  shipping	
  with	
  greater	
  

than	
  95%	
  of	
  sockets	
  and	
  connectors	
  HFR-­‐free.	
  Research	
  underway	
  at	
  key	
  iNEMI	
  members	
  will	
  work	
  through	
  the	
  

remaining	
  few	
  issues	
  and	
  challenges.	
  The	
  overall	
  goals	
  for	
  these	
  teams	
  are	
  to	
  deliver	
  by	
  the	
  dates	
  shown	
  in	
  Table	
  3,	
  

which	
  will	
  thus	
  affect	
  a	
  large	
  portion	
  of	
  the	
  OEM	
  volume	
  and	
  supply	
  chain	
  for	
  computer	
  products.	
  	
  

	
  

	
  

	
  

iNEMI	
  and	
  its	
  member	
  companies	
  are	
  committed	
  to	
  delivering	
  proactive	
  long-­‐term	
  solutions	
  that	
  are	
  assessed	
  from	
  a	
  

full	
  lifecycle	
  	
  standpoint	
  with	
  all	
  of	
  the	
  necessary	
  science	
  and	
  testing	
  and	
  completed	
  specifications	
  to	
  ensure	
  reliable	
  

ongoing	
  supply.	
  	
  

About	
  iNEMI	
  

The	
  International	
  Electronics	
  Manufacturing	
  Initiative’s	
  mission	
  is	
  to	
  forecast	
  and	
  accelerate	
  improvements	
  in	
  the	
  

electronics	
  manufacturing	
  industry	
  for	
  a	
  sustainable	
  future.	
  	
  This	
  industry-­‐led	
  consortium	
  is	
  made	
  up	
  of	
  more	
  than	
  80	
  

manufacturers,	
  suppliers,	
  industry	
  associations	
  and	
  consortia,	
  government	
  agencies	
  and	
  universities.	
  	
  iNEMI	
  roadmaps	
  

the	
  needs	
  of	
  the	
  electronics	
  industry,	
  identifies	
  gaps	
  in	
  the	
  technology	
  infrastructure,	
  establishes	
  implementation	
  

projects	
  to	
  eliminate	
  these	
  gaps	
  (both	
  business	
  and	
  technical),	
  and	
  stimulates	
  standards	
  activities	
  to	
  speed	
  the	
  

introduction	
  of	
  new	
  technologies.	
  	
  The	
  consortium	
  also	
  works	
  with	
  government	
  agencies,	
  universities	
  and	
  other	
  

funding	
  agencies	
  to	
  set	
  priorities	
  for	
  future	
  industry	
  needs	
  and	
  R&D	
  initiatives.	
  	
  iNEMI	
  is	
  based	
  in	
  Herndon,	
  Virginia	
  

(near	
  Washington,	
  D.C.),	
  with	
  regional	
  offices	
  in	
  Shanghai,	
  China;	
  Limerick,	
  Ireland;	
  and	
  Tokyo,	
  Japan.	
  	
  For	
  additional	
  

information	
  about	
  iNEMI,	
  go	
  to	
  http://www.inemi.org	
  	
  

	
  

	
  

	
  

Table	
  3.	
  	
  Targeted	
  Timeline	
  for	
  Transition	
  of	
  Notebook	
  and	
  Desktop	
  Products	
  	
  
to	
  HFR-­‐Free	
  Components	
  by	
  iNEMI	
  Members	
  

Focus	
   Complete	
  by	
  

Evaluate	
  and	
  qualify	
  HFR-­‐free	
  alternatives	
  for	
  high-­‐performance	
  PCBs	
   Q4	
  2011	
  

Transition	
  to	
  PVC-­‐free	
  alternatives	
  for	
  notebook/desktop	
  power	
  cords	
   Q4	
  2011	
  

Transition	
  to	
  HFR-­‐free	
  sockets/connectors	
  for	
  notebook/desktop	
  systems	
  
(for	
  at	
  least	
  95%	
  of	
  the	
  part	
  numbers	
  on	
  new	
  products	
  shipping	
  in	
  1Q	
  
2011)	
  

Q1	
  2011	
  




