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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	
  




