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1. ‘GREEN’MATERIAL  -DRVING FTBQB
s - ISSUES OF ENVIRONMENT AND HEALTH

ITIO

GE LAMINATE - STRUCTURE & MANUFACTURING PROCESS
- MAJOR ROLES OF EACH COMPONENT

FOUR CRITICAL ISSUES IN PACKAGE LAMINATE FOR GREEN APPLICATION

1. REMOVAL OF HALOGENATED COMPOUNDS
( FLAME RETARDANCY MECHANISMS )

2. IMPROVEMENT OF PEEL STRENGTH
3. ENHANCEMENT OF THERMAL RELIA

(LG CHEM'S LEAD FREE CONDIT® Q
( NANO PARTICLE DISPERSION TECHNOLD

4. DEVELOPMENT OF FIL{ER DISPERSION A
( PERFECT FILLER DISPERSIQN TECHEBLOGY )

A

3.
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DRIVING FORCES FOR
GREEN MATERIAL

(( Driving Forces for Green D

CC Legislation & Regulation )

<> propose to reduce WEE
* RoHS
<»bans specific substances, Pb, Hg, Cré+,Cd
PBB, PBDE :

VaseeIRENSERASERERNERANENINSENaEESRARCUARSORE RN

i « OEM’s campaign

' 5 =»provides ‘environmentally friendly’ images 5

C( Marketing Strategy )}—-’: . tocustomers :

E * OEM’s pressure E

E “»drives suppliers to use ‘green’ materials g

(G:'nvironmenl & Health Concems) SeasssassmEsszasasssaEsEsEsENEEEEsEsessEsssasaert

- i » Hazardous substances :

OO — ; - Contaminates Landfills E

WEEE : Weste lectical and Electronic Equioment i > Spoils the Environment :

«RoHS :.Re:lsri:ﬁor:: :'c :(azardous éouzfla:;:zme E > Causes lmp_ending Health Risks E

« PBB : PolyBrominated Biphenyls Senensssmssnansassensansussananssscananannasened
« PBDE : PolyBrominated Diphenyl Ethers :

« OEM : Original Equipment Manu]acturer
%

¢ Lead (Pb)
=>» Known as a neurotoxic metallic element

> absorbed by human body, primarily through the lungs and stomach
< accumulated in bone and tissues and damages internal organs, nervous system and brain

4 Comparatively, adult adsorb 10% of lead ingestion and children adsorb 50%
# Special care needs for infants and children under the age of 7 years

* Brominated and Chlorinated Compounds
=>» produce the most toxic compounds, such as dioxins, during the incineration
2 The IARC, the part of WHO, announced dioxins as the carcinogens

Ct [+] Ct

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD).

-> is associated with ozone depletion

« IARC : The International Agency of Rlessarch on Cancer
* WHO : The World Health Organization .
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DEFINITION OF
GREEN MATERIAL

CC Halogen Free )) C( Lead Free ))

wavesessumsamne NsEeususEREEEUessEENssseRERORSEERE, MUSNEasSssasEyEncsEpasesaRENERASITERRaRSIRRRRRRR,

LITERALLY NO HALOGEN ELEMENT EU End-of-Life Vehicle Directive

* No Reguiation for F & | & At « A maximum 1000 ppm of Pb, Hg, Crs*
by weight in Homogenous Material
(For Cd, 100 ppm is a maximum)

JPCA ES-01

* A maximum concentration value of
900 ppm by wgight of Bromine or Chlorine ) L

RoHS Directive

* A maximum 1000 ppm of_)Pb, Hg, Cré+, PBB
and PBDE by weight in Homogenous Materiat
(For Cd, 100 ppm is a maximum)

IEC 61249221

* A maximum 900 ppm by weight of Br or Cl

* A Maximum total amount of 1500 ppm. -~ -
by weight of Bromine & Chlorine . ..

‘GREEN COVERS BOTH HALOGEN & LEAD FREES

4PUeNEnNNEEEINYNRNES TR RRERRNUARED,
®ssesesssnacasnannnsaananynanoapunons
AU TSsnAEBsssEvNEREEUGYAREBERE AR R

sninasssssssRaNCEENENaARERyRARERRRSERD

STRUCTURE OF
PACKAGE LAMINATE

(Top View)
Die
Impedance oar ;
Resin Matrix - (PCB Substrate) ¥ | (side view)
/
\ - Favieiv) (Olv]
Filler  <mm] X
) — N 3 Sol o
Package Substrate older Ball .
Package Laminate
Glass Fabric :
) E Copper Foil
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MANUFACTURING PROCESS
OF PACKAGE LAMINATE

<2

Bonding Sheets

MAJOR ROLES OF EACH COMPONENT
IN PACKAGE LAMINATE

[e)e} o O Q
OOO OOOO
0] O :O o O

/

\

Resin Matrix
PEITTLITS esentumssssanss
i ¢ High Heat Resistance
E * Toughness

\

Glass Fabric

+ Very High Stiffness

Filler

L)
*

 High Heat Resistance

H . H H H

H H H H :
: HE P :
i *Low Dic/Df : * I.GoodDimensional Stability $  ; °Toughness :
S : : : % « Low Water Absorption :
: Low Water Absorption E E «Low CTE : : P :
i+ Peel Strength : H : t » Very High Stiffness :
E « High Stiffness E E - Laser Drillability E E « Very Low CTE E
H H H H . H
§LowCTE : : *Low Warpage : ¢ « High Flame Retardancy :
;  Good Desmear E : Low Water Ab: ti i i. Very Low Wa e :
H . * « Low Water Absorption H . H
s * Flame Retardancy H H P H HEE id . rpag H
Sacnzssssacasan sanazssassasssest Seesdsasssevessnsnanasancnanandd SasasdnssNnvsRasssRassEnanananE
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FOUR CRITICAL ISSUES IN PACKAGE
LAMINATE FOR GREEN APPLICATION

Green Package Laminate -

Development of Filler Dispersion)

Enhancement of Thermal Reliabilit@

: * New Resin System
i « Less Amount of Filler

Syassauamsswasrscesusansvenana wnanset

arsdviessansnenssssercncisnErensnencussEERaRuRRRREREn,

Non-Green Package Laminate j - New Non-Halogenated Flame Retardant ..

CRITICAL ISSUES : REMOVAL OF
HALOGENATED COMPOUNDS -~1.

L J

l Removal of Halogenated Compounds I
l New Needs of Non-Halogen Flame Retardancy System I

v 1 2
New Additive Type of Filler

New Reactive Type of Resin

* Development of self-extinguishing resin

» Modifying resin with phosphorus

: *» Modifying resin with nitrogen

( C Best Combination For Advanced Product ) )




FLAME RETARDANCY MECHANISM
“HALOGENATED COMPOUND”

l Burning Mechanism I

I « H*and OH- radical break small molecules down
: * Extinguished after no more break down of
¢ long chain polymer

Flammable Gases O, in Air
Pyrolysts H* and OH- Y co
Long chain polymer e 2
AN \ Small molecules H,0
o,inAir  Heat

l Halogenated Compound I

i « Br reacts with H* and OH-~ forming HBr
* HBr reacts again with H* and OH-, producing H,0
and Br - radical with lowered energy

ssssnen
Suesennsanat

i Flammable Gases H* and OH-
Long chain Pyrolysis HBr
Polymer with Small molecules H,0
= == Oor —
brominated A \ Heat Hel <:\= . Br-
fiame retardant 0. in Al Br-  (lowered energy)
210 Al 0, in Air

FLAME RETARDANCY MECHANISM
“PHOSPHORUS FLAME RETARDANT"”

| Phosphorus Flame Retardant I

WU NS NG ECNSEEESEGESESESESERsINNASANRSNCERNEEER SR NRERARRE,

* H*and OH- radical break small molecules down
* Extinguished after no more break down of
fong chain polymer

0, in Air
. Flammable Gases
Long chain polymer  pyrolysis  gmay motecules 4 Surface
with phosphorus ——— e
flame retardant ’ s Heat ) \ Char (C,)
0, in Air Phosphoric Acid (HPO,) H,0

Under electrical filed, they moved

4 NOTICE : summary of Faiiure History for Phasphorus Flame Retardant (July, 2002)

- Fujitsu recalled HDD (Model MPG3409AT-EF) with Sumitomo U series molding compound
The molding compound included red phosphorus particles with dielectric thin film
Instability & agglomerated phosphorus formed phosphoric acid

The phosphoric acid attacked copper and silver and ionized them

and formed dendrites between adjacent pins

Dendrite bridged two adjacent pins and electrical shorts or failure happened.

= Phosphorus compounds have ot recommended for package applications

)
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FLAME RETARDANCY MECHANISM
“NON-HALOGENATED FLAME RETARDANTS”

ssensazamansEsn “sesanpamamanse sevesssancnansmsEsEsEEnS FCIITIITH

l Nitrogen Flame Retardant I ' « Released nitrogen gas dilutes the flammable gas
A AU aS NI NGREE GO ROV IR RN NGEN AU SENESENURNRERERED ususas®

Flammable Gases

Long chain polymer Pyrolysis

L Small molecules Not Well Understood so far
with nitrogen N Heat
flame retardant ea
0,In Air N, gas
= = e e e e e e -

[P sesusensencuasunn erasscmnensnensnsnsnns
I Inorganic Flame Retardant I : * Release of non flammable gas-and dilutes flames
i « Formation of water, absorbing and cooling the heat

: * Decomposed and formed a protective layer

"
Yessannnunna

Long chai-n Pyrolysis  Non flammable gas
polymer V\."‘h Small molecules « Al(OH), decomposes around 200 ¢
inorganic A \ Metal hydroxide « Mg(OH), degrades around 300
flame retardant 0,in Air H,0
————— ( ( The Most Popular Way for Real Application ) )— ————

CRITICAL ISSUES : IMPROVEMENT OF
PEEL STRENGTH -2.

[ ]

I Incorporated Fillers into Resin System I

| Decrease of Comparative Resin Content |
I Necessity to Minimize a Drop of Peel Strength I
m
A7

L L 4
Limited Use of Filler Improved Filler Dispersion ] |§ Proper Selection of Agent

» Reducing a filler content by Prohibit a filler aggregation : |i * Selection of thermally stable
providing a flame resistance @ by improved filler dispersion : silane coupling agent after
characteristics to main resin : : treating filler surface

GawseswESNAESEEEGauEAscEssssassEsES| Esenssssenw "“"I ........ esssanens (Lasne sssesseussssEaTananaranan asun

7
( ( Best Combination For Advanced Product ) )

Yuoessmmswen
sunamsusvaEn
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CRITICAL ISSUES : ENHANCEMENT OF
THERMAL RELIABILITY -3.

[

]

| RoHS Directive = “Lead Free” Issue I

| Increase of Processing Temperature I

| Consideration to Enhance Thermal Reliability I

thermally weak components

stricter test conditions

A 4 A 4 A 4
New Technology Elimination of Thermally Optimizing Formulation
------------------- seReRGEaNDES AP Weak Com onen's
?-HigherTg&Lower CTE FTUPRRNRRRIN R, .
. « innovation of new technolog)i "' """""" eresdacananananurananey sUpgrade and Optimizing of
to enhance thermal property 2 i+ Removal and limited use of formulation to overcome

and characteristics

R S P L S esunsssa] Sesarasinee ‘I. ........

LTTTTYTTY N
Susssnunanns

........ L e

( Best Combination For Advanced Product )

ENHANCEMENT OF THERMAL RELIABILITY
“LG CHEM'S LEAD FREE CONDITION”

Many Different Lead Free Solder Alloys with Different Melting Temperatures
=» Many Different “Lead Free” Conditions with Different Reflow Cycles
= Needs to Set Standard Lead Free Condition for Development

* TAL : Temperature Above Liquidus

Alloys M.P :" O  The Highest Melting Temperature "
Sn/Pb 183 C . ; Q  The Most Suitable in General
sSn/Ag 221226 C : i O NEMIRecommended as
sn/ Ag/Bi_ ||| 206-213C | | %, industry Standard” for Lead Free Alloy f
e Y | T
Sn/Cu 227 © {0 SAC Solder as Reference
Sn/2zn 198.5 T Q  Melting Temperature : 217 C
: ; O Reflow Peak Temperature : 260 T ‘
« NEM1 : Natlona! Elsctronics Manufacturing Intiative :‘.'.DTAL.1.5(3s.e::- e -‘,':

38




ENHANCEMENT OF THERMAL RELIABILITY
“T, & CTE VS POTENTIAL FAILURE’

Linear i
Expansion Fa“gue
P A The larger
- 4 volume expansion
i R is,
S B the higher
A ’ residual stress i
A
1 ' “““““ Fracture
Temp

RT Reflow Peak Temp
The higher

possibility of

Cycling of Temperature

| More Potential Failure of A with Smaller Ty & Higher CTE I

material failure

ENHANCEMENT OF THERMAL RELIABILITY
“NANO-PARTICLE DISPERSION TECHNOLOGY”

H

NH*
NE - 0
Y N MAN
———— /1
NHS N curing
organophilic clay monomer swelling agent

polymerization

Exfoliated nano-structures
depend on a curing rate

i T o

A control of the Intergallery
self-polymerization is important

Delaying extragallery matrix
gelation is needed




NANO PARTICLE DISPERSION TECHNOLOGY
“LG-P-500PN NANO COMPOSITE”

e

layered clay
monomer

Improved
Thermal
Reliability
Conventional Delaminéted Intercalated ' Mechanical
Composite Nano-composite = Nano-composite & Pro P erties
REMOVAL AND LIMITED USE OF
THERMALLY WEAK COMPONENTS
.CCExcluding Dicy Cured System)D....-'.'.....'.'...-.--'.-..-..-.........................‘:
o0 )+ ﬂ—‘ T N 351.22%C, 95%
Wi% \ Non-Dicy Cured Epoxy
1 297.35T, 95% )}7 /
] Dicy Cured Epoxy \

| s0)- , ]@

|+t
[o 100 200 300 400 500
L Temperafure (C)

:>| Generally, Dicy-Cured Resin System Has Lower Degradation Temperature (Tq) I

s, 5
--------------------------------------------------------------------------------------------------------------
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REMOVAL AND LIMITED USE O
THERMALLY WEAK COMPONENTS

( C Degradation Temperature of Al,(OH); vs Mg(OH), ) )' """""" T

I' T s 370,64, 95%
) ™~ Mg(OH),

243.57C, 95%
AL(OH),

e

60 ' ] . ‘
[0 100 200 300 400 500
Temperature WC)

:> Mg(OH). is More Thermally Stable, But More Amount is Needed ;
i Due to Lower Degradation Temperature, Limited Use of Al,(OH); is Needed

T T T T Y Y PY T TN P TR LY sasssevsversnunan WEERAANRRsGIRNSRAENSERERRRARERNE D o

3|
I
/

CRITICAL ISSUES : DEVELOPMENT OF
FILLER DISPERSION -4.

| Hydrophilic Nature of Filler Surface I
l Agglomeration When Leaved in Bulk State I

Yy I 4

Easy to Precipitate I Non-Uniform Resin Content Through Matrix I

¥ | L4

\ 2
l Warpage I' Decrease of Peel Strength Il Uneven Dk & Df I

* Needs to prevent {
geuememsesussanen esasasnaasanane nasusaserssensusancasreranase .

k]

precipitation by agitating E a
: or circulation § : « Inevitability to take all aggregated filler particles apart :
Ssunwsan asmnoone T ---------------- ChpesssususnsasaEsEeEEE LTI R -ﬂ ------------------------------- .

[ 2
Perfect Filler Dispersion Required ) >

)
M
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DEVELOPMENT OF FILLER DISPERSION
“PREVENTION OF FILLER PRECIPITATION"

&,
L
< b

® ®
B

. Simple agitation or circulation only changes of agglomerated filler locations

DT.2view.l

= Aggregaled fillers cause the ditference of resin content on locations

= “Warpage”, “Uneven Electrical Properties”, and “Decrease of Peel Strength”

DEVELOPMENT OF FILLER DISPERSION
“PERFECT FILLER DISPERSION TECHNOLOGY (PFDT)”

Particle D s Par_ticle _Ti‘me to
Density p glem Size precipitate 10cm

H _ Fluid 9D, (D, - Dy) 0.1m 380,000 hr

> D, glem® ||y =
Density F v= 18n

Ea 10em 1m 3,800 hr
Fluid .
° Viscosity rep 10 4 38 hr

v = terminal velocity

CHEM’S

ORGININAL
TECHNOLOGY

CC Agglomerated Fillers )) C( Perfectly Dispersed Fillers ))

42




PERFECT FILLER DISPERSION TECHNOLOGY
“BEFORE AND AFTER PTFT”

",n----.------- ----- ----------------... 100

5' ® Average Particle Size : 0.8im 90

1 ® Top Particle Size : 2.25:m : E 80

i @ Agglomerated Filler Distribution; %0

: H c 60

i  -above 10m: 90% : £ 50

: -above20m:50% 2 w0

i -above 100um:3-5% i 2 30

*trasessnnencussaenansnnnunnsn esssenses® Q 99 b

10 R R AT

suREFESESERRGsanEn WeNWssEssesasmsane vy 0 G

:'. ® No Agglomerated Fillers ‘ o1 ! Size (um) 10 100

i -above10m:0% - : a6 m

i -above3m: 0% :

! -above 1um:30% : After PEDT

% . -above 0.45:m: 10% $ ~ Before PFDT

3

Yeannananss sesananassnanans snesnennans®

* No filler with size of more than 2.5;m < All Fillers are Taken Apart

= Perfect Filler Dispersion is Accomplished

SUMMARY

.
.
-
1
.
1
.
.
.
.
.
.
-
»
»

N RO GEERAEESSRSANESEIENSFTNRSEREERARRNRRANNE,

RLLLTTTTY Y

YmsssnencsaEsesusaanarERuBEnanS .

6.

----------- C S eSS eI eSS NSNSV AR RIDEEENAGA R ARG NS YA NS GAENENETNTGNAASEREROROERERTERNAY,

Based on driving forces toward ‘green’ applications, general background,
including legislation and definition, was reviewed.

Structure, manufacturing process, and major roles of each components of
‘package laminate’ were briefly presented.

Four critical issues of package laminate for green applications were suggested
and detail strategy on each issue for development was stated.

a. removal of halogenated compounds

b. improvement of peel strength

c. enhancement of thermal reliability

d. development of filler dispersion

Starting from burning mechanism, mechanisms of major flame retardants were
described and brief failure history of phosphorus flame retardant was shown.
LG CHEM’s lead free condition was clarified and several factors to increase
thermal reliability was summarized.

LG CHEM'’s technologies of both ‘nano particle dispersion’ and ‘perfect filler
dispe.rsion’ were explained and their effects were mentioned

swesanansmavsss wessnanans wesamssususssssnzmamsEa seussssssRensancaencsesennnss®

R NRNANENANNAN NG REE NN ENASARSEERICNEEIRIRINTSRRERRnEnETens®
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ORYOURPRODUGTSE

SUPERBIQUAL

RDVANCEDJPACKAGEIDAVINATEES,
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