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High-Performance Silicone Materials
for High-Brightness LEDS

Ongoing advancements pave the way for high-power LEDs in broader application areas.

by Linda Kastitani, Dow Corning Corp.

[gh-brightness LEDs are incressingly being vsed
H . applications such as signs and displays, cell

phone flash modules, automotive lghting aod
general lhomination. Newer applications, however, such
as sclpd-stale Bghting. and backighting tor (et pane
LD mndtors and TV, recuine higher-brighiness LEDs
that also min katter and aperate al higher wavelenglhs
thus placing new demands on packaging materials.

Az a result of greater challenges being placed on ma-
tertals, silicones are emerging as a material of chedee
lar high-brighiness LED packaging. Silicones deliver
electrical, mechanieal and thermal perlormance un
matcherd by organic formmilations, and theey have a Long
histary of serviee In semiconductors and device pack-
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sging. They alse are well-known for thelr :-.r.:.:l'|i|||:.-I
lengevity and stress-relieving properiies.

L the pasd, epaxies and cyolo-oleln copobmmers wene
used to seal LEDs, bul these nulerdals eannol with
=tand the increasingly igh relkow temperatures requined
for newer lead-free solders, And becanse of the high
junection temperatures of blue emisslon, epoxies and
cupalymers are suscepdible tooyellowing,

Siflcone malersal can be formubated inlo several ase
Tl forms for LED applbcations. cleling gel sl eksioner
epcapsulans. They also cam be designed o cure as harl.
dhurabile solids and are now (0 commercial use as modd
ing menterials lor bricating discrete LET lenses (Flgune
1} In fact, thetr ver salility allows package designers 1o
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Ladkar the moduhes (o obsbain the opsti
muim hardness for virtually any given
application. while maintaining optical
tranaparency. Wire bond packages tvp-
ically require more fexibility o relieve
airess, for exaimphe, while msolded kerses
wflen demesre] @ ARkl abrasin-reses-
tant matertal (Figure 2],

Light extraction

A critical feature of new silicome ma-
terials designed for LED applications is
light extraction. When applied as en-
capsulants or used as lenses in LED
designs, silicones deliver some of the
highest optical transmission valucs of

any polymertc materlal. with a versa- gy 9 Siicons is ane of the ony matsrisls tat can sunive temperatures from

tile armay of products that can be for-
mulated to provide a refractive index
manging from 1.40 to 1.50. Dy closcly
matching the refractive Index of the
silicone io that of the substrate. LED
designs can mindmize interfacial bsses.
This comhbination of clarity and
malehed refractive ndex contributes
o increased Hght output and improved
lumen maintenance

Processing is another critical element
Lo muakerial selection, Surlee-mount
I-L'l!tl.!ilﬂﬂ\ﬂ‘}' 15 E!)a!i!-!‘l!!ll!'!ﬂ Irk hessme the
nmorm for mssnufcturing LED assem-
blies. Wire bonding had heen the pre-
ferred methad, butl it now has edgoifi-
cant limitations, particulariy as device
slzes continue to shrink and applica-
Liens require robust pachaging. Be-
cause surface-mounl technalogy,
proven n the semiconductor industry,

—4 1o 260 "C, which is required for sad-free soidar efiow

Is 8 good packaging fit with amall de- Figune 3. Shcomes defver some of the highest ophical fransmission values of amny
viees and boards sueh as high-begght-  Pafjmedc matenal, By ciosely matching the refracthva index of the siicons matamal

ness LEDs, encapsulants and other
materials will be reguired to eschibit op-
thcal and mochanical stability after exposure 1o lead-
free solder reflow temperatures of 260 “C. This temger-
ature 1s much hotter than the melting point reguired
fovr nlder bad-hased snlder

Organie materials are generally unable to withstand
such high heat. which has been the demand source for
more thermally stable options, Silicone ks one of the anly
materials that can endure such harsh conditions while
mamintaining clarity and physical integrity. Protective
mislerials based on silicone chemistry are typically ap-
plied to LED packages and modules with conventional
dispensing and casting techniques [Figure 3.

Besides [l:-u'k'.cll;_l,tng ;||'|'|'|I||:'n1h;,~n:=_ hlp;h-lzlarlll.' formms-
latisens have heen 1irl-.'|-'|r|'|1r~r| for manufacturing high
brighiness LET lenses beoause silicones are well-adapted
for precision molding, Micrometer-size features can be
carislently replicated on the lens surdace for directing
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I it of the subsirafe, LED designs can mimimize inferfacial lnsses

Haha it smed minimizing heat Boldup, alseang the
fabrication of lenses that can deliver specifie light in-
ferpsities and disirbution palierms, Silicones have heen
prinves] ellective in Haguid injeotion molding processes
that allow munubselurers Lo attain excellen] production
yielcls and cost efficiency.

Reliability

Devioe relialdlity and longevily n high-brighiness
LEI¥ depend heavily am the performanoe ol the packsefing
materials. Armsong the mest promdoent achvantages of sil
Icoree over s organic compelilocs is oulstanding photoe
and thermeal stabilily, Epoxy, polveartonate aml cyclo-
olefin copolymers may provide stalde light output al

Junctbon temperatures up to 120 °C, bul higher heat

Nuxes in new LED designs are pushing junction tem-
B .
permbiTes tn TAN S0 and hgnr]
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These escalating demands are pushing organke ma-
terials beyond their physical lmits. Organles are prone
to vellowing when exposed to high fhux. partly because
ol the heat generated within the system. which leads o
oxidative degradation and decreased bransmissien of
visible light. The gap becomes more acute as efficiency
mprovements lead o the commercialization of higher-
Mua welulpes e cenny Lo clydvess al Toley conrends, wiis i
ther elevaled junction lemperaiames,

Benefits of silicons

In condrasl, silicone 1s one of Lhe few material
chemsiries thatl can wiilbsianed exprsire o solcer rellomay
lemperalures of up o 2060 *C bor shor duration {I1|1'|:ng_
Fnll.:iﬂ:mi:l:lg and io l1i'|.l‘=l1 ||.||'|1'II|:||1 |1'"‘I'|'.|FI-!!L'.!I1JI‘(‘H fin service
withiil significant degradation of physical or optical
progeriles.

ARGUNER ENPGCTAN Tealure mmproviing device félia-
bility is meodsture resistance. By nature. silicones are
hydrophobic: that is, they do not easily absorb water
molecules, Yet thelr goo permenbility ol ony trapped
mobsture vapor to escape, thus climinating a potential
sotince of corresion [or adhesion problems in protective
materials]. Slicones for LED applications can be supplied
with very low konde Impuarity levels.

Higher Junction tempemmtures ate driving manufac-
turers to investigate novel ways of removing heat rom

high-brightress LED assemblies. Tranaistior rellability
and longevity are directly dependent on junction tem-
perature, and reductions as small as 10 to 15 °C can al-
mnst double device life

As part of the efforts to eliminate heat from ebectronic
assemblics, signiflcant strides have been made in the
dievelopment of silicone thermal Interface materials,
whiich wre essenially @ ety commlueiive pailveay
beetween a heat source and some other surface or mediom
[=uch as & heat sink or ambient air). Thermal interface
muterials have been produced in a variety of physical
forms that may be valuable in LED designs. including
thermally conductive adhesives, gap Qllers, gels and en-
capsulants. as well as dry, prefabricated pads and even
prhase-change materials that shiit from o solid to o lig
wir] @it & speciic temperature,

A& number of trends are deivingg the developmeni ol
esl fledials lor high-Brighlness LEDs. Slicones
allow greater performance from packaging and lens
materials withoul sacrificing cladty and are lkely (o
eontinue o ploy o hey role inomecting carrent wnd fu
tuire needs. O
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