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Typical LED packageTypical LED package

•• Virtually all LEDs are mounted in a package.Virtually all LEDs are mounted in a package.
•• The chipThe chip--encapsulating material advantageously possesses high optical encapsulating material advantageously possesses high optical 

transparency, a high refractive index, chemical inertness, hightransparency, a high refractive index, chemical inertness, high--temperature temperature 
stabilitystability

•• The refractive index contrast between the semiconductor and air The refractive index contrast between the semiconductor and air is reduced by is reduced by 
epoxy dome (n~1.5).epoxy dome (n~1.5).
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LED LED leadframesleadframes & power package& power package

•• The individual The individual leadframesleadframes are are 
connected via a temporary connected via a temporary 
stabilizing lead stabilizing lead 

•• The LED chip is dieThe LED chip is die--bonded to the bonded to the 
flat bottom of the reflector cupflat bottom of the reflector cup

•• Power packages have a direct, thermally Power packages have a direct, thermally 
conductive path from the LED chip, conductive path from the LED chip, 
through the package, to a heat sink (PCB)through the package, to a heat sink (PCB)

•• Al/Cu Al/Cu heatsinkheatsink slug with low thermal slug with low thermal 
resistivityresistivity

•• Silicone Silicone encapsulantencapsulant : mechanical : mechanical 
softness in its cured statesoftness in its cured state

•• Direct mount on a Si Direct mount on a Si submountsubmount : : 
electrostatic discharge protection (ESD)electrostatic discharge protection (ESD)

LowLow--power packagepower package

Power packagePower package
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Protection against electrostatic discharge (ESD)Protection against electrostatic discharge (ESD)
•• Electrostatic discharge (ESD) Electrostatic discharge (ESD) 

: one of the major failure mechanism for electronic and optoelec: one of the major failure mechanism for electronic and optoelectronic tronic 
componentscomponents

•• Charge +Q is brought into contact and discharged uniformly over Charge +Q is brought into contact and discharged uniformly over a timea time
I.I. When charge is brought into contact with cathodeWhen charge is brought into contact with cathode

–– Reverse dischargeReverse discharge
–– Equivalent circuit of C and a parallel resistor Equivalent circuit of C and a parallel resistor RRpp
–– Energy dissipation : IEnergy dissipation : I22RRppΔΔtt

2. When charge is brought into contact with anode2. When charge is brought into contact with anode
–– Forward dischargeForward discharge
–– Equivalent circuit of Equivalent circuit of VVthth and a serial resistor and a serial resistor RRss
–– VVthth+IR+IRss ≈≈ IRIRss (high current)(high current)
–– Energy dissipation : IEnergy dissipation : I22RRssΔΔtt

•• II22RRppΔΔt >>It >>I22RRssΔΔt  t  
: : Reverse discharges are more damagingReverse discharges are more damaging
than forward discharge eventthan forward discharge event
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Thermal resistance of packagesThermal resistance of packages

•• The maximum temperature of operation may be determined by,The maximum temperature of operation may be determined by,
1.1. Reliability considerationReliability consideration
2.2. Degradation of Degradation of encapsulantencapsulant
3.3. InternalInternal--quantumquantum--efficiency considerationefficiency consideration
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Chemistry of Chemistry of encapsulantsencapsulants

•• Requirements for Requirements for excapsulantsexcapsulants
: high transparency, high refractive index, chemical stability, : high transparency, high refractive index, chemical stability, high high 
temperature stability, temperature stability, hermeticityhermeticity

•• Epoxy resin Epoxy resin 

–– Common Common 
capsulantcapsulant

–– Transparent for Transparent for 
longlong--wavelength wavelength 
LEDLED

–– Chemically stable Chemically stable 
up to 120 up to 120 ooCC

•• Silicone Silicone encapsulantencapsulant

–– Thermally stable Thermally stable 
up to 190 up to 190 ooCC

•• PMMAPMMA

–– Relatively low Relatively low 
refractive indexrefractive index
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Advanced Advanced encapsulantencapsulant structuresstructures

• Graded-index encapsulant
- The layer of highest refractive index is in contact with 

the semiconductor chip.  The outer layers of the 
encapsulant have lower refractive indices.

- Mineral diffuser: causes light to reflect, refract, and 
scatter, thereby randomizing the propagation 
direction and isotropizing the far-field distribution.  
TiO2, CaF2, SiO2, CaCO3, BaSO4.

- Nanoparticles: titania, magnesia, yttria, zirconia, 
alumina, GaN, AlN, ZnO, ZnSe.

- When the size is smaller than the wavelength, the 
nanoparticles do not scatter light.  Index changes.


