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/@ The Problem

* Blue LEDs using phosphor to make white
LEDs

— Phosphor place remotely
— Dispersed in encapsulant
— Conformally on semiconductor die

e Phosphor can get hotter than LED
— Stokes shift losses — heat

— Less efficient energy conversion
— Lower Quantum Efficiency of Phosphor
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An Issue of Dispersion
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 TEM image of ZrO, nanoparticles




tedtive T hermal Conductivity of ZrO, In Silicone
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LED with phosphor and ZrO, nanocomposite
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project ZrO, wt% would be plotted instead of graphene
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/®  Modeled Thermal Conductivity

Volume Percent of ZrO2
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RULE OF MIXTURES

Ko = Tomn + Tor,

Model predicts a 120% increase in thermal conductivity at 10 volume% (40 wt%)

x,—0.16 > 0.366 W/mK
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Measurement Methods

R=AT/q=t/kA

R - Combined thermal resistance

AT - Temperature difference across sample

g - Power

t - Thickness of sample

Kk - Thermal conductivity of sample

A - Area of contact between thermocouple and
sample (sample cross sectional area)
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< Next Steps

* Make and test 40 wt% ZrO, samples

— Show how TC changes between base and loaded
* If not, why?

e Teston LEDs
— (with phosphor added)
— Integrating sphere for intensity

« Aging testing
— Run LEDs and check for degradation
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