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UCSB Outline
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UCSB Ultraviolet LED Applications

• white light sources
• biochemical detection
• water purification
• short-range communication
• etc.
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UCSB LED Design

MQW – multi-quantum well active region
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UCSB UV Emission Measurement
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UCSB Power Measurements
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UCSB Modeling

APSYS by Crosslight Software
3D self-consistent and comprehensive treatment of device physics

Spontaneous emission spectrum
from wurtzite kp band structure
of strained quantum wells

Drift-Diffusion model (incl. thermionic emission)
for electrons n(x,y) and holes p(x,y)

Internal temperature T(x,y)
from heat flux equation

Ray tracing model for light extraction
from every source point

more details: www.crosslight.com
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UCSB Material Parameters

needed: more than 40 material parameters as function of layer composition

mobility  (n,p) µ(T,N,F) bandgap Eg(T)
SRH lifetime (n,p) τ electron affinity χ(T) 
spont. recomb. coeff. B electron effective mass  m 
Auger coefficient (n,p) C hole effective mass par.    A1- A6
optical dielectric constant ε∞ valence split energies ∆1 - ∆3
dc dielectric constant εo deformation potentials a, D1- D4
refractive index n(λ) elastic constants C13, C33
absorption coefficient α(λ) lattice constant a
thermal conductivity κ dopant activation energy Ea
LO phonon energy             ELO etc.

most of these parameters are not exactly known for nitride compounds

=>  main source of uncertainty in nitride laser simulations
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UCSB Built-in Polarization

– +
interface charges due to 
• spontaneous polarization 
• strain induced polarization

quantum well effects
• longer emission wavelength
• less transition strength

Fiorentini et al., APL 80, 1204 (2002):
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UCSB MQW Band Diagram
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UCSB 3D Simulation Results

Internal Emission Rate              Vertical Current Density

current = 100 mA,    bias= 6.5 V
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UCSB Self-Heating

Heat Source                                  Temperature

Tmax= 360.6 K
Tmin = 360.4 K
Rth = 100 K/W

75% Joule heat
24% recombination heat
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UCSB Emission Spectrum
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UCSB
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UCSB
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UCSB LED Efficiency
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UCSB Summary 

• first comprehensive 3D simulation of GaN LEDs

• good agreement with measurements

• low output power mainly due to 
1. electron leakage
2. built-in polarization
3. non-radiative recombination
4. poor light extraction



18

UCSB Further Details 
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