Surface recombination impact on performance of high-power LEDs
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Effect of surface recombination on current
spreading in the LED die

Simulation approach:

v using the SimuLED™ package [2] modified as to
account for the ambipolar lateral electron and
hole transport in the LED active region and their
surface recombination at the mesa edges

using experimental data for the ambipolar carrier
diffusivity D, ~ 2 cm?/s [3] and surface
recombination velocity S ~103-10°> cm/s [4] in
InGaN

selecting the flip-chip design typical for high-
power blue (450nm) LEDs, providing high light
extraction efficiency due to one-side current ‘
access to contact layers [5,6]

2D distribution of recombination
current density in the active region
corresponding to the surface
recombination velocity S = 103 cm/s
and the ambipolar diffusion coefficient
D, =2 cm?/s ; the LED operating
current is here of 500 mA
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» current density rises dramatically at
the vias edges because of current
crowding, the effect enhanced with
the LED operating current

85

65

45

25

4

* recombination current density (left plot) and electron/hole concentration in the
active region (right plot) at the vias edges are largely affected by the value of surface
e e i s recombination velocity
:‘;":.:“’"‘\ww/mm«mm N ** the effect is observed only in the vicinity of the vias expanded to the carrier diffusion
length which is rather small due to a low carrier diffusivity and short carrier lifetime
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Effect of surface recombination on LED efficiency
: Conclusions:
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Current (mA) impact on the LED efficiency surface recombination impact is the ambipolar
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60} corresponding to hypothetically high D. = 20 cm/s); in v' the impact of surface recombination is expected
Sl D, = 20 cm’’s combination with a short carrier life time, the low to be especia"y pronounced in the small-size
u) 40 - > diffusivity “prevents” lll-nitride LEDs from considerable . .
% 30 ;7 ) carrier losses caused by surface recombination LEDS, mICl'O-pIXE| LEDS, and, probably, UV-LEDs

' g L z;gxlog, s “* surface recombination is expected to become especially that tend to Stronger current crowding, may have
S =3x10 cm/s pronounced in the small-size LEDs when the device

a larger carrier diffusivity, and use Al in the active
region normally enhancing the surface
recombination velocity

dimensions become comparable with the carrier
diffusion length in the active regions
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