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 We would like our lighting to deliver high wall-plug efficiency over a vast range of operating currents.  

In this respect, LEDs are compromised by droop, the reduction in efficiency as current is increased; lasers 

are thwarted by their poor performance below threshold.  This talk will describe a device that can deliver 

strong performance over a very wide range of operating currents.  According to our calculations, a nanolaser 

array can be almost as efficient as an LED at low currents, and nearly match the efficiency of a laser at far 

higher currents. 

To arrive at this prediction, we use a single theory that is applicable to LEDs and lasers operating above 

and below threshold.  The theory was applied to 3 types of emitters (see Fig.1): an LED without an optical 

cavity; a VCSEL with an optical cavity defined by distributed Bragg reflectors; and a nanolaser, which 

features a smaller optical cavity that provides further control of spontaneous emission.  

In the right plot of Fig. 1, the dotted curve is for a 100m x 100m aperture LED with a single, 2nm-

thick In0.37Ga0.63N quantum well sandwiched between GaN barriers. This simple gain structure is selected 

to avoid complications arising for non-uniform carrier populations and screening of the quantum-confined 

Stark effect.  The curve shows an onset of droop at 1mA.  The dashed curve is for a 3x 3 array of 5.6um x 

5.6um VCSELs chosen to produce a 1W output at 1A.  The gain structure is similar to the LED.  The plot 

supports the view that lasers are superior to LEDs once they reached threshold.  However, while the VCSEL 

may be ideal for high-power lighting, it is not necessarily suitable in general lighting applications where 

dimmable lights enable energy savings.  The solid curve shows addressing the VCSEL weakness with a 

nanolaser.  The key feature is that cavity-QED efficiently channel spontaneous emission into the lasing 

mode.  Then, with a high degree of spontaneous emission (1), the output power increases almost 

constantly with increasing current.  This level of linearity is highly valued.  

 
Figure 1. (Left) Sketches of LED, VCSEL array and nanolaser array, illustrating the differences in 

optical configurations.  The example of a nanolaser emitting from a defect site in a photonic lattice 

is used. The cavity-QED modeling results apply equally well to nanowire-  or plasmonic-laser 

arrays with 𝛽 = 1.  (Right) Comparison of efficiency for LED, VCSEL array and nanolaser array. 
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