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Bright and Blue
Nanocrystal Emitters
Brandon R. Sutherland1,*
The discovery and development of blue light emitting diodes (LEDs) enabled

energy-efficient white light emission that continues to impact global energy

consumption today. Alternative materials that can outcompete commercial

blue LEDs based on epitaxial InGaN could have a large impact on the lighting

industry and in curbing anthropogenic climate change. Recently in Joule, Con-

greve and colleagues show that metal halide perovskite nanocrystals—greatly

improved byMn incorporation—have promise for low-cost, efficient, and bright

blue LEDs.
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One of the largest uses of energy goes

toward lighting. In 2017, the U.S. used

approximately 7% of its total electricity

consumption for lighting the residential

and commercial sectors.1 The adoption

of energy-efficient lighting solutions

can have a large impact on global en-

ergy use and plays an important role

in reducing greenhouse gas emissions

that drive anthropogenic climate

change.2 Technologically mature light-

ing solutions are based on incandes-

cent and fluorescent light bulbs.

Light-emitting diodes (LEDs) are an en-

ergy-efficient lightning technology

projected by the U.S. Department of

Energy to save over 5 quadrillion British

thermal units (BTUs) annually by 2035.

This is equivalent to about the total

annual energy consumption of 45

million U.S. homes today and is a 75%

reduction in energy use compared to

relying on incandescent and fluores-

cent lighting.3 LEDs are already galva-

nizing the landscape of residential and

commercial lighting and have further

enabled many of the great technolog-

ical advances of the electronic display

industry.4 LEDs are the standard for

energy-efficient screens in mobile de-

vices, televisions, and monitors.

An important aspect of LEDs is that they

can be tuned to emit light at different

wavelengths, depending on the mate-
rial used. By the early 1970s, LEDs that

emit at wavelengths ranging from red

to green had been demonstrated.5

The development of a blue LED was

significantly more challenging. Blue

light emits at approximately 470 nm on

the electromagnetic spectrum, corre-

sponding to an energy of about

2.6 eV. To achieve blue emission, a

high-quality semiconductor with a

band-gap energy of about 2.6 eV is

required. Further, materials with the

right energetic band alignment that

can efficiently inject carriers into the

emissive layer are needed. It was not

until 1994 that Shuji Nakamura and col-

leagues at the Nichia Corporation were

able to realize this by forming a compo-

sitional blend of InGaN with the right

band gap, and they developed a

double-heterostructure with AlGaN to

effectively confine carriers in the emit-

ting layer, enabling a blue LED with an

external quantum efficiency of 2.7%.6

For this and prior work in this area,

Nakamura and collaborators were

awarded the 2014 Nobel prize in

physics.

Blue LEDs were a big challenge to

make, but their importance cannot be

understated. The development of blue

LEDs completed the visible spectrum

of emitting wavelengths, enabling the

development of white LEDs. White light
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comprises a mixture of light of different

wavelengths. There are two common

ways to generate white light from an

LED. First, the emission of red, green,

and blue LEDs can be spatially com-

bined to form white light. Second,

some of the emission from a blue LED

can be harvested by red- and green-

emitting phosphors and re-emitted in

the right ratios to generate white light.

In both cases, a blue LED is required.

Today, most commercial blue LEDs

are still made from InGaN heterostruc-

tures. Alternatives such as AlGaN/

GaN, SiC, or ZnTe/ZnSe nanocrystals

each have their own challenges and

disadvantages. Continued research

and development into new alternative

materials for bright, energy-efficient,

and stable blue LEDs is needed.

Recently in Joule, Congreve and col-

leagues demonstrate a blue LED made

from metal halide perovskite nanocrys-

tals with enhanced efficiency and bright-

ness by incorporating manganese to the

crystal lattice.7 Metal halide perovskite

nanocrystals are an emerging material

with many attractive properties for light

emission, including sharp luminescence

linewidths, high photoluminescence

quantum yield, and color tunability

throughout the visible spectrum.8 Unlike

compound semiconductors used in com-

mercial blue LEDs, thesematerials canbe

fabricated at low temperature from print-

able semiconductor inks. Here, the

authors show that incorporating Mn into

the lattice of CsPbBrxCl3–x greatly im-

proves its optical properties. They show

evidence that Mn dopants passivate de-

fects in the nanocrystal, suppressing non-

radiative recombination.

The CsMnyPb1–yBrxCl3–x perovskite

shows a 4-fold improvement in external
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Figure 1. All-Perovskite White LED

(A) Blue Mn-doped perovskite LED architecture. Acronyms for each layer are defined in Hou et al.7

(B) Blue perovskite LED with red and green perovskite downconverters, emitting white light.
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quantum efficiency (EQE) relative to the

Mn-free control when used as the active

layer in a blue LED (Figure 1A). The

peak EQEof 2.12% at 466 nm is the high-

est reported for perovskite emitters that

meet the National Television System

Committee (NTSC) spectral standard for

blue light to date. The device shows a

maximum brightness of 245 cd/m2 and

an emission linewidth of 17.9 nm, both

improved through Mn doping. The au-

thors further demonstrate their blue

LED in a proof-of-concept all-perovskite

white light LED using red and green

perovskite downconverters (Figure 1B).

The red perovskite layer downconverts

the higher energy blue photons, re-emit-

ting them at red wavelengths. The final

green perovskite layer absorbs the blue

photons that were not absorbed by the

red layer, re-emitting them at green

wavelengths. The combination of red,
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green, and blue gives white light, which

the authors show is near the ideal white

light spectrum.

The topic of energy efficiency is well rep-

resented by energy funding agencies,

such as the U.S. Department of Energy,

and is often an area where some of the

largest returns on investments have

been realized.9 The continued progress

and development of metal halide perov-

skites in blue emission is an important

area of material science and photonics

research and an exciting emerging tech-

nology for energy-efficient lighting.

Future challenges will be to not only in-

crease the efficiency of these devices,

but—equally important—stabilize them

for long-termoperation to reduce the lev-

elizedcostof energy for lighting solutions

over the span of their lifetime. Current

state-of-the-art perovskite LEDs typically
degradewithinminuteswithout encapsu-

lation. Evaluating degradation mecha-

nisms at early stages of development is

a critical consideration for any emerging

functionalmaterial to improve its chances

for applications at scale in the future.10
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