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Use of phosphors in solid-state white lighting Scattering studies of the Y3-xCexAl5O12 phosphor 

Fluorimetry results from Y2.94Ce0.06Al5O12 show an excitation maximum around 460 nm and an 
emission maximum near 540 nm.  These optical properties and a quantum efficiency of about 
85% to 90% make YAG:Ce well-suited for use in a solid-state white lighting device.  

27Al MAS NMR of YAG:Ce shows emergence of 
a peak around -15 ppm and broadening of all 
peaks with increasing Ce3+ substitution.  
Saturation-recovery measurements of the 
octahedral Al site show the -15 ppm peak 
saturates (relaxes) much faster than the bulk 
signal, indicating this peak is Al near Ce3+.   The 
bulk signal also shows an asymmetry tending 
to more positive ppm values at short recycle 
times. 

The pair distribution function can be fit using 
an average structural model, suggesting no 
short-range distortions in YAG:Ce.  Reverse 
Monte Carlo modeling[1] of Y2.94Ce0.06Al5O12 
shows Ce-O and Ce-M distance distributions 
are nearly identical to those of Y-O and Y-M.   
This shows no perceptible distortion near 
substituted Ce3+.  This rigidity of the YAG lattice 
can explain the large crystal field splitting of 
Ce3+ in YAG:Ce as well as the high quantum 
efficiency. 

A blue LED with the Y3-xCexAl5O12 (YAG:Ce) phosphor emits a spectrum such as the one shown 
below. Color quality can be quantified by measuring the color rendering index, CRI (100 for a 
blackbody), and correlated color temperature, CCT, which generally describes the relative 
amounts of red (low CRI) and blue (high CRI) light.  
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blue + yellow = white 

The CIE 1931 xy chromaticity diagram. 
Source: Wikimedia Commons 

Changing phosphor emission color is well 
understood. However, reasons for efficiency 
are poorly understood.  Efficient phosphors are 
typically discovered empirically and without 
prediction.  Our task is to better understand 
structural and electronic reasons for high 
efficiency in phosphors with an end goal of  
enabling predictive engineering of efficient 
phosphors. 

Magnetic resonance studies of the Y3-xCexAl5O12 phosphor 

Inorganic phosphors consist of a host lattice (e.g. Y3Al5O12) with small substitutions of rare 
earth ions (ca. 2% Ce3+, Eu2+, etc.). Electronic transitions between the 4f and 5d energy levels 
down-convert blue light (ca. 450 nm) from (In)GaN LED chips to light ranging from green to red 
(ca. 510 nm to 700 nm). The combination of blue and yellow light can be used to create white 
light, as illustrated below in the CIE 1931 xy chromaticity diagram.   

Yttrium-aluminum garnet (Y3Al5O12 or YAG) can be made from solid-state reaction at 1500 °C.  
YAG adopts the cubic garnet structure (SG #230 Ia-3d) shown below with 99% probability 
atomic displacement parameters from simultaneous neutron and synchrotron X-ray Rietveld 
refinement.  Synchrotron X-ray data shows the materials are phase pure and that increasing 
substitution of Ce3+ on the Y site causes a small lattice expansion.  

This indicates through-bond delocalization of Ce3+ 4f electron spin density to the first 
coordination sphere of cations.  This reflects the high connectivity of YAG which may be the 
reason Ce3+ can reside in such a small site without distortion, as observed in RMC fits.   

The configurational coordinate demonstrates 
the electronic origin of phosphor down-
conversion. 
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Source CCT (K) CRI 

Sunlight 5500 100 

Incandescent bulb 3000 100 

Compact 
fluorescent bulb 

3500 80 

LED + YAG:Ce 4000 64 

The chemical shifts of 27Al and 89Y near Ce3+ 
can be predicted using an equation that is a 
function of the angles from the principal axes 
of Ce3+ and distance between Ce3+ and the 
resonating nuclei.[2],[3]  This incorrectly predicts 
displacement directions for first coordination 
sphere around substituted Ce3+ (ca. 3.7 Å) and 
correctly predicts the displacements for 
coordination spheres thereafter (ca. 5.5 Å).  
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