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Abstract

Study on the Characteristics and Measuring Techniques of
High-Power Light-Emitting Diodes

Yue Lin

Abstract

As the development of solid-state lighting, high-power Light-emitting diodes (HP

LED) face with technique bottleneck in various aspects. For instance, the techniques
for measurement of parameters of chromaticity and thermodynamics need to be
improved. Besides, it becomes a critical issue that maintaining the external quantum
efficiency (EQE) under high injection levels. In this dissertation, we give some
optimized solutions for the algorithms or measuring methodologies of color
temperature (or correlated color temperature), thermal resistance and junction
temperature respectively. In addition, we study the mechanism of the EQE droop in
InGaN blue LEDs in detail, and give a suggestion on mitigating it. This article
contents the following parts:
a) Optimizations on Correlated color temperature (CCT) algorithm. CCT are
important parameters of the LED light sources. The procedure for calculating
colorimetric parameters, such as color coordinates (1, v) and CCT from spectra data,
is rather complicated. An advanced algorithm is necessary to simplify the computation.
Based on the definition of chromaticity, the advantages and disadvantages of three
classical CCT algorithms are analyzed, respectively, and a new dichotomy
optimization algorithm as well as an equal-interval one, is proposed, whose principle
and procedure are illustrated in detail. By comparing the results of dichotomy with the
other classical algorithms by Planck formula and actual white LEDs spectra, it is
proved that the dichotomy, better than the equal-interval, is a CCT algorithm with
higher accuracy and faster speed.

b) Optimizations on thermal resistance of LED packages. The appearance of
v



Abstract

high-power LEDs lead to surge in luminous intensity, as well as great heat dissipation,
which is quantified by thermal resistance. The total thermal resistance of a LED
package is the sum of that of every single layer. It becomes a critical issue that
measuring the thermal resistance of LED packages accurately and conveniently. A
new evaluation method for thermal resistance of LED packages is proposed. The
method is based on the electrical test method and the time constant theory. We
realized an intrinsic connection between the 1% order derivative curve and time
constant spectrum through out lot of experiments, that is, the former is the latter
blurred by a core function. The thermal resistance of every single layer on the heat
dissipation path is obtained by the appropriate inflection point on thermal transient
response, which is calculated by the minimum point of the 1st derivative curve. Since
the method only requires a natural convection heat sink, the thermal resistance of
LED packages can be measured quickly and conveniently. The theoretical and
experimental results show that it is an effective approach to the measurement of
thermal resistance of LED packages in practical situations.

c) Junction temperature measurement of InGaN LEDs via their spectra. The ultimate
goal of all the thermal simulations and designs of LED packages is to lower the
junction temperature to the greatest extend when LEDs are working. However, it is a
fairly hard work to test the junction temperature under working circumstance. We
investigate the current and temperature dependence of GaN-based high power blue
light-emitting diodes and identify a set of temperature sensitive optical parameters
(TSOPs) that can provide a real-time solution for determining the junction
temperature (7). The relationships among 7}, forward current and TSOPs, “center of
mass” wavelength, and, in particular, full width at half maximum (FWHM) have been
studied. The temperature dependence and forward-current dependence are tested in
experiment respectively. Empirical equations with simple expressions are established
via curve fitting. Based on these equations, a two-dimension mathematic model
among TSOPs, junction temperatures and forward current is established. The junction
temperature of LEDs on working circumstance could get by measuring the spectra

and forward-current data and substituting them to this model. The analysis indicates
\%



Abstract

that using FWHM may yield higher accuracy than using other parameters as TSOPs.
d) Spatially resolved study of quantum efficiency droop in InGaN LEDs. The EQE
droop problem has been investigated for decade. In the literature, two distinctly
different types of EQE droop have been observed from different devices. One is those
have a high forward current when EQE reach its maximum, and a slow droop rate
when the current keeps on increasing; the other one is those have a low forward
current when EQE reach its maximum, and a fast droop rate when the current keeps
on increasing. In general, these two droop types, observed in individual devices, are
spatially averaged results. A spatially resolved study of the droop, in conjunction with
u-PL, is performed to examine the two droop types in one single device, thus offering
unambiguous analyses on the underlying material physics, without the complications
of the processing variation. Two sorts of devices with different order of magnitudes,
grown on free-standing GaN and sapphire substrates respectively, are investigated. It
is found that in the former, the droop behaviors, as well as PL and EL, are totally
different in different chip areas. Considering various experiment data, we suggest that
the carrier capturing by microscopic defects and extended defects dictate the
mechanisms of the droop. Energy traps in active region caused by the alloy
composition fluctuation as well as the QW width fluctuation lead to carriers
localization effect, may screen carriers from capturing by defect energy levels,
relieving droop effect temporarily in the middle injection level, but is unable to
prevent it when the carrier delocalization effect kicks in if the current keeps increasing.
The first type corresponds to the average active region without any energy traps,
while the second type corresponds to the active region contented energy traps. We
suggest that to mitigate and eliminate the EQE droop essentially, one should reduce
the density of micro defects and extended defect. It may be meaningless to
concentrate simply on increasing the current when droop start.

Keywords: High-power Light-emitting diodes; Correlated-color temperature;

Thermal resistance; Junction temperature; External quantum efficiency droop

VI
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WK 1.2 fizn, LED HRZCE—A p-n 45, p-n 45 N LRI R T — 2 3
2, MAMNIERmERN S22 TR, p XA n XEZHER 7Ry #. Hd
TIERRLTOIBAE KRR L, KRERTR P XY 8, M P XA T
FEN . XRS50 B RE S, BRIMGELDOGRMIE R, B8R
TRESAER BB T, X2 p-n 45 ROGCM IR, KOG B 2R sk
TR SRR RE T B B, & MBS (eV) o HEHEKMR
EVSE

E; = hv/q = hc/(Aq) (1.1)

A = hc/(qEy) (1.2)

(LD, A ARGE, g NEEAHATH L
2 AR B JE B8 AT 4 1 RT 40 BB BRI R ety BRI A o 7E B B 3

RRL TR, S R IME A T R OB k 2] TP AL T A AL, BRI B 2 Al
Ei R R e B AN AR B R 1A (B 3 B~ AR A b, L RiE
PR T2 5 SR E A, TR 1o RO6 AR R R H T B k), X
PRI LT B N A s B s 5N E a0, RSB IRCE. &2,
KHAEEAT MR, A3 T RE R R Oy RS E R, Ik, ey
BUK-

b) (c)

(a) (
B 1.3 =M 4. () BEEEW; (b) 8Mg; (o) BIxEgEnd
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