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1. Introduction

Light-emitting diodes (LEDs) are have attracted a
great deal of interest for the development of
commercial displays/backlightings, mobile
communications, and automotive lightings, due to
their superior characteristics such as high efficiency,
low power consumption, and long life [1, 2]. In the
view point of LED manufacturing process,
packaging is considered as an effective way to fulfil
the electro-luminescence function and mass
production of LEDs. In accordance with an industry
requirements, LED packagings changed from
injection molded packaging to chip-on-board
packaging and chip scale packaging (CSP). Among
the various packagings of LEDs, CSP LEDs show
many advantages such as smaller size and lower
processing cost. However, there are some
reliability issues including heat dissipation to be
solved to use as high power applications. In this
study, we report on the reliability growth method
and assessment of redesigned CSP LEDs with
high color rendering index (CRI) for the high power
applications. In addition, thermal characterization of
the CSP LEDs conducted using dynamic thermal
characterization method [3].

2. Experimental details

In order to enhance thermal characteristic and
reliability of CSP LEDs with high CRI (> 95), we
optimized current flow, ohimic contact, phosphor
concentration, and metal printed circuit board
(PCB). Thermal characteristics of CSP LEDs were
measured by T3Ster using dynamic thermal
characterization method [3]. Environmental test
chmbers were used to assess reliability of CSP
LEDs on temperature and humidity. We targeted
operating current of CSP LEDs as 800 mA. For the
high temperature (HT) operating test, we set
atmospheric temrerature as 85 °C to make junction
temperature as 150 °C.

3. Results and Discussion

Figures 1(a) and 1(b) show cross-sectional
diagram and time-board temperature graph of CSP

LED, respectively. As a result of structural
optimization, current flow through flip chip
enhanced and it leads to increasing heat
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dissipation via LED chips and metal PCB.
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Fig.1 Cross-sectional diagram and (b) time-board
temperature graph of CSP LEDs

By the structural optimization, tolerance to
electric oversterss also enhanced. As showin in
Figure 2, thermal resistance of metal PCB at board
temeperature of 85 °C reduced from 17.8 K/W to 15
K/W by changing material of dielectric layer in the
metal PCB. This observation means that thermal
resistance and temperature change of CSP LEDs
decrease with increasing thermal conductivity of
dielectric layer. In order to increase the CRI of LED,
phosphor concentration should be increased.
However, as is well known, luminescence
properties of phosphor are easily influenced by
temperature [4]. Therefore, we investigated relation
between phosphor concentration and retention rate
of luminous flux under HT operating conditions. As
shown in Figure 3, retention rate of luminus flux
increases with increasing phosphor concentration
under HT and high humidity operating condition.
However, under the HT operting condition,
retention rate of luminous flux decreases from
certain phosphor concentration (i.e. above 160%).
Therefore, to optimize the phosphor concentration,



we fabricated two groups of CSP LEDs with
different phosphor concentration. The CSP LED
with relatively low phosphor concentraion (group A)
shows better reliability and longer lifetime than that
of the other group. The expected lifetime of group A
is 5.7326x104 hours at confidence level of 0.9.
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Fig.2 Thermal resistance-thermal capacitance
graph of dielectric layers in metal PCB
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Fig.3 Retention rates of luminous flux under twi
different operating conditions

4. Conclusions

We investigated thermal characteristics and
reliability of CSP LEDs with high CRI (>95). By
optimization of current flow, ohmic contact,
phosphor concentration, and metal PCB, the
thermal resistance of metal PCB reduced upto 15
K/W at board temperature of 85 °C. The phosphor
shows trade-off relatonship between temperature
and humidity, and exptected lifetime of CSP LED is
5.7326%104 hours.
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