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Failure-analysis method of soldering interfacekght-emitting diode packages
based on time-domain transient thermal response

B. Ma, T. Jung, S. Choi, and K. Lee
Abstract — New soldering-interface failure-analysisthod based on the transient thermal of the LBEkages are proposed. This

method is based on a physical property that thengkaof the junction temperature, which is monitdogdroltage, represents the
change of thermal gradient in the LED packages.t Eage-domain algorithm for failure-sensitivity earicement was developed.

And the feasibility of this algorithm was verifieging a two-point measurement method during a thestmock test.

1. Background and motivation

Light-emitting diodes (LED) have been widely depgdyin
many applications such as a mobile, a display asegl
lightings. However, the oversupply of them the cefitpn
among the LED suppliers require loser cost (i.malker size
chips and packages) and an integrity of chip faltion and
package-assembly process. Especially, two soldg@riogesses
of the LED packages, die bonding and the packagmelibg,
have been critical to meet reliability requirements

Electrical properties and X-ray inspection haverbeilely
used to analyse these soldering failures. Howeler to several
drawbacks such as a low failure-detection sensitishd an
inefficient resolution, many research groups haesgetbped
new method based on transient thermal analysig.[THey
have utilized the facts that the operation voltagenverse
proportional to junction temperature and the chavfgenction
temperature includes the thermal-gradient inforamathrough
a thermal path of the LED packages.

measurement is not effective to monitor these fauOn the
other hand, these soldering interfaces are critpm@hts of
thermal path in the LED packages. Although the rtar
resistance and thermal time constant, as showigir2Fare very
effective to analyse the soldering failures, wednaespecial
measurement system and time-consuming structunakifin
analyses.

2.2. New algorithm for soldering-crack sensitivétyhancement

New failure-analysis algorithm for monitoring thadering
cracks is proposed. This is carried out on a tiomain instead
of the structure function analysis or domain transfFig. 3 (a)
shows the measured transient voltages, v (n, tme domain.
Here, “n” means the runs of the thermal shock teigt. 3 (b)
shows the normalized transient voltages, v (n, )6, t), at the
same time region. The speed of thermal dissipatidhe LED
packages is expressed as a transient response @ifirtétion
temperature, which is measured by the voltage ahang

Recently, we also proposed a two-point measuremehherefore the differential value of the normalizednsient

method for the fast screening of die-bonding faituin the LED
packages [5]. Our method followed the same physgigatiple
of the previous groups [1-5] but focused on theedpa thermal
dissipation to meet the requirements of fast antpka failure
analysis systems.

Here, we propose a novel algorithm for the improsetof
the failure-detection sensitivity in soldering irfeces. And in
order to verify its feasibility, we applied the vlis of this
algorithm to the 2-point measurement method whigecarried
out a thermal shock reliability test.

2. Method and results
2.1. Conventional analysis methods

In order to generate soldering cracks at the packagding
of the LED packages, we carried out a 1,000 rurathéshock-

voltage, d[v (n, t) — v (O, t)]/dt), defined asensitivity function
here, can be used as an fast indicator of solderak as shown
in Fig. 3 (c). While the operation voltage as shawrFig. 1
shows no sensitivity of soldering crack, the sévigjtfunction,
measured by same voltage and shown in Fig. 3 f@ws
considerable change with respective to the craokvidr. This
sensitivity function can be used to obtain the Bmetime,
involved in soldering-crack interfaces. Time constanalysis,
as plotted in Fig. 2 (b), shows a good agreemettt thie result
of the sensitivity function.

2.3. Two-point measurement method

The sensitivity function was used to set two sfeci
measurement points of the two-point measuremertiodefig.
4 shows the voltage difference at two specific {0{0.01s and
1s), v (2) — v (1), with respective to the runsadhermal shock

test with a condition of -40/12%" temperature change. Statictest. The voltage difference at the other spegifimts (0.1ms,

operation voltage, as shown in Fig.1, was not chdngith
respective to the thermal shock test run. Howether thermal
resistance, shown in Fig. 2 (b) and obtained byrasentional
structure-function analysis, changed considerabltha same

0.1s), used for the die-bonding crack or void ie $same LED
packages [5], was compared in Fig. 4. One canyetdll the
package crack from the die-bonding problem.

condition. This results means that two solderirigrfaces of a 3. Summary

die bonding and a package bonding are not bottt&sef an
electric path in the LED packages and the statectgtal

A simple and fast time-domain algorithm is propbfe the



soldering-failure monitoring and demonstrated éasfibility by
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the two-point measurement during a thermal shosk fEhis 18 _'2”0‘:)‘3' |
method can be applied other fields such as powestrétal fl 400czcles
devices, integrated circuits, and prognosis-haatthitoring. Z 1 600 cycles
E‘; 10 | =800 cycles
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Fig.3 Transient voltage (a), normalized transieitage (b), and
REE sensitivity function (c) of a LED package.
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Fig.4. Voltage difference based on 2-point measerd of a
LED package with respective to thermal shock test.
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Fig.2. Structure function analysis of a LED packa@) thermal
capacitance—thermal resistance relationship (b}taemnal time
constant.



