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ultrasonic testing is 4 common detection method
for delamination or crack in semiconductors
{(Goh. 2004 ; Jhang, 2002). But there are some
drawbacks of time-consuming, the difficulty of
quantitative evaluation and etc. In this puper,
semiconductor inspection technique based on
Electronic Speckle Pattern Interlerometry [ESPL
and temperature control system is developed and
applied to objects in service. ESPl is one of
luser speckle interferometry with the advantage of
non-contact, non-destructive, whole-Tliled, quasi-
real time and high-resolution. In experiment, it is
the basic idea that the surface thermal deforma-
tion at different rates in cooling is the clue to lind
inside defects. Inside defects are detected between
40 and 50°C und it takes about 2 minutes to in-
spect a semiconductor. At first, objects with arti-
ficiul defects are inspected by ESPI and micro-
scopic ultrasonic testing which are compared to
gel the reliability of ESPL Also. semiconductors
with real defect arc inspected by ESPL The most
of defects is classilied in delamination between
layers, which are estimated to be resulted from
the insufficiency ol adhesive strength between
layers and the problem of heat spread.

2. Technical Description

Holographic interferometry has been a power-
ful technique in the measurement ol surface dis-
placement. A hologram has fringe patterns thai
represent the relative displacement of an object
surlace when the object is loaded. However, the
process of analysis is very complicated. Afier that,
several speckle interferometry techniques have
been developed in which the recording und re-
construction processing is fairly simple (Cloud,
19951, ESPI is one of the methods. Electronic
Speckle Pattern Interferometry (ESPI) is o com-
mon  measurement method for vibration and
surface displacement. Recently, the method hus
been applied for non-destructive inspection of
delamination or crack failures in composite
materials with reliable and high sensitive results
(Richardson, 1998). The ESPI fringe pattern re-
presents both the in-plane and the out-ol=plane
displacement. In this study. the interferometer
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sensitive to the out-of-plane displacement is used
as shown in Fig. 1. In this figure, ¢ is initial
phase before deformation. After deformation, A¢
is the phase induced by the change of object
beam. which is related to surfuce displacement.
The surlace displacement of an object is measured
quantitatively by using the 4-step phase shifting
and unwrapping method (Malacara. 1998). In
non—destructive testing, it is the basic idea that
the surface deformation at different rates in any
loading is the clue to find inside of surface defects.
The defects are estimated quantitatively from the
measured surface displacement. The line profile
of surface displacement nearby defect has the
critical changing point of slope and the length
hetween critical changing points is considered
as the delect size, In the case. the thickness effect
can be neglected. because the thickness of pac-
kage in Ball Grid Array type is with thinner than
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Fig. 1 Interferometer for out-of-plane displacement
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Fig. 2 Semiconductor package mspection system
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between component materials m heating and
cooling processing causes thermal stiess that gives
defects Fig 5 and 6 show inspection results of
damage that occurs as a result of operator’s fail-
ure which 15 within 10% of total hfe ume Fig
3 shows mspection results of impact-damaged
specimen, ESPI phase map (a), and contour line
(b} of out-of-plane displacement Small void
defect, estimated as 2 5mm, 15 1n the center of
sample Fig 6 shows void defect wnside of pack-
age, which 1s inferred to thermal shock of silicon
chip by overvoltage In this case, 1t 15 supposed
that the 1nside of semiconductor 1s burn n local
and adhesive 15 melted between layeis contact to
silicon ¢chip Fig 7 shows inspection results of
damage that occurs between 10 and 60% of life
time as a iesult of misuse, abuse or the other
exteinal causes The 90% of tested samples 1n the
period have delamination defects between layers
on sthicon chip which 18 estimated to cause for
the insufficiency of adhesive stiength by eyclic
thermal loading above the growth of defect n
manufacturing process

4, Summary

This paper proposes non-destructive ESPI tec-
hnique to evaluate nside defects of semicon-
ductor package quanttanively Inspection system
consists of ESPI system, thermal loading system
and adiabatic chamber Inside defects of package
are inspected and cstimated quanutatively from
the measured suiface displacement The line pro-
file of sutface displacement nearby defect has the
entical changing pomt of slope and the length
between critical changing points 15 considered
as the defect size [n experiment, aruficial defect
15 mmspected by the proposed system. which 1s
compared with scanning ulthasonic microscope
technique quantuatively In ESPL, 1t takes about
2 minutes to get high-resolution 1mage, on the
confiary, In scanming ultrasonic microscope, it
takes more than 10 fimes And also, semicon-
ductots failed n service are inspected Most of
defects are classified in delamiation, from which
it s anferied to the msufficiency of adhesive
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strength between layers and nonhomogeneous
heat spiead The techmque has lugh feasibility
1 non-destructive testing of semiconductor and
gives soluttons to the problem of existing tech-
nique, time—censuming &nd the difficulty of quan-
utative evaluation However, the proposed tech-
nigue has left the limnation that classification and
evaluauon of inside defecrs are dependence on
high-skilled nspector
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