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This paper proposes non-destructive ESPl technique to evaluate inside defects of semicon
ductor package quantitatively Inspection system consists of ESPI system, thermal loading 
system and adiabatic chamber The technique has high feasibility in non-destructive testing of 
semiconductor and gives solutions to the drawbacks m previous technique, time-consuming and 
the difficulty of quantitative evaluation In result, most of defects are classified m delammation, 
from which it is inferred to the insufficiency of adhesive strength between layers and nonhomo-
geneous heat spread The 90% of tested samples have a delammation defect started at the around 
of the chip which may be related to heat spread design 
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1. Introduction 

Semiconductor is key components m electro
mechanical devices, personal computer, image 
piocessing and others The reliability of that is 
affected to the performance of electronic or mec
hanical system These include laige currents that 
flow into and out of the silicon chips and pack
age, the high voltage between terminals, the am
ount of power which is dissipated as heat and the 
large temperature excursions that devices and pac
kage can undergo during operation {Shammas, 
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2003) Also, the package technology m the semi
conductor has been headed to Ball Grid Array 
type with thinner and the use of environmental 
ftjendly package materials and adhesives makes 
complicated manufactuiing piocess to rise up 
the defective proportion in package In electronic 
packages, materials are generally stacked in la
yers, where there are some defects, delamma
tion, void and inclusion those are resulted in pei-
formance of semiconductor Therefore, it is im
portant to know where a delammation or void is 
located and the size The difference in the thermal 
expansion coefficient causes these materials to 
expand and contrast at different rates in heating 
and cooling, which is the mam cause for the 
delammation defects However, previous non
destructive testing techniques for reliability eva
luation in semiconductor packaging have some 
drawbacks Recently, the non-destiuctive scan
ning acoustic microscope (Kim, 2002) based on 
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ultrasonic testing is a common detection metliod 

for delaminatioii or cracii in semiconductors 

(Goh, 2004; Jhung, 2002). But there are some 

drawbacks of time-consuming, the difUciilty of 

quantitative evaluation and etc. In tliis paper, 

semiconductor inspection technique based on 

Electronic Speckle Pattern Interferometry (ESP[) 

and temperature control system is developed and 

applied to objects in service. ESPi is one of 

laser speckle interferometry with the advantage of 

non-contact, non-destructive, whole-filed, 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 find 

inside defects. Inside defects are detected between 

40 and 50°C and it takes about 2 minutes lo in

spect a semiconductor. At ilrst, objects with arti

ficial defects are inspected by ESPI and micro

scopic ultrasonic testing which are compared to 

get the reliability of ESPI. Also, semiconductors 

with real defect are inspected by ESPI. The mo.st 

of defects is classified in delamination between 

layers, which arc estimated to be resulted from 

the insufficiency of adhesive strength between 

layers and the problem oi heat spread. 

2. Technical Description 

Holographic interferometry has been a power

ful technique in the measurement of surface dis

placement, A hologram has fringe patterns that 

represent the relative displacement of an object 

surface when the object i.s loaded. However, the 

process of analysis is very complicated. After that, 

several speckle interferometry techniques have 

been developed in which the recording and re

construction processing is fairly simple (Cloud. 

1995). ESPI is one of the methods. Electronic 

Speckle Pattern Interferometry (ESPI) is a com

mon measurement method for vibration and 

surface displacement. Recently, the method has 

been applied for non-destructive inspection of 

delamination or crack failures in composite 

materials with reliable and high sensitive results 

(Richardson, 199S). The ESPI fringe pattern re

presents both the in-plane and the oul-of-plane 

displacement. In this study, the interferometer 

sensitive to the oui-of-plane displacement is used 

as shown in Fig. 1. In this figure. ^ is initial 

phase before deformation. After deformation, A0 

is the phase induced by the change of object 

beam, which is related to surface displacement. 

The surface displacement of an object is measured 

quantitatively by using the 4-slep 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 

between critical changing points is considered 

as the delect siz,e. In the case, the thickness effect 

can be neglected, because the thickness of pac

kage in Ball Grid Array type is with thinner than 

a „ m team ^ 

Before DefafTfralJcit 
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Fig, 1 Interferometer for out-of-plane displacement 
sensitive ESPI 

TemperatLre CGntraller 
Sensor Controller 

Fig. 2 Semiconductor package inspection system 
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Fig. 3 Temperature distributions inside of chamber 

0.3 mm. The experimental setup consists of ESPl 

system, adiabatic chamber, heating system and 

temperature control system. The configuration of 

inspection system is shown by Fig. 2. Two states 

before and after deformation induced by thermal 

loading are recorded and subtracted by image 

processor of ESPl system. Therefore, the temper

ature control system is important role in the 

control of thermal deformation of object. Since 

the package is thin within 0.3 mm, heating direc

tion has inlluence on the results, adiabatic cham

ber supports surround temperature which is fal

ling very slow with about 0.\°C. To take the tem

perature distributions, 36 channels of K-type 

thermocouple are equipped inside of chamber 

and the temperature is measured \\'ith real-time 

by the system. Two states before and after defor

mation ill the condition of stable air current and 

temperature are recorded on. Fig. 3 shows the 

temperature distribution inside of chamber. Tem

perature rises to 100°C by heating system and falls 

down to room temperature. In testing, defects are 

detected very well at the temperature from 50 to 

40°C. maybe, which is related to material property 

of package. 

3. Results and Discussions 

Two kinds of semiconductor, PBGA (Plastic 

Ball Grid Array) and SBGA (Super Ball Grid 

Array) are prepared. Two types of specimen with 

artificial defects and with unknown defects in 

service are tested. 

3.1 Compari.^on with scanning ultrasonic 
microscope 

Although ESPl is successtul technique in non

destructive testing filed, it is needed to confirm 

the reliability for application to inspection of 

semiconductor due to the first try. .Artificial defect 

is introduced inside of semiconductor by impact 

testing machine and the defect is detected by the 

proposed inspection system which is compared 

with ultrasonic testing method. Inside tempera

ture of chamber is supported at 50'C and falls 

down slowly by temperature control system. Fig. 

4 shows the results of scanning ultrasonic mi

croscope and ESPl. The defect is a crack with 

a diagonal line and delamination is observed 

around crack in Fig. 4'a.'. The delamination 

defec! colored with 1 and crack size can be 

estimated from Fig. 4 ibl , ie! and d The quan

titative result (24.5 mmi of scanning ultrasonic 

microscope which is estimated by interpolation 

is compared with that (23.6 mm' of ESPl which 

is directly obtained by speckle fringe panern an

alysis. However, it is that the important ditTer-

ence between two methods is time-consuming. 

In ESPl, it takes about 2 minutes to get high-

resolution image, on the contrary, in scanning 

ultrasonic microscope, it takes more than 10 

times. 

3.2 Inspection of real defects 
The failure samples in ser\ice which are olTered 

from semiconductor manufacture are inspected. 

The ditTerence of thermal expansion coetTicieni 
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(a) C-scan result 
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(b) ESPT Phase map 
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(c) Coniour line of surface displacement from HSPI (d) Quantitative evaluation from line pronie of (c) 

Fig. 4 Comparison of ESPI and scanning ultrasonic microscope 

(a) ESPI Phase map of inside impact-damaged 

defect 
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(b) Quantitative evaluation of inside defect from 

contour line 

Fig. 5 lUKpection of impact-damaged defect ( } 
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(b) Contour line of surface displaceraeni 

Fig, 6 IiispetLion of void defect I i 
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Fig. 7 Inspection of delamination defect ( ) 
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between component materials m heating and 

cooling processing causes thermal stiess that gives 

defccH Fig 5 and 6 show inspection lesulfs of 

damage that occurs as a result of opeiator's fail

ure which IS withm 10% of total life time Fig 

5 shows inspection results of impdct-damaged 

specimen, ESPI phase map (a), and contour line 

(b) of out-of-plane displacement Small void 

defect, estimated as 2 5 mm, is in the center of 

sampie F(g 6 shows void defect inside of pacJc-

age, which is infeired to thermal shock of silicon 

chip by oveivoltage In this case, it is supposed 

that the inside of semiconductor is burn in local 

and adhesive is 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 jesiiJt of inisuse, abuse or the olher 

external causes The 90% of tested samples in the 

period have delamination defects between layeis 

on silicon chip which is estimated to cause for 

the insufficiency of adhesive stiength by cyclic 

thermal loading above the growth of defect in 

manutactunng process 

4. Summary 

This paper proposes non-destructive ESPI tec

hnique to evaluate inside defects of semicon

ductor package quantitatively Inspection system 

consists of ESPI system, thermal loading system 

and adiabatjc chamber Inside defects of package 

are inspected and estimated quantitatively from 

the measured suiface displacement The lute pro

file of surface displacement nearby defect has the 

ciitical changing point of slope and the length 

between critical changing points is consideied 

as the defect size In experiment, aitificial defect 

js inspected by the proposed system, which is 

compared with scanning uitiasonic microscope 

technique quantiiatively In ESPI, it takes about 

2 minutes to get high-resolution image, on the 

contiary, m scanning ultrasonic microscope, n 

takes more than 10 times And also, semicon-

ductois failed in service are inspected Most of 

defects are classified m delamination, from which 

It is mfened to the insufficiency of adhesive 

stiength between layers and nonhomogeneous 

heat spiead The technique has high feasibility 

m non-desfrucnve testing of semiconductor and 

gives solutions to the problem of existing tech

nique, time-consuming and the difficulty of quan

titative evaluation However, the proposed tech

nique has left the limitatfon that classification and 

evaluation of inside defects are dependence on 

high-skilled mspectoi 
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