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Chapter 1 Introduction

With the development of IC technology, the size of IC chip has been enlarged to raise the level of integration, and
the package has been made thinner and smaller to increase the density of surface mount. Therefore, the reliability of the
package has become more and more an important issue in the design of IC package. During the soldering process, the
stress and pressure can cause delamination in IC package, and the delamination will grow and propagate until the chip
pad interface is substantially or fully delaminated, thereby cracks occur at the sides of the chip pad. Therefore, an
inspection technique to detect and evaluate the delamination in IC package has become an urgent need for increasing
the reliability of IC package. In case of x-ray inspection, as the thickness of delamination is very thin, the absorption for
x-ray due to the delamination is very small. Thus the delamination cannot be detected. Although scanning acoustic
tomography (SAT) technique has been used for inspection of delamination in IC package, the limitation of the
requirement of a coupling medium makes it impossible to observe the mechanism of delamination under the similar
conditions of soldering. In addition, when the package is very thin, it is difficult to separate the echoes from the surface
of the package and the delamination. Therefore, in this study, a new technique of microwave nondestructive testing
(NDT) has been developed in an attempt to evaluate the interfaces of IC package. Microwave imaging of IC package
was also demonstrated for observing the area of delamination which is one of the most important reliability concerns for
IC package. The sensitivity to the change in diclectric properties of materials, the ability to penetrate deeply inside
dielectric materials, and the characteristic to reflect completely from the metal surface make microwave inspection
highly sensitive to detect such delamination. On the other hand, since the detected result is not based on density but

dielectric property, the properties of package concerning the moisture and temperature are also possible to be estimated.

Chapter 2 Fundamental Experiment

The study on nondestructive evaluation (NDE) of the delamination in IC package has begun at the research for
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evaluating defects in packaging materials nondestructively. Microwave technique has been used for testing voids,
delaminations, porosity etc. in a variety of dielectric materials. However, for detecting small defects, waveguide that
was used in the above researches presents some frequency limitations. The existence of cutoff frequency does not allow
to make the waveguide aperture small enough, thereby the spatial resolution was limited by the aperture size of
waveguide. In contrast with the conventional microwave methods, here, a coaxial line sensor is proposed to be used for
increasing the spatial resolution. Coaxial line technique has been used to measure the constitutive parameters of
dielectric materials, but has not yet been used for NDE of defects. The primary advantages of coaxial line sensor are
that it can work on a wide frequency range (radio frequency and microwave), and the aperture, which is independent of
working wavelength, can be made in very small dimensions for increasing the spatial resolution. This study employed
swept-frequency technique to measure the magnitude of transmission coefficient in discontinuous coaxial line, and
analyzed its first abrupt transition with some epoxy composite samples containing artificial defects. The results
indicated that the present technique is very effective and convenient for testing such material. Coaxial line sensor
technique was confirmed to be a powerful tool for detecting defects in dielectric materials. The magnitude of

transmission coefficient was found to be sensitive to the change in dielectric properties of materials.

Chapter 3 Evaluation of Delamination Based on Magnitude Measurement

A kind of novel open-ended coaxial line sensor improved from the sensor that has been used in Chapter 2 was
employed to detect the delamination in IC package. In case of detecting delamination in IC package, the incident wave
will be reflected completely at the surface of the chip pad (conducting sheet). Thus the reflection measurement was
introduced in the study. The principle of this technique is based on the interaction of electromagnetic wave with IC
package. The coaxial line aperture acts as a source of microwave that transmits into the package; the same aperture also
acts as the receiver of the signal reflected by the chip pad. A network analyzer (HP8510) was used to generate a
continuous wave signal fed to the coaxial line sensor and measure the magnitude of effective reflection coefficient at the
coaxial line aperture. A computer was employed to process the data output from the network analyzer and control the
stage translation in the x- and y-directions. The sensor having an inner and outer radii, @=0.46 and b=1.50 mm,
respectively, is terminated into a flat metallic flange with radius ¢=14.50 mm. To conduct the experimental study, four
IC packages were used as samples. Two of them are free from delamination, and the others contain artificially
introduced delamination that has been confirmed by the SAT testing. The thickness of the delaminations introduced here
is around 20 £m. The frequency, on which the difference of the magnitudes measured between the two category
packages with and without delamination takes the biggest value, was selected as the operation frequency. The standoff
distance that is sensitive to the magnitude difference between the two category packages was fixed for later
measurement. Finally, the magnitude of effective reflection coefficient was measured by scanning the samples in the x-
and y-directions with the selected operation frequency and standoff distance. The measured results showed the
difference between the two category packages with and without delamination very clearly. The curves of the magnitude
of effective reflection coefficient versus measurement position were smooth and showed smaller decrease for packages
without delamination, but fluctuating and larger decrease for packages containing delamination. The potential of
improving the resolution of microwave NDT by the open-ended coaxial line sensor has been confirmed in the study.

The delamination in IC package was detected successfully without using any coupling medium, and hence it is possible
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1o estimate the reliability of package by evaluating its delamination.

Chapter 4 Evaluation of Delamination Based on Phase Measurement

For detecting and evaluating the delamination automatically, phase measurement was introduced in the experiment
since it is less affected by the scatter of microwave in comparison with the case of magnitude measurement. The
frequency of the phase measurement can work on the relatively lower region. The experimental results showed that the
sensitivity of the measurement is almost independent of the operation frequency and linear with the standoff distance in
their effective ranges. It means that the operation frequency and the standoff distance are not required to optimize in
advance. The phase of the effective reflection coefficient at the aperture of the open-ended coaxial line sensor,
associated with the component reflected at the surface of the chip pad and varying with the thickness and also dielectric
constant of the delamination layer, was measured as a characteristic signal to detect the delamination. The phase
difference in cases of package with and without delamination was also calculated to evaluate the delamination and crack.
In the experiment, the operation frequency was 20 GHz that is significantly lower than the case of magnitude
measurement. Higher frequency can increase the spatial resolution, however the cost will also be increased. The
standoff distance from the sensor aperture to the sample surface was fixed to be 0.2 mm. The experiment was performed
by scanning the sample along the y-direction with a 0.5 mm pitch at the center of package. The measured phase for
sample with delamination is significantly smaller than that for sample without delamination. The different phase values
indicate the existence of delamination. The experimental results showed the delamination evidently; by measuring the
delamination at the edge of chip pad, the extended crack in the plastic package was also estimated. The advantage of
using the parameters without calibrating them in advance makes the phase measurement convenient to realize automatic

inspection.

Chapter 5 Theoretical Considerations

The interaction of microwave with the IC package is a complex phenomenon. In order to evaluate the experimental
results and optimize the conditions of the measurement, it is important to understand the nature of this interaction.
Consider an incident signal, which is transmitted into a medium and reflects at the surface of the conducting plate in the
medium. The ratio of the latter signal to the former gives the effective reflection coefficient of the medium. The phase
difference of the effective reflection coefficient for a medium with a defect and one without a defect is related to the
thickness and also the dielectric properties of the defect. The equation of effective reflection coefficient was derived
from basic Maxwell’s equations, based on the considered module of microwave interacting with IC package. Using the
calculation, the thickness of delamination can be estimated from the measured phase difference. In order to verify the
experimental results and theoretical prediction, the predicted value of the delamination thickness was compared with its
actual value. One sample measured in Chapter 4 was cut along the x-direction at the center of the package, and observed
by microscope after finishing the experiment. The actual thickness of the delamination in the sample was approximately
31 1 m, 1/500 of the working wavelength approximately. It is close to estimated value of 39.8 £ m. One reason of their
difference is on the undulation of the measured delamination. The theoretical model can be used to optimize and
calibrate the experiment, and to replace the reference sample. The good agreement of the experimental results with the
calculation indicates that the present technique can be used for early detection and quantitative evaluation of the

potential defects in IC package or other dielectric materials.
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Chapter 6 Microwave Imaging

Modern NDT technique requires the inspection technique that is not only able to detect defects correctly but also
observe defects directly. Imaging technique is a possible way to observe the shape and the size of the defects.
Microwave image was created by recording the phase of effective reflection coefficient continuously, when IC package
was scanned. The measured package image showed the delamination in damaged package very clearly. The open-ended
coaxial line sensor was faced to the back-wall of the package, so the delamination layer was located between the sensor
aperture and the chip pad. A phase image was created by scanning a sample in the x- and y-directions. The scanned area
was 20 X25 mm and the pitch was 0.5 mm. The operation frequency was 20 GHz and the standoff distance between the
sensor and the sample was 0.2 mm. Figure 6.4 (b) shows the images of a pair of samples with and without delamination
using the raw data without any image processing. The dark grey region in the image of 4-S2 indicates a delamination
between the chip pad and the plastic package. In the image of 4-84, package part is observed with light grey completely,
which means there is no delamination contained in the sample. The difference between the images of 4-S2 and 4-S4
illustrates the information of delamination; by comparing them, the delamination can be detected effectively.
Microwave imaging was confirmed to be an effective tool to detect the delamination in IC package. By using the open-
ended coaxial line sensor, the spatial resolution is improved. With the aid of the microwave imaging technique, the full
mechanism of delamination is expected to be observed in the soldering conditions, thereby the prediction of the

condition of delamination and crack occurrence also becomes possible.

Chapter 7 Conclusions

A new microwave NDT technique was developed for evaluation of delamination in IC packages. By using open-
ended coaxial line sensor, spatial resolution was improved relative to the conventional microwave NDT techniques.
Based on the specific properties of microwave that it penetrates deeply inside dielectric materials and reflects
completely at metal surface, delamination in IC package was detected effectively. With the aid of this technique, the
mechanism of the delamination can also be investigated. This advanced technique provides a new experimental method
for integrity assessment of IC package, thereby supplying the capabilities to improve the design of packaging, as well as
the reliability of IC package. Simultaneously, high sensitivity of this technique also offers a great possibility to evaluate

other dielectric materials nondestructively.
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Fig. 6.4 (b) Microwave image of series 4 samples, Sample 4-S2 with and 4-S4 without delamination
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