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Non-destructive Analysis for Metal/Glass Interface
Using Synchrotron Radiation

Junji ITHARA* and Koji YAMAGUCHI

We have developed a new technique to analyze an interface between metal and glass nondestructively at Hermetic seal
in electronic components. In the specimen fabrication, we employed a precise thinning technique instead of the
conventional exfoliating, so that the interface would maintain its original state. In the diffraction measurements, we
combined a highly brilliant x-ray from synchrotron radiation and 2-dimensional detector. By optimizing the specimen
configuration, x-ray beam shape and its alignment, we succeeded in detecting diffraction peaks from a very small
quantity of oxides that existed in the 1 um thick metal/glass interface.
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1. Introduction

In the terminals of electronic components, the metal
lead wires are often sealed with glasses in order to improve
their environmental durability. The mechanical strength
and airtightness at the metal/glass interface are of particu-
larly great importance to create highly reliable products.
The characteristics of the interface layer, where the metal
and glass contact with each other, are considered to be af-
fected by such factors as flatness, composition, and structure.

The scanning electron microscopy (SEM) and x-ray
diffraction (XRD) analyses are conventionally employed
for the characterization of the interface layer. In these
analyses, the interface needs to be peeled off on one side.
However, it is very difficult to perform the peeling process
precisely. Besides, the exposure may change the state of
the interface layer by oxidation.

Figure 1 shows an SEM image of the wire/glass inter-
face. The specimen is an airtight terminal of a cold cathode
fluorescence lamp (CCFL), in which the Kovar or iron-
based metal alloy wire is sealed with silicate glass. The SEM
specimen was fabricated by using the cross-section polish-
ing technique. We can clearly see the interface oxide layer,
whose thickness is less than 1 pm.

We fabricated another specimen by peeling off the
glass side. From the SEM analysis, the exposed surface was
found to have a fine granular texture, as shown in Fig. 2 (a).

Oxide layer

Fig. 1. SEM image of the interface between Kovar wire and glass

Though the residual Kovar side had been expected to show
only the signals of Fe, Co, Ni, and there oxides, the energy
dispersive x-ray spectrometry (EDX) analysis clarified that
the exposed surface also contained Si, which should be
derived from the silicate glass (Fig. 2 (b)). These results
demonstrate that the specimen fabrication by peeling the
surface cannot necessarily expose the aimed interface.

We also performed the XRD analyses, expecting to de-
tect the Fe oxide on the exposed surface. In the measure-
ment, we placed several specimens side by side to increase
the intensity of diffraction signals. However, we detected
no diffraction peak of Fe oxide on the Kovar side, as shown
in Fig. 3. The same results were obtained from XRD analy-
ses for the silicate glass side.

These results can be attributed to the following two
reasons: one is that the remaining silicate glass made the
exposed Kovar area very small, and the other is that the
quantity of Fe oxide at the interface layer was too small to
be detected by the x-ray source in the conventional XRD
equipment.

To solve these problems, we have developed a new
technique for fabricating a specimen without the peeling
process. Considering the small quantity of the interface
layer, a highly brilliant x-ray source was required for the
XRD measurements.
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Fig. 2. Results of SEM and EDX analyses for peeled surface at Kovar wire
and glass interface. (a) SEM image (b) Fluorescence x-ray spectrum

SEI TECHNICAL REVIEW - NUMBER 77 - OCTOBER 2013 - 137



5000

4000

Diffraction Intensity (counts)

3000

30 35 40

Diffraction Angle (degree)

Fig. 3. X-ray diffraction pattern obtained from the peeled surface. In the
measurement, the conventional XRD equipment was used.

2. Experiments

2-1 Specimen preparation

Figure 4 shows the specimen preparation procedure.
We thinned the specimen by polishing from both sides so
that the interface layer between the wire and glass would
maintain its original state, without being exposed to the air.
In the thinning process, we observed the polished surfaces
using an optical microscope to make sure that the thinning
process was being conducted equally on both sides.

The aimed thickness after thinning was 200 pm, which
was sufficiently thin for the diffracted x-ray to penetrate.
As we used a two dimensional (2-D) detector in the XRD
measurements, the diffracting region should be approxi-
mated as a point. In this point of view, the aimed thickness
was also appropriate.

Glass

Cross-section
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Fig. 4. Schematic figure of sample preparation

2-2 XRD measurements

As described thus far, the conventional XRD equip-
ment could not give the x-ray with sufficient intensity and
transmitted to analyze the extremely thin interface layer.
Therefore, we utilized the highly brilliant x-ray in SPring-8,
one of the largest synchrotron radiation (SR) facilities in
the world. The measurements were carried out at BL16XU
(SUNBEAM-ID). The x-ray energy was 25 keV and the

higher harmonics were cut by using an Rh-coated mirror
placed at an incident angle of 1.5 mrad.

Here, we describe some of the important factors in the
measurement in detail. The measurement configuration is
illustrated in Fig. 5.

First of all, the incident x-ray beam was irradiated
perpendicularly to the polished surface of the specimen
(Fig. 5 (a)) and the diffracted x-ray was detected by the
2-D detector. The diffraction occurred not only in the in-
terface layer but also on the polished surface of the Kovar
wire, which should have been oxidized in the atmos-
phere. However, the diffraction from the polished sur-
face could not penetrate the wire because of its large
absorption coefficient for the x-ray. On the other hand,
the diffraction from the interface layer could penetrate
the glass, whose absorption coefficient was relatively
small. Thus, we succeeded in detecting the diffraction
from the aimed interface layer selectively.

Secondly, the shape of the incident x-ray beam was ex-
amined. Generally, as the beam size becomes larger, the un-
desired diffraction from the Kovar wire increases. Then we
have to shorten the dwell time so that the 2-D detector would
not be saturated. Therefore, we cannot obtain sufficient sig-
nals of the interface area. We adjusted the slits to make the
x-ray beam width and height 5 mm and 20 pm, respectively,
in order to increase the signal from the aimed interface layer
and to minimize the diffraction from other regions in the
specimen. In controlling the beam shape, the parasitic scat-
tering by the vertical slits was found to expand the beam size,
which increased the background and lowered the sensitivity.
To reduce the parasitic scattering, we placed two collimation
slits in tandem geometry so that the vertical x-ray size to be
30 pm extension was controlled small.

The third factor is the x-ray beam alignment. To max-
imize the diffraction from the aimed interface, the beam
should be aligned to the interface as precisely as possible.
Figure 6 shows the intensity of the transmitted x-ray that
was measured by changing the position of the specimen.
The position can be classified into four regions; air, glass,

@ Diffraction (b) 2D Detector (IP)

Slit2

Slit1

Sample

SR .

Fig. 5. X-ray diffraction measurement layout with synchrotron radiation
(a) Cross section of sample
(b) Layout of slit, sample and detector

138 - Non-destructive Analysis for Metal/Glass Interface Using Synchrotron Radiation



Interface

Air Glass Kovar wire
0 A
c MYy A A
=
o
£ 30000
2
[7]
c
5]
2
£
F 20000 Half Intensity
X
°
@
]
€ 10000
@
c
©
£
=
-1000 -500 0 500

Sample Position / ym

Fig. 6. Penetrating x-ray intensity vs. specimen position

interface, and Kovar wire. The point where the intensity
became half of that of the glass region was defined as the
interface. We found that the best position for the x-ray dif-
fraction measurements was at 20 pm from the interface to-
ward the glass region.

Finally, we describe the effect of x-ray detectors. As the
thickness of the interface layer is less than 1 pm, there are
not sufficient numbers of crystal grains to make a complete
Debye ring. It follows that the conventional scanning of
scintillation counter or O-dimensional (0-D) detector would
not work in the diffraction measurements. Therefore, we
have utilized an imaging plate (IP, BAS-SR2040 released by
FUJIFILM Corporation), which is a kind of 2-D detector.

Figure 7 shows an example of diffraction image ob-
tained by the IP. The exposure time for the IP was limited
to 5 minutes to avoid saturation in the diffraction peaks.
The azimuth and camera length were corrected by measur-
ing the reference of CeOz powder. We found several incom-
plete Debye rings, which were assigned to Kovar. The bright
spots on the rings indicate the poor uniformity of the Kovar
crystal grain size in the narrow measurement domain of 500

Scanning Region
of 0-D Detector

Fig. 7. X-ray diffraction pattern obtained with 2-D detector (IP)

pm x 30 pm. Needless to say, the number of the Fe oxide
crystal grain should be much fewer than that of Kovar and
it would be impossible to observe the Fe oxide diffraction
peaks by using the 0-D detector scan, which gives only the
limited region marked by the dashed line in Fig. 7. We in-
tegrated the 2-D diffraction image in the direction of cir-
cumference, using Fit2D code® " released by European
Synchrotron Radiation Facility (ESRF) in France, and ob-
tained the spectra of diffraction intensity versus angle.

3. Result

Figure 8 shows the diffraction spectra of the interface
layer and the glass region. Note that, in the horizontal axis,
we have converted the diffraction angle into the case of
using Cu Ko x-ray source (8.048 keV), which is widely used
in commercially available XRD equipment. In both spectra,
we see a broad peak around 25°, which is derived from the
silicate glass. We also see sharp peaks at 44° and 51°, which
correspond to those of Kovar. The Kovar peaks have been
found as well in the Fig. 8 (b) (glass region), though their
relative intensities compared to the broad peak are much
smaller than those in Fig. 8 (a). The tail of the incident x-
ray beam is considered to be irradiating in the Kovar area,
though the beam center is aiming at the glass region.
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Fig. 8. X-ray diffraction patterns of thinned sample (wide range)

Figure 9 shows the enlargement of the area surrounded
by dashed line in Fig. 8. The Fe oxides are known to have
diffraction peaks in this angle range. We have confirmed
the peaks of Fe20s and FeO in the spectrum of the inter-
face layer. On the other hand, no such peaks were found
in the glass region. These results demonstrate that the Fe
oxides exist at the metal/glass interface. In the measure-
ments using the peeling-off specimens and commercially
available XRD equipment, we could not observe the oxide
peaks. The techniques that we have developed for the spec-
imen fabrication and diffraction measurement are very use-
ful to observe the thin interface layer.
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Fig. 9. Magnified x-ray diffraction patterns of thinned sample at iron-oxide
region

4. Conclusion

We have successfully developed the new technique to
analyze the interface between metal and glass nondestruc-
tively. In the specimen fabrication, we employed the pre-
cise polishing technique instead of the conventional
exfoliating, so that the interface could maintain its original
state. In the diffraction measurements, we combined the
highly brilliant x-ray from synchrotron radiation and 2-D
detector. We also optimized the specimen configuration,
x-ray beam shape, and its alignment. As a result, we suc-
ceeded in detecting the diffraction peaks from the ex-
tremely small quantity of Fe oxides that existed in the 1 pm
thick metal/glass interface.

The analyses technique developed in this study is very
useful to investigate the bonding mechanism between het-
erogeneous materials. We will apply this technique to other
materials and develop new products with superior adhe-
siveness in the future.
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