Proceedings of the ARPA/AFML Review of
Progress in Quantitative NDE, September
1976–June 1977

Interdisciplinary Program for Quantitative Flaw
Definition Annual Reports

5-1978

Acoustic Imaging of Joined Surfaces
C. S. Tsai
Carnegie-Mellon University

S. K. Wang
Carnegie-Mellon University

C. C. Lee
Carnegie-Mellon University

Follow this and additional works at: http://lib.dr.iastate.edu/cnde_yellowjackets_1977
Part of the Materials Science and Engineering Commons
Recommended Citation
Tsai, C. S.; Wang, S. K.; and Lee, C. C., "Acoustic Imaging of Joined Surfaces" (1978). Proceedings of the ARPA/AFML Review of
Progress in Quantitative NDE, September 1976–June 1977. 20.
http://lib.dr.iastate.edu/cnde_yellowjackets_1977/20

This 5. New Techniques and Phenomena is brought to you for free and open access by the Interdisciplinary Program for Quantitative Flaw Definition
Annual Reports at Iowa State University Digital Repository. It has been accepted for inclusion in Proceedings of the ARPA/AFML Review of Progress
in Quantitative NDE, September 1976–June 1977 by an authorized administrator of Iowa State University Digital Repository. For more information,
please contact digirep@iastate.edu.

Acoustic Imaging of Joined Surfaces
Abstract

In this paper, the results of imaging experiments with the interfacial region~ of representative solid material
joints, using a transmission-type scanning acoustic microscope operating at 150 MHz, are reported. Voids and
flaws in specially made joints as well as production-line silicon solder bonds (die bonded headers) have been
detected using the transmission-mode of operation of the microscope. Acoustic velocity of epoxy in an
organic adhesive bond has also been measured using a combination of transmission and interference-mode of
operation.
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ACOUSTIC IMAGING OF JOINED SURFACES
C. S. Ts~i. S. K. Wang, and C. C. Lee
Center for the ~oining of Materials
and
Department of Electrical Engineering
Carnegie-Mellon University
Pittsburgh, Pa. 15213
ABSTRACT
In this paper, the results of imaging experinents with the interfacial region~ of representative
solid material joints, ~1ng a transmission-type scanning acoustic microscope operating at 150 HHz, are
reported. Voids and flaws in specially made joints as well as production-line silicon solder bonds (die
bonded headera' have been detected using the transmission~de of operation of the microscope. Acoustic
velocity of epoxy in an organic adhesive bond has also been measured usinq a combination of transmissionand interference-mode of eperation.
Introduction

Capabilities of the Acoustic Microscope

The ch~racteristics and strength of solid
material joints, bonds, or composites are , to a
large degree, influenced by the elastic properties
of their interfacial regions such as stress distributions, microstructures, defects, voids, etc.
It is thus desirable to visualize and ultimately
characterize their Interfacial regions using
acoustic techniquesl. A nwnber of acoustic techniques capable of spatial resolution in t~e micron
range have been developed in recent yearsc-8, and
some of them have been employed for the study of
fr~cture and stress distribution in a single
.aterial9,10. We have employed a transmissiontype scanning acoustic microscopeS to image f~e
interfacial regions of representative joints .
Key Components of the Transmission-Type
~canning Acoustic Microscope
The acoustic microscope consists essentially
of an acoustic generator, two acoustic lenses,
water cell, precision sample holder, mechanical
scanning syster:., acoustic detector, signal processing electronics and storage CRT (Fig. 1).
The acoustic waves are generated by a LiNb03 wafer
transducer to which one end face of a sapphire
rod Is bonded. Aspherical acoustic lens at the
other end face of this rod allows the acoustic
energy to be focused to a diffraction-limited
spot. The focused acoustic beam Is then neflected,
refracted, scattered and tttenuated at boundaries
in the sample where variations In the elastic
parameters occur. A second sapphire rod with an
identical acoustic lens formed at one end face
collects the transmitted 1coustlc energy. Anot~er
LiNbOJ transducer bonded to the other end of this
second sapphire rod converts the transmitted wave
into an electrical signal which, after signal processing using a superheterodyne receiver, Is fed
to the CRT, resulting in an intensity-modulated
image. By scanning the SIDPle both laterally
(In raster scan/ and in depth, focused acoustic
Images for any cross section of the sample can be
displayed on the CRT, and elastic inhomogenities
in the sample mapped.
Figures 2 and 3 show, respectively, the
photographs of the close-•p and the whole set-up
of the microscope.
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The key parameters of the acoustic microscope
employed In this study are listed as follows:
Spatial Resolution: 10 um in water at 150 HHz
Field of View for the Sample: 3x4 mm
Magnification of Acoustic Images: 35
Total Electrical Throughput Loss: 35 db
Dynamic Range: 30 to 50 db at 1 rrw (Odbm)
Input electric power, depending on the
sample that has been examined
Hodes of Operation: Transmission mode and
Interference mode
The resolution capability of tle microscope
Is demonstrated fn the acoustic Image of a 1000
mesh (25 um periodicity and 10 um tlickness)
copper grid which was Inserted in tile focal region
of the acoustic beam In the water cell (see Fig. 4).
Note that the bright areas corresp011d to larger
transmission of acoustic energy an~ thus to the
holes in the grid. Clearly, this licroscope is
capable of a spatial resolution of better than
10 um in water at 150 HHz.
Acoustic Images of Solid Material Joints
A number of representative solid material
joints, bonds, and composites have been examined
using the transmission-mode and/or the interference-mode of operation. Some of tie acoustic
images that have been obtained are given In this
paper. Additional acoustic images may be found
in Ref. 11. Figures 5-7 and Fig. 8{a) show the
acoustic images obtained using the transmissionmode of operation.

In the first specimen, a 400 .esh copper
grtd (2.5 mil periodicity and 1. 75 111il thickness)
was inserted between two brass sheets, each 2 mil
th1ck, and glued into a composite esing adhesive
loctite 04E. The copper grid alone wos first
imaged and the resulting acoustic licrograph is
shown In Fig. S(a). Again, the bright areas
correspond to the holes In the grid. A comparison
of Fig. S(a) with the optical image (not shown)
Indicates that the quality of the acoustic image
is only slightly lower than that of the optical
image. The acoustic micrograph for the composite
Is shown in Fig. S(b). We see that some of the

bright areas hove been lost, indicating that some
debonding had occurred. We also note that the
sizes of the bri9ht areas are somewhat smaller than
that of Fig. S(a). This may possibly result from
the imperfect contact at the edges of the holes
and/or the effect of the adhesive through acoustic
scattering. Thus, this particular speci~n and
the acoustic micrograph obtained serve to demonstrate that the acoustic microscope is capable
of visualizing and detecting debonds of relatively
thick joints/composites, consisting of both
metalllc and organic ~terials.
In the second specimen, a patch of epoxy was
attached between two brass sheets, each 6 mtl
thick. In order to create a well defined variation
in the thickness of the epoxy layer a fine metal
wire was first laid at one end of the brass sheet
to act as on uneven spacer before the epoxy has
been applied. The acoustic micrograph obtained
for the resulting bond is shown in Fig. 6. The
dark dots 1n the image have been identified as
resulting from the bonding flaws (in the form
of air bubbles), and the fringe pattern as resulting
from multiple acoustic reflections from the specimen. The first observation is confirmed by examination under an optical microscope after one of the
brass sheets has been peeled off and the second
observation is in agreement with the actual variation in the thickness of the epoxy layer as
measured by a micrometer, namely, from 1.5 mils
at one end to 4.5 mils at the other. Again, as in
the first specimen, this particular bond and the
acoustic micrograph obtained have clearly demonstrated the usefulness of the acoustic microscope
for the inspection, identification and characterization of solid material bonds.
In the third specimen , a Motorola productionline die bonded header which consists of a
2.5x2.5 mm silicon wafer, Au-Sn solder and a copper
plate as first polished to a suitable thickness
from both end faces. The final thickness of the
silicon wafer is 0.1 1m and that of the copper
plate is 0.3 mm. The acoustic micrograph for
the resulting bond is shown in Fig. 7. By scanning
the specimen in depth it was found that the dark
dots in the image reached the highest degree of
focus as the focal region of the acoustic beam
wa•. brought to coincide with the solder region.
Thus, it is concluded that the dark dols correspond to some voids In the bond. This particJlar
bond and the acoustic micrograph obtained have
clearly demonstrated that this acoustic microscope
can be used to nondestructively observe voids in
the semiconductor die bonds, one of the backbones
of solid state electronics.
Note that the acoustic images shown in
Figs. 4-7 were obtained using the transmissionmode of operation and, therefore, carry only amplitude information. However, phase Information
resulting from variations in the acoustic wave
velocity and/or the thickness of the specimen Is
also Important. For example, the strength of
adhesive bonds have been shown to be closely
related to the acoustic wave velocity of the
adhesivel2. We have employed a combination of the
transmission-mode and the interference-mode of
operation to measure the acoustic wave velocity
of epoxy in a brass-epoxy-brass bond. In the
interference-mode of operation the relative phase
of the acou tic signals transmitted through the
bond was obtained by comparing it with the phase
142

of a reference electrical signal. Assuming that
both brass plates are of uniforM thickness and
homogeneous In elastic parameters, we note that
the relative phase of the transmitted acoustic
signals Is determined by the variation in the
thickness of the epoxy layer and the acoustic
velocities of both epoxy and water. Under this
assumption, we see first that variation in the
thickness of the epoxy layer is contained in the
fringe pattern of the acoustic image obtained using
tloe transmission-mode of operation. Next, the
relative phase of the transmitted acoustic signals
Is contained in the fringe pattern of the acoustic
image obtained using the Interference-mode of
operation. Thus, it i~ possible to deduce the
acoustic wave velocity of the epoxy by counting
the fringes in both acoustic i.ages. The acoustic
images obtained using the two nodes of operation
(for the some region of the brass-epoxy-brass
bond) are shown in Fig. B. By studying the fringe
patterns in the acoustic images we have arrived
at an acoustic wave velocity of 2.7xlo5 om/sec
for the epoxy in the bond. This measured value
is in good agreement with the published dotal2.
It is to be noted that spatial variation in the
acoustic velocity may be dete~ined by simply
scanning the bond.
Conclusion
We have shown that the sc~nning acoustic
microscope, operating in the transmission-mode of
operation, is capable of detecting voids, flaws
and defects in the interfacial regions of specially
made joints/composites/bonds as well as productionline silicon solder bonds. We have also shown
that the same microscope, when operating at a
combination of transmission- and Interference-mode
of operation, can be used to measure the velocity
of acoustic wave propagation in the bonding layer.
Clearly, for each particular joint , bond or composite, more comprehensive study in which the
individual parameter is independently controlled,
is required to achieve a more detailed
characterization.
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Figure 1. Block diagram.

Fi gure 2. Photograph of the acoustic microscope
(the close-up).

Figure 3. Photogranh of the acoustic microscope
(the whole setup).
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(a)

Figure 5.

fi gure 4. Acoustic iaage of a 1000-mesh copper
gr1d (25 ~periodicity and 10 ~m
thickness ).
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(b)

(a) Acoustic image of a 400-mesh copper
grid (62 .5 11 m periodicity and 44 11m thickness) (b) Acoustic image of a brasscoppe~ grid-adhesive-brass joint (the
copper grid is that of (a), thickness of
each brass sheet is 2 mils).

r1gure 6. Acoustic image of a brass-epoxy-brass
joint (thickness of each brass sheet
is 6 mils, thickness of epoxy layer
varies from 1.5 ~fls at one end to
4.5 mils at the other).

Figure 7. Acoustic images of solder bonds of
silicon on copper. (Motorola productionline die bonded headers. The solder is
Au-Sn preform; silicon di~nsions are
2.5x 2.5Jt0.1 m; copper header is 0.3
11111 thick).

(a)

(d)

Figure 8. Acoustic images of brass-epoxy~rass bond (thickness of each brass sheet is 4 mils and that
of epoxy layer is 1.0 mil).
(a)
(b)
(c)
(d)

Acoustic image obtained usieg transmission-mode of operatioa.
Acoustic image obtained usieg interference-mode of operation.
Same as in (b), but with a change in phase reference by 900.
Same as in (b), but with o change in phase reference by 1800.
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