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some portion of the ultrasound will be
reflected while the rest of the ultrasound
will travel deeper and be reflected

from the next interface. This pattern is
continued throughout the layers being
inspected.

Acoustic Inspection of
Heat Sink Attach

Automotive thermals need
specialized treatment

The reflections from multiple interfac-
es are generally not all used in a single
acoustic image. Instead, the reflections
used for a particular acoustic image
are limited to a specific arrival time that
defines the depth of interest within the
assembly. If the depth of interest is the
TIM/solder layer bonding the heat sink
to a substrate, as shown in Figure 1, the
time window (gate) would extend from
just above the solder-heat sink interface
to just below the die interface with the
TIM/solder material.

One of the key requirements for a power device used in an automotive environment is ] ] o o
Figure 2: Irregular white areas are voids in the acoustic image of the solder attach

the removal of heat to prevent the device from overheating and failing. Heat transfer techniques of a heat sink coin.

such as fluid coolants and fans, often used in less demanding applications, are generally not
suitable for automobiles.

interior of the target. For example, an The only ultrasonic reflections that
assembly may be positioned with the come back to the transducer are from
external surface of the heat sink upward the interfaces between materials. As
(Figure 1). The transducer scans back the ultrasound travels through the bulk
and forth across this surface, pulsing metal of the heat sink, it sends back no
and receiving return echoes several reflections. However, at the interface
thousand times a second. between the heat sink and the solder,

After each pulse of ultrasound, one
return echo is captured and is converted
into one pixel in the acoustic image. At
a location where the heat sink is firmly
bonded to the solder, the amplitude of
the reflection will be moderate and the
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transfer, but both of these defects are non-destructive method that images var-

The typical mechanism for heat
transfer is the intimate bonding
of a metal heat sink to the power
device. A hybrid electronic module, for
example, may be attached by solder or
by a thermal interface material (TIM) to
a base metal plate that serves as the
heat sink. A small device such as a TO
package may be bonded directly onto
a heat sink. The heat sink is designed
to achieve the level of thermal transfer
required to avoid failure, but whether
the desired level of thermal transfer is
actually achieved depends largely on
the quality of the bond and the integrity
of the interface material.

A common reliability problem in heat
sinks is the excellent insulating ability
of air. During the assembly process, it is
not unusual for air bubbles to become
trapped in the solder or other bond-
ing material. After the bonding material
has hardened or cured, the bubbles are
permanent voids within the material. The
overall effect of the voids is to shrink
the contact area because voids are an
efficient mechanism for limiting ther-
mal transfer. If the total area of voids is
great enough, the power device will fail.
Cracks within the bonding material and
delamination of the bonding material
from one or both adjoining surfaces also
occur, and also interfere with thermal

much less frequent than voids.

Voids in the bonding material cannot
be seen visually, and may be difficult
to distinguish with X-ray. They can be
made visible by physically cutting the
assembly apart, but this method is
destructive and so time-consuming that
any data acquired may be gathered too
late to make effective changes in pro-
duction processes.

Acoustic micro imaging provides a

ious types of internal features, including
voids, and leaves the assembly intact
and still suitable for production. The
method is widely used for non-destruc-
tive evaluation of electronics assemblies
generally. One of its most frequent uses
in automotive applications is the evalua-
tion of the attachment of heat sinks.

An acoustic microscope uses a scan-
ning transducer that serves two purpos-
es: it pulses ultrasound into the target
and receives the return echoes from the
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Figure 1: The scanning transducer of an acoustic micro imaging system pulses
ultrasound into the target and receives echoes from the depth of interest.
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Figure 3: Four power devices out of many imaged
automatically in a tray. Red and yellow areas are defects in

the bond of a heat sink to a silicon die.

pixel will be gray. But if the reflection
comes from an interface between the
heat sink and air — in other words, from
a location where there is a void in the
solder — the amplitude of the reflection
will be much higher, and the pixel will be
bright white. Voids, delaminations and
cracks that contain air or another gas,
reflect virtually 100% of the ultrasound
that strikes them and are imaged far
more brightly than other features in the
acoustic image.

Figure 2 is the acoustic image of a
heat sink coin that has been soldered
to the surface of a board. The two cut-
outs will hold power devices mounted
on the other side. The echoes used
to make this image were reflected
from the interface between the heat
sink and the solder. The heat sink is
continuous across the entire image, in-
cluding the cutouts, but the coin itself
is not visible because it is a continu-
ous bulk material and does not send
back a reflection.

The white areas in the coin-to-solder
interface are voids. They are numerous
and cover such a large area of the bond
that they will compromise the intended
thermal transfer across the interface
between the solder and the heat sink.
Automated analysis of the total area
of the voids showed that they occupy
26.3% of the intended bond area.

Although power devices having heat
sink can be imaged individually on a

Figure 4: Red area is a delamination of mold compound
from the substrate around this power device die. Loss of
heat transfer will be small, but the delamination invites

moisture and corrosion.

laboratory-style acoustic microscope,

it is more efficient to use automated
acoustic microscope systems, espe-
cially where the volume of parts is high.
The parts move on conveyors in trays
designed to handle multiple parts. Trays
can be stacked and fed through the
acoustic system, and restacked after
inspection. Alternately, external handling
equipment can feed the trays into and
out of the automated acoustic micro-
scope. The collected data is automati-
cally analyzed to identify each part as
accept/reject. The exact criterion for
accept/reject are determined by the user
of the system and are stored in a library
of programs that control tray handling,
imaging and analysis for a range of part

types.

Figure 3 is the acoustic image of four
parts in a tray of power devices. In this
image, a color map was used to high-
light the defects. The depth of interest
is the solder bond between a metal heat
sink on top and a silicon die. The verti-
cal rectangle in each part is the bond
area. Red and yellow areas indicate
high-amplitude reflections, and there-
fore represent poor contact and voids
in the solder. The two parts in the top
half of Figure 3 have few defects and
would pass inspection. The two parts
at the bottom of Figure 3 however, have
extensive areas of voiding and would be
rejects.

Figure 4 is the acoustic image of a
power device from the top side, looking
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through the epoxy mold compound. The
heat sink lies underneath the die, which
is the gray rectangle at the center. Red
and yellow areas indicate the delamina-
tion of the mold compound from the
heat sink. Note, however, that the die it-
self is not disbonded from the heat sink.
The gap between the mold compound
and the heat sink will result in a minor
reduction in thermal transfer, but most
heat is transferred directly from the die
down to the heat sink. The delamination
is a reliability concern, but for a different
reason: it may become a collection point
for moisture that will promote corrosion
within the device.

A newly developed technique permits
acoustic microscopes to measure the
thickness of an internal layer such as a
bond layer very accurately. The tech-
nique was developed for measuring
very thin (around 75 microns) thermal
interface material between heat sinks
and advanced flip chips, but can also be
used on thicker internal layers.

The coverage, integrity and thick-
ness of any thermal interface material
between a heat sink and the device
being cooled are critical for its optimum
performance over its expected operat-
ing lifetime. The reliability of the device
and the automobile that relies on the
function of the assembly incorporating it
will be compromised by these small, yet
significant details.
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