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The detection of cracks after the wafer is diced into individual die has
become critical in high reliability applications, like the automotive
market, where there are substantial safety and liability concerns.

IE CRACKS COME IN SEVERAL TYPES

(Figure 1), each requiring a

different approach to optimize
detection. Hairline cracks occur at the
surface. They are small and shallow and
show low contrast in inspection images.
Sidewall cracks penetrate the die from
the sidewall (the die edge), roughly in the
plane of the die, and seem to be directly
associated with the dicing process. Inner
cracks are similar to sidewall cracks but
may occur anywhere in the die and are
likely caused by stresses introduced at
other stages in the process. Backside
cracks originate in the wafer substrate
and often continue across multiple die.

As with any defect, the best approach

is prevention. In the case of die cracks
this requires tighter control of the dicing
process. Manufacturers have relied
primarily on manual inspection in this
area. Like many manual processes,

it is slow, labor intensive and often
inconsistent. Automating the inspection
process addresses these concerns.

The number of cracks increases for
an unstable dicing process. A primary
consideration is the location of the saw
kerf relative to the active area of the
die. The die are separated by streets and
each die is surrounded by a die seal ring
intended to provide some protection to
the active area from the stresses of the
dicing process. Optimizing the dicing

34 July 2019 Semiconductor Digest

Hairline Crack Sidewall Crack Inner Crack Backside Crack
\( ] —_— —
u - -

Figure 1. Die cracks are generally associated with the dicing process and may be
conveniently categorized as hairline, sidewall, inner, or backside. Each has distinct
causes and requires a different approach to optimize detection. The upper row
contains diagrammatic representations of these types. The bottom row shows the
appearance in the inspection optical system.

Figure 2. The occurrence of die cracks can be reduced by careful control of the
dicing process to ensure that the saw kerf remains well centered between the die.

process requires the ability to auto-
matically discern the die seal ring and
active area and measure the location
of the kerf relative to them (Figure 2).
Accurate, repeatable measurements of
kerf location enable improvements in
the dicing process that can significantly
reduce the penetration of cracks into
the active area. A growing number of
automotive customers are requiring
automated kerf inspection.

The primary challenge with hairline
cracks is their small size and low contrast
in inspection images. Figure 3 shows
images of a crack before and after the ap-
plication of image processing algorithms
designed to enhance the visibility of
hairline cracks. Spatial filtering improves
the signal to noise ratio, resulting in a
doubling of the apparent width of the
crack and a 4-5X increase in contrast.
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Figure 3. Image processing can improve the apparent size and contrast of tiny
hairline cracks. In the image on the left (5X brightfield with a red filter) the crack is
only two pixels wide and 10 gray scale levels. In the processed image on the right
the same crack is 4 pixels and 40-50 gray scale levels. The processing algorithm
uses spatial filtering to eliminate noise and improve uniformity near the die edge.

The algorithm is also designed to im-
prove uniformity near the edge of the die
where cracks are most likely. The overall
result is an improvement in detectability
and reduction in nuisance defects.

Sidewall cracks typically penetrate
between layers near the die edge. It can
be difficult to discriminate them from
chipping. Inner cracks are similar but
may be located anywhere on the die.
Sometimes, these cracks appear at a
lower magnification and disappear at
higher magnification (figure 4). Why this
happens is not entirely clear. It may be
that the lower numeric aperture of the low
magnification optical system enhances its
sensitivity to topographic displacements
that often occur over the crack. Or it may
be that the larger depth of field at the
lower magnification “sees” through the
upper layers of the die. In any case, IR
imaging, which looks through the die, is
helpful in confirming their presence.

Backside cracks are relatively large and
easy to see—from the back. Backside
cracks often cross more than one die
and are associated with the dicing
process while the die are still on the
film frame that supports them. The
challenge lies in inspecting the backside
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without damaging the active area on
the frontside. Flipping the film frame
requires a film frame inverter. Once
inverted, inspection without contacting
the front surface requires a specially
designed chuck in which the central
portion, corresponding to the active
area, can be retracted below the chuck
surface to avoid contact. Figure 5 shows
a section of a wafer containing several
die from the back (left) and from the
front (right). Cracks that are difficult to

Figure 4. Sidewall/inner cracks can be
challenging to detect because they are
mostly below the surface. They can

be confused with chipping. In these
images their appearance changes with
magnification, seeming to be more
extensive at 1X and smaller at 20X. IR
imaging, which looks through the die,
can provide crucial confirmation of their
existence and extent.

like automotive, where there are sig-
nificant safety and liability concerns.
Proven solutions exist for in-line crack
detection in high volume manufacturing.
The solution described here (DCD, Ru-
dolph Technologies) combines software
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Figure 5. Backside cracks that are obvious when viewed from the back can be hard
to see when viewed from the front. Inspecting the backside without contacting the
active areas of the die requires special handling capabilities.

distinguish from the front are clearly
visible from the back.

Die cracks that may not affect yield

may cause field failures and adversely
impact reliability. Detecting die cracks is
essential in high reliability applications,

and hardware to reduce the number

of cracks that occur with improved
control of the dicing process, increase
the sensitivity to hairline cracks with
image processing, enhance the detection
of sidewall and inner cracks with IR in-
spection, and enable backside inspection
with special handling capabilities.
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