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Laser-Microjet¨  dicing processes. Because
of GaAsÕs specific properties, the advantages
of certain methods when dicing Si wafers
become disadvantages when dicing the
GaAs compound. 

Traditional sawing is the most common
dicing technique used in the semiconductor

industry in general. Its primary advantage on
the Si wafer is the quality of the edges. But
the sawing process induces mechanical
constraints that are critical in the case of
GaAs. If chipping is acceptable for Si, it is not
the case for this brittle compound. Chipping
widths of GaAs being larger, the street has to
be widened, thereby diminishing the number

of chips per wafer. Also, because of the
mechanical constraints induced by sawing,
chips corners tend to break easily thus
rendering the pieces unusable. In general, to
achieve an acceptable cutting quality, saw
speed has to be reduced to values ranging
between 3-12mm/sec, thereby considerably

slowing the whole process.
With the scribe and break method,

street width can be reduced drastically,
increasing the number of dies per wafer. This
is a real advantage when processing an
expensive compound material. On the other
hand, the scribe and break technology is not
recent and todayÕs machines are not

adapted to productivity levels required in
the semiconductor industry. Automation is
indeed too low to ensure an acceptable
yield. For example, wafers do not always
break along the scribed line. This often
results in total wafer breakage and loss. This
means as well that the processing speed is
slow, and a large amount of scrap wafers are
required for qualifications. 

Both of the above methods are limited
to straight line cutting, which is not the case
with the laser LMJ that allows free-shape
cutting, including multi-project wafers. 

The third method is the Laser-Microjet¨
(LMJ), not to be confused with a standard
laser. LMJ uses a thin water jet as a light-
guide to drive the laser onto the work piece
(see Figure 1 for the operating principle).
Apart from guiding the laser, the water jet
cools the piece exactly at the place where it
is being cut and heated, also removing the
molten material. In fact, LMJ is a low-
temperature laser dicing system since the
measured temperature in the wafer during
any working conditions does not exceed 160
degrees Celsius[1] The low-pressure jet also
ensures that no mechanical (chipping) and
no thermal damages are incurred by the
wafer during dicing (see Figure 2). The LMJ is
therefore particularly efficient on bri ttle and
difficult-to-machine materials such as GaAs,
even for thicknesses as small as 25 microns.
Furthermore, the high laminarity of the water
jet provides a constant kerf width equal to
the diameter of the jet (40, 50 or 75 microns
according to the nozzle diameter). Another
interesting advantage of the LMJ over the
other processes is that its speed is thickness-
dependent. Since GaAs often enters in the
fabrication of applications that require the
more compactness, ie, thin chips, achievable
cutting speeds are very high. Compared to
the saw, speeds up to eight times faster can
be achieved for thin wafers (100 microns and
below), and up to five times faster for thicker
wafers (thickness between 100 and 300
microns). As for running costs, they are very
small compared to the saw and scribe break
method. Indeed, once the nozzle is aligned it
can last for thousands of hours without
requiring replacement.

Tests with GaAs Chip manufacturers
show that running costs are reduced by a
factor of 1.8 compared to the saw method,
allowing therefore important economies.

Regarding safety issues, several tests have
been performed with the LMJ and have
shown that no arsine gas is detected in the air
while cutting GaAs wafers[2] .This is not
surprising since the laser beam is coupled in a
water jet and laser pulses are very short
(around 450ns). The time for interaction of

Figure 1. Principle of operation of the LMJ dicing technique.

Chip singulation of GaAs wafers is a
real challenge.
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the laser light with the material is therefore
very short and immediately followed by the
cooling effect of the water Ð though, the
concentration of arsenic in the waste water is
high. Therefore, the waste water should be
appropriately filtered or recycled. In brief, the
LMJ does not require any additional security
systems other than those employed for the
abrasive saw in water to avoid arsine
dissipation, and even less since the deionized
water consumption of the LMJ is 20 times
smaller than that of the saw. 

To conclude, the LMJ shows
indisputable advantages over the part
traditional scribe and break and abrasive saw
technologies for the dicing of GaAs wafers.
Even although improvements have been

made to these methods over many years,
they will soon be replaced as wafers become
thinner and employ more costly and critical
materials. The Laser-Microjet¨ is a recent
technology that is constantly revealing its
great potential, and GaAs is not the only
material on which the LMJ has already
shown industry-leading results.
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Figure 2. Omni-directional GaAs/Ge wafer cut with LMJ, magnified 750 times. The small dots on the wafer surface are not residues from the
cutting process, but features of the top layer.


