SATECH INC.

The Solutions Provider!

Jetting of flux for flip chips

Steve Adamson

Tom Adams
Consultant

In flipchip assembly, the jetting
of liquid flux material ontothe
substrate has advantages over
the dipping ofthe attached balls
into flixe. One key advantage 15
an inerease inline capacity that
ocours because the dipping op-
eration of the pick-and-place
machine can be eliminated.

Several users of Asytmek’s
flux dispensers in plants in Tai-
wan have reported throughput
increases of about 20 percent
compared to dipping of the sol-
der balls. Manufacturers have
also found out that jetting lets
them put down a much thinner
flux layer—as thin as Su—and
leaves significantly less residue.
These plants have also reported
increased yield when using jet-
ting, a result that has also been
obtained by major assembly
houses arcund the world

As used on flip chip sub-
strates, jetting sprays low-vis-
cosity fluxes (typically 95 per-
cent alcohol) onto a defined
area of the substrate, with little
overspray beyond the defined
area. A 10-by-10mm chip re-
quires only a 1mm border for
overspray: and since adjacent
bond pads and structures ont-
side this border receive no
spray, cleaning is therefore not
required.

In dipping. the chip. with
solder balls attached, is in-
verted and dipped into a thin
layer of liquid flux on a plate.
The thickness of the flux onthe
plate is controlled by a doctor
blade that continuously sweeps
around the plate to achieve a
thickness of around 25pm to
S0um {001 mch to 002 inch).
Although dipping is a reason-
ably straightforward method,
in volume production it has
some weak points that may be-
come problems. Although the
layer of liquid fhux on the plate
isrelativelythick, some balls on
the chip may not receive amy
Flux at all since solder ballsvary
in diameter. In dipping, some
of the shorter balls may not
make contact with the flux
[Fig. 1]. Asthe chip is drawn
downward during reflow, the

uncoated short balls may make
physical contact with the bond
pads. but they will not make
good joints.
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Figure 1: Dipping may leave short
balls without flux.

Injetting, the fhois exposed
to air only after it has been
sprayed and is already in the
desired location. But the fhix
on the dipping plate is continu-
ally exposed to air, and this ex-
posure may cause additional
problems. Dnist particles that
get into the flux layer may at-
tach themselves to a short ball
and prevent contact with the
substrate, The layer of flux on
the plate is continually drying
olit and must be refreshed to
avoid increases in viscosity, If
viscosity does become toohigh
the flux layer may become
sticky and may begin to pull sol-
der balls off of the chip.

Ancther comparison is that
in dipping. the dipping plate
must be stopped and cleaned
about every four hours. Mean-
while, the recommended clean-
ing interval for the spray nozzle
usedin jetting is one week: it
in practice, nozzles Cequently
operate siuccessfiflly for months
at atime without cleaning.

In some situations dipping
may actually damage the solder
balls, This may oceur on flip
chips where the distribution of
the solder balls 15 uneven—:say.
where there is a concentration
of balls near one edge of the
chip. Thisarrangement is most
likely to occurin flip chips that
have been converted from a
wirebond configuration.

Additionally, there is signifi-
cant differencein the quantity of
flux that is delivered onto the
solder balls by jetting and by dip-
ping. DMppingleaves afho coat-
ing of ahout 25-ta 30wm (abont
001 inch} thick on the solder
balls, while jetting can consis
tently put down alayer of flux as
thin as 5um (. 0002 inch ) onthe
slbstTate,

Avoiding excessive flux residue
Best practice callsfor delivering
the minimum quantity of fhuo
that will prevent axidation and
promote bonding. Applying
more fhix than this means that
therewill e excessive flux resi-
due, Flix residueis structurally
wealk, andis both expensive and
difficult to remove completely.
It is much more efficient to
achieve precise control over
fhiox quantity at the start.

The spraying of flux onto
the substrate by the jetting
technique gives much more
precise control over flux quan-
tity. and thus over flux residue.
Thejetting nozzletypreally lays
down a track of flux about
2.5mm wide. If the chip mea-
sires 10-by-10mm. the nozzle
makes four passes to cover the
whole area. A 1mm wide band
around the area is also
oversprayed, but there is no re-
quirement to spray the whole
area of the substrate.

Jetting is typically used with
high-solvent fhoces (e, 95 per
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Figure 2: Coaxial air assist spreads
the flux and helps achieve final
thicknesses as thin as sum.

cent aleohol) that have very low
visoosities, The micro-droplets
fired by the nozzle may not fat-
ten out immediately on contact
because of surface tension with
the substrate. But directly behind
the nogzle 15 a coaxial air assist
[Fig. 2] that causes the dots of
flux to flow together and form
thedesiredthickness. Thisishow
jetting can achieve a uniform
thickness of only 5um, com-
paredtothe 25- to 30um applied
to the balls by dipping. The re-
duction of flux residue, com-
pared to the volume of flux left
by dipping. is about 40 percent.

The pattern of spraying is
also designed to maintain an
even thickness, On a 10-hy-
10mm substrate, for example,
the nozzle makes four separate
passes Af the end of each pass
the nozzleis shut off, and moved
laterally into position to begin
the next pass, If the nogzle was
not made to shit off, some areas
would receive adouble quantity
of fhipe. More recently. it has be
come possible to employ awider
nozzle to dispense a spray pat-
tern that isa full 10mmwide, so
that a 10-bry-1 0mm sibs rate can
be covered completely in a
single pass This method makes
time savings even greater.

Production engineers that
use jetting to dispense flux have
weighed the substrate offline
after the spraying of lines to
determine the flux thickness,
Accurateweighing is somewh at
difficult since the solvent
evaporates asweighingis being
carried out. Recently, an inter-
ferometer method hasalsobeen
used in-line to measure flux
thickness. Both of these meth-
ods rave simalar resilts: that
the flux itself was as thin as
Sum. In practice, users of jet-
ting have concluded, after mni-
tial trials, that the process is
robust and that attempting to
measure the thickness is no
longer necessary.

Althowugh jetting is ty pically
used with low-viscosity fluxes,
it can also be used with higher-
viscosity flimes and even with
paste fluxes, Inthe latter case,
a different type of nozzle, de-
signed to handle very high vis
cosity fluxes, shoots droplets
that form hnes and dots rather
than a continuous film. |



