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Digpensing is often overlooked as a process. The process engineer faces alack of good
information about dispensing because very little attention has been paid to the topic over the
past few years. This paper explores some of the lesser known aspects of the end effectors or
pump technologies.

Chip placement technology and placement speeds drive high speed dispensing. Thisdirect link
to the chip shooter determines the required specification for speed in the dispensing process.
Over the past 15 years the placement rates have increased from 10,000 chips per hour (cph) to
over 40,000 cph. While chip shooter speeds have increased over time the average size of
components have been decreasing from 1210 and 1206 (about 40 milsin diameter or more) to
0805 and 0603 (around 20 milsin diameter or less). These changes in speeds and component
sze reduction have redefined the dispensing requirements. Universal Instruments has had 5
digtinct dispensing mode s introduced to the market to mirror 5 chip placement models sense
1989.

TimePressure

Time Pressure dispenaing is the oldest and best
understood dispensing method. About 70% of al
dispensers currently in the market today are Time
Pressure. New machine sdes for the high end
market with Time Pressure dispensing are repidly
declining. The reasonsfor thisfdl out is dueto the
limited capability of dispensng smdl dots a high
rates of speed. Time Pressure as atechnology is
going through a series of challenges as technology
and industry are changing.. The older generations
of the time pressure systems were matched in
speed and ability with the chip shootersthey
supported. This centered around larger chip
placement and dower rates. An example of this technology is shown in Figure #1.




The syringelevel VS dot size. There are very dramétic effects on dispensing with Time

Pressure sysems related to the syringe level or the amount of materid left in the syringe. Asthe
materia level decreases within the syringe the amount of air isincreasing. A pulse of air trandfers
energy in 2 ways. One, the
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syringe. The continuous pulsing of air (compressing and relaxing) within the syringe an internd
friction producing heat. These two factors syringe level and heat have severd interacting process
chalenges that make the Time Pressure systems complex. Figure #2 shows a decreasing dot
diameter asthe syringe level drops. Thisislabeled “without recognition”. It acamerais used
and the dot diameter is held congtant (the flat line labeled “with recognition”) then the tact time,
the time required to achieve this soo0y
dot size, grows longer and
longer.
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Heset generation through the
rapid pulse rates of compressed
ar tranders heat into the
adhesive. This heat comes from

Slight Temperature Changes
the internd friction caused when
ar iscompressed againg air.

'? Large Viscosity Change
Adhesives are extremdy

sengtive to heat. H gure #3 20 25 30 35 40 45 50
shows the viscosity (the

resistance to flow) over atemperature range. Thisis not linear, and it varies greatly around room
temperature. Random temperature variations around room temperatures dter the flow dynamics
of the adhesives dramatically. One way to lessen these effectsis through intentionaly heeting the
adhesive into aflatter part of the curve. Thisis the reason for temperature control (heaters and
coolers) in digpensing machines. Adhesives are cured by heating and have atrigger point which
is the point where the hardener starts to react with the polymer and starts the process of
crosdinking. Unfortunately once started this process continues until the adhesive isfully cured.
This can occur as low as 40C in some adhesives.

Viscosity in Kcps
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Ingpection. To overcome these chdlenges of dot consstency inspection of the dot is normaly
required. These ingpection systems work by etting the line operators know when the dots
ingpected with the cameravison system fal out of an acceptable range of diameters. Theline
operator or the machine will have to make necessary adjustments by either changing the time
pulse or increasing the air pressure. These changes can happen severa times over one syringe.

Archimedes
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Archimedes Adhesive's
Screw Path

Archimedes metering valves utilize a screw to turn material down a cylinder. The rotation of the
screw creates a shearing force on the material which forces the material down the threads of the
screw. Congtant air pressure is gpplied to a syringe which forces materia down ameateria feed
tube. The materid isintroduced to the screw which turns for a set length of time or rotationa
distance. Asthe materia reaches the needle hub it encounters a resistance to flow due the
redtriction in areaat the needle shaft. The screw will continue to turn cresting a needle pressure
which is high enough to force materid through the needle. Any arearedtriction such asthe
needle at the output of the auger will create back flow. The amount of back flow is
proportiond to the pressure drop from the needle hub to the syringe. The flow out the needleis
equd to the pump shear flow minus the back flow. If the needle requires a higher pressure to
flow than the screw can ddliver then back pressure is created and materia will not flow out the
needle. This phenomena can be characterized with materia flow rates which are dependent on
needle ID and screw characterigtics. One of the biggest misconceptions about the Archimedes
metering valvesisthat it is a pogtive disolacement pump. While very effective and amgor
improvement over time pressure technology output is directly effected by viscosty. Positive
displacement directly indicates that a set mechanicd movement relaesto a set volumethis
mechanica movement is not viscosity dependent.

Figure #3 shows the resistance (viscosity) to the flow as afunction of temperature for standard
surface mount adhesives. Temperature variations within a manufacturing environment can result



in mgor differencesin dispensng results due to changes in an adhesives viscosty. There are
aso big differences in materid viscosity's between different lots of materiads and vendors.

Flexibility and control. The Archimedes pump has alarger range of dot sizes and marked
improved control over the time pressure dispensars. It is dso software controlled making the
setup and adjustment of the pump excellent. The software setup advantage has helped this
technology carve out a defined presence in dispensing today.

Piston Positive Displacement Valves
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ADJUSTS PISTON STROKE Principle of Operation : The Positive Displacement Piston Pump uses

an air cylinder on the upper half to drive a piston up and down. There

isacollar on top of the air cylinder to stop the piston at a set lowest

| point in the Z axis controlling the stroke. The piston retracts to FILL

AIRVALVE .= — the cylinder. Then the piston_drives down through the point V\_/here it
B SEALS off any leakage back into the feed tube. The next step is to

1 push the solder paste through the cylinder. This displacement is
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on the piston edge

PISTON

FILL SEAL DISPENSE

The Piston Pogitive Displacement Vaues are widdy available. It is anadogous to a pison
cylinder combination in acar engine. Thereisabore and stroke. The combination yield a
specific volume displacement of pr?h wherer is the radius or bore and h is the height or stroke.
Figure # 3 shows the viscosity changes as a function of temperature. Over this same range the
volume or dengty does not change a dl. Thus because Postive displacement directly indicates
that a set mechanica movement relates to a set volume this pump typeis a Postive
Digplacement Pump.

In this pump, shown in figure# 6 and 7 the volume is set mechanicdly. Both Time Pressure and
Archimedes are software delectable. This can be a positive or a negative. When the piston
pump is set to the desired dot volume it will run over awide temperature range and long
production times with no adjustments. This is a process engineering advantage because the
process in the mogt stable. The piston pump is closer to fix tooling than the Archimedes or Time
Pressure systems more gppropriate for high volume usage. Through the use of severd pumps
fast gpeeds and consistent output can easily be achieved. The pump operations takes about 3
msec to dispense alarge or asmal dot. The air valve has a diameter of about 750 mils and the
force gpplied on the piston 40 mil is huge compared to the res stance of the materid. The result
isthat high and low viscosity materids dispense a the same speed, consstently.



Dot congstency. Because this pump is a true positive displacement pump it isthe most accurate.
This can be gatigticaly proven and becomes increasingly obvious over time with large viscosity
shifts caused by temperature, age and differing materids.

Why Dual Dots

From time to time the question comes up about why dud dots are sometimes used and
sometimes not. The reasons are very logica but rarely

stated. Adhesive adheresto asurfacein away tha is (‘i‘é%%) [-] .
directly proportiond to its area. The amount of adhesive 0603 [

one can put under a component with asingle dot is (1608)
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increases because of the increase in mass. However the

gpace under the component in limited. The relationship

between mass and areais shown in figure #9. The Dual Dot Advantage
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Ratio of Force to Area

the green or cured strength balance depends on the
gpecific adhesive and the G forces of the chip shooter. Generdly speaking the rdative
relationships stay the same but the absolute values can vary fairly widdly.

Conclusons

While dispensing is often overlooked as a process, it is a process where information can lead to
magor improvementsin yied and ease of use. The above information will give the reeder a
flavor asto why certain technologies behave in certain ways. The idea Studtion isto use the
technology most suited to the application requirements of the specific Situation. In practice many
gteswill struggle with methods that are not well suited for the requirements a hand. It is hoped
that the Process Engineer will benefit from the materia presented here. Additiond information is
availablein the form of awhite paper on the technology.



