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Abstract

Technology requirements within the electronics industry are rapidly driving the miniaturization of and increasing component
densities on the printed circuit board. As a result, assembly equipment must offer increased accuracy capabilities while
delivering both the required high yield and high throughput capabilities.

Typically, dispensing platforms only specify XY repeatability and/or dot placement accuracy, expressed as a sigma value.
These specifications do not include the error associated with positional mechanisms, which greatly contribute to final
accuracy and repeatability. Many factors influence positional accuracy, including the XY gantry, camera calibration,
fiducial teaching errors and camera-to-needle offset calculations.

To determine the true machine capability, including positional accuracy and express it as a Cpk value, a new test method
must be developed to take into consideration all influencing factors. Call it “Total System Accuracy™.” By calculating the
“Total System Accuracy” of a dispensing platform, including material placement accuracy on a substrate relative to a defined
target, it is possible to determine the true platform capability and provide a better understanding of how the product will work
for various applications.

Introduction & History

In the early days of dispensing, much assembly equipment was neither as accurate nor precise as today's technology. This
was acceptable because early dispensing tasks were neither rigorous nor demanding. The processes being automated were
relatively easy — such as latex solder masks, inks and gasketing materials. Most of these processes were “taught” to the
machine by the operator tracing the desired path and which was subsequently stored for replay. A successful process relied
on accurate fixturing and pattern replay repeatability.

Gantry Accuracy

When SMT exploded in the early 1990°s, machine accuracy started to become important. Users wanted to dispense small

quantities of surface mount adhesive between pads to bond passives and SOIC’s to the board. A trend toward data-driven

dispensing vs. “taught” patterns began to emerge and accuracy of the system became more important. Equipment suppliers

began to express their capability in varying ways, and in some cases accuracy was stated as “plus or minus” some value:
+.005 inches

When reviewing accuracy data, it is important to know how the data was collected. One method of determining a gantry’s
capability is to measure each axis independently with some external means of validation. Long travel indicators and laser
interferometers are good methods. A less desirable method is use of the machine’s own feedback mechanism. From these
tests, a table can be plotted showing the desired vs. actual positions —for a sense of the system’s ability to go to a commanded
position. As long as all the measured positions fell within the limits, the gantry was considered good. Results might look
like this:
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Plus-minus results
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Figure 1 - Typical plus-minus results.

This result passes the plus-minus requirement, but the trend is disturbing. Only two measurements are ‘dead on’ and the data
is spread over a large area. This method fails to provide a clear, overall trend view. Therefore, Statistical Process Control is
necessary to fully understand the capability of a gantry and its accuracy.

Introduction to SPC.
While this paper is not intended to teach SPC, a quick review of background and definitions involved in SPC will assist in the
understanding of how the use of SPC methods can simplify the understanding of machine capability.

Definitions of Terms

Standard deviation or sigma:

This is the hardest term to understand. Loosely stated it is “the mean of the mean”. The standard deviation is a statistic that
tells you how tightly all the various examples are clustered around the mean in a set of data. When the examples are pretty
tightly bunched together and the bell-shaped curve is steep, the standard deviation is small. When the examples are spread
apart and the bell curve is relatively flat, that tells you have a relatively large standard deviation.")

It is sometime expressed with the Greek letter G.
Cp: This is a good expression of process capability. Specifically it is the desired range of variation divided by the spread.

Upper spec limit-Lower spec limit
+30
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It is generally understood that values less than 1.0 are not in control. Anything greater than 1.0 is desirable.
CpK: This is an expression of process capability with respect to a target. The lesser of:

Average-LSL, USL-Average
30 30

Spec limits: These are values, determined by the user, to define the boundaries of the process. If unstated, it is generally
understood that they are equal to the 36 goal. Experienced professionals will quickly notice that this leaves no room for
targeting error and forces a Cp of greater than 1.0 to achieve a CpK equal to 1.0.

When re-evaluating the data used in the plus minus example, one standard deviation of the data used is equal to .0022.
Multiplied by 3 results in 3 standard deviations or 36. Simply put, the data that appears to fit within +. 005 is:

+. 0066@30.
Cp=(USL-LSL)/66=.010/.0132=.76
CpK=min of: (.005-.0001)/36=.74,(-.0001-.005)/ 36=.74

Plus-minus results
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Figure 2

The same chart as figure 1, includes a bell curve showing the distribution. One can conclude that the axis measured on the
system measured is not in control.

Placement Accuracy.

In the previous example, the data was taken directly from a gantry axis. To better evaluate a systems capability one would
use an Optical Inspection machine, such as the Avant Supra, made by Optical Gaging Products, Inc. in Rochester, NY, or the
View Summit, made by View Engineering of Simi Valley Calif., to measure the actual X and Y location of the dispensed
dots or lines of liquid. This method more accurately measures a systems performance as it includes all the aspects of the
system in the evaluation, and not just the motion of the gantry. The output of the measuring machine is a list of X and Y
coordinates for the dispensed dots or lines. The more sophisticated systems include an SPC software package that will
calculate the process capability.

Error Mechanisms
There are a number of mechanisms in a dispensing system that can contribute to placement errors. Some are:
1. Gantry capability. The ability of the axis or axes of a gantry to achieve an accurate position. Contributing factors
are:
a. Foundation: A stiff, well-damped support system is needed to ensure that the gantry has a solid base.
b. Moving parts: Need to be equally light and stiff for maximum acceleration and minimal deflection under
load.
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Bearings: Conservatively rated, low friction, high stiffness bearing ways are required..

d. Drive motors: Should be closely and stiffly coupled to the load to ensure sufficient motion capability and
swift settling.

e. Feedback: High-resolution linear feedbacks tightly coupled to the moving carriages.

Compact design: The closer that the bearings and feedback device are to the work plane the less Abbe’

error is introduced.

g. Motors and controls: Must provide swift motion and crisp positioning with minimal overshoot and steady

state error.

=

2. Vision and alignment.

a. Camera scale factor: This conversion factor, usually expressed in mm/pixel, is crucial for accurate
calculation of feature position. For example, the difference between .0356mm/pixel and .0354mm/pixel
appears small, yet when examining a feature that is 400 pixels wide the reported size of that feature varies
by .080mm!!

b. Errors in reported position during feature find/measure: A stable platform and high resolution and high
speed feedback is critical. If a fiducial or an edge is found, but reported to be in a different position due to
instability of the gantry, then all subsequent data derived from that position report is in error. This can lead
to substantial scaling and rotation errors of a dispensed pattern.

c. Camera to needle calibration offset errors-Typical camera-to-needle calibration procedures use multiple
processes. For example, when a dot is dispensed on to a surface, and the camera is moved to that position,
an image of the dispensed dot is acquired. The image is analyzed by the system to determine where the dot
is in the field of view. The position is reported in pixels, which are then converted to millimeters using the
camera scale factor. One can see that any camera scale and positional errors during this calibration can be
additive.

3. Actual liquid placement errors

a. Needle shape and cleanliness: Any variation in how the liquid leaves the orifice/needle will show up as
placement error. To minimize this, needles of obvious high quality must be used. Also, exceptional
accuracy and repeatability of the Z axis is required to ensure that the needle/orifice is always at the correct
height. If the needle/orifice are contaminated this will allow a variation in dot placement, the amount of
offset is a factor of three things:- amount of contamination, distance of the material release point to the
substrate and material dispense speed or velocity- non contact/jetting methods tend to suffer more due to
the nature of ballistic technology.

Total System Accuracy: A New — and the Better — Way To Test

Overcoming the shortcoming and concerns described to this point requires a new testing means that truly evaluates a system
— the aforementioned “Total System Accuracy.” This new test uses a stable substrate with well-defined fiducial features
etched onto the surface. The substrate is optical quality float glass, given its high clarity and thermal stability, and measures
240mm wide and 330mm long. Black fiducials, 1.5mm in diameter are etched in each of the four corners. Their positions
relative to each another are known and are verified by the optical inspection system.

The glass is loaded into the system, lifted and clamped in the same manner as a printed wiring board. A pump suitable for
dispensing dots of adhesive is mounted and the usual calibration routines are carried out. The fiducials are taught to the
system and their precise distance is entered into the pattern. A uniform grid of dispensed dots 8 rows high by 9 columns wide
is then programmed relative to the lower fiducials, where the lower left fiducial is the anchor point and the lower right
fiducial angularly aligns the pattern. Dot characteristics (lift height, size, dwells etc are typical for high speed dispensing. To
ensure that the results would be the same in an actual production environment, there is no extraordinary programming that
wouldn’t otherwise be in a typical pattern. An SMT adhesive is used, as they generally have high thixotropic and adhesive
properties — meaning that the dots will retain their shape and position on the glass during the measuring process.
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Figure 3 - Dispense Test Substrate

After the pattern is dispensed on to the glass substrate, it is placed onto the measuring system. The measuring system locates
the fiducials and measures the adhesive dots in relation to them. Below is an example of results from this type of test and
measurement.

Interpreting results

The “Total System Accuracy” test method makes the diagnosis of errors much easier. Some examples:

Low Cp and low CpK. This is the worst condition. The machine can neither dispense repeatably nor on target. Causes for
these kinds of results are typically: (See Figure 4.)

Flimsy gantry

Dispense technology used

Poor settling

Poor board clamping

Poor camera to needle offset calibration
Poor fiducial finding techniques or models
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Figure 4

High Cp or low standard deviation value and Low CpK value
e  Poor camera to needle calibration
e  Poor fiducial alignment

These conditions lead to a well-grouped pattern that is not well targeted. While some of the system is working well, those
parts of the system that affect targeting need improvement. (See Figure 5.)
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Cp = Cpk. A system that is not repeatable, but is well targeted. (See Figure 6.)
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Hi Cp and Cpk. Obviously, the most desirable outcome. The system is both highly repeatable and well targeted. (See Figure
7.)
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Figure 7

More analysis of this desirable condition:

Table 1
X axis Y axis
-0.0146 0.0041 Mean 0.0508 |[USL
0.0080 0.0078 1 std dev -0.0508 |LSL
2.1 2.2 Cp
1.5 2.0 CpK

Units:mm
Figure 7 shows that we have well defined cluster (Cp) that is pretty well (but not ideally) targeted. (CpK)

Table 1 indicates this to us because the CpK value is less than the Cp value of X-axis. The X-axis Cp values indicate that we
are capable of being accurate. The Cp and CpK for the Y-axis indicate we are well in control and, in fact, are capable of 6
sigma reliability. The histograms in figure 8 show the individual distribution for each axis. Note that the bell curves are
steep and narrow. This is a good visual indicator of the performance of the axis.

Why is Cp and Cpk so important?

To illustrate how the Cp and Cpk can be used to indicate how well the equipment can accomplish the task, let’s examine a
typical high accuracy dispensing task. In many high density applications, there is little room between a flip chip die and
nearby passive components. The dispensing challenge is to get a needle or a stream of underfill material in this gap without
touching the die as touching the die will lead to top die contamination. If the gap is .5mm wide, and the needle is .25mm in
diameter, .25mm of total clearance remains before the needle hits. This .25mm (or +/-.125mm) becomes the spec limits for
the process. Any deviation greater than this will result in the needle or stream striking the die or contaminating nearby
components. The Cp number will indicate, given a target location, how much repeatability can be expected. The Cpk
number includes this repeatability and adds in the targeting errors. It is the only true representation of the capability of the
system.
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Figure 8 - X and Y axis Histograms
Conclusions

There are a number of mechanisms that can contribute to liquid placement inaccuracies. A new testing method — Total
System Accuracy -- can be used to determine which combination(s) of mechanisms exist in a platform. Platforms and gantry
systems that are conservatively designed with massive supporting structures, stiff bearing systems, and high-resolution linear
feedback devices achieve higher stiffness and response. This results in placement errors that are small and tightly grouped.
Well-designed and implemented vision systems and flexible algorithms provide high quality position information to the
controller that results in high targeting accuracy. This is true whether you are dispensing dots of adhesives relative to fiducial
marks or Lines of underfill relative to die edges.

Assembly equipment users need not to purchase and implement the equipment and methods described in this article — rather
it is advised that users check to ensure that their equipment providers have such equipment and methodology in place.

Additionally, there are reputable third-party validation services that can provide the same level of information."

References

fhttp://www.robertniles.com/
"' Cetag-americas.com

S21-01-9



	Table of Contents
	Home


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


