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Abstract

This paper presents the results of continuous improvement from: Designed Experiments, Viscosity
measurements, Statistical Process Control, documented operating procedures, , and operator training &
certification; on the automated epoxy dispense process. This capability enables the company; M/A-COM, to
produce the first volume low cost 28 Ghz Commercial Millimeter Wave Multi Chip Module Receiver.

The Millimeter Wave Multi Chip Module Receiver uses GaAs Phempts measuring 12 by 10 mil length
and width by 5 mil thick. This small discrete device required the development of a process for a ten mil
diameter silver paste epoxy dot: repeatable, in production, and in volume. Statistically Designed Experiment
were used to identify and set the most important process parameters. Viscosity measurements were made which
characterized the silver filled epoxy paste. The ASTM methods for measuring viscosity of adhesives were
modified to identify the material’s sensitivity to shear. A unique Statistical Process Control method was
implemented to establish process control over a material which has proven to change flow behavior during
processing through an auger type positive displacement pump. The key to the success of this project has been

the properly train operators.
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Introduction

The manufacturing requirements for
microwave and millimeter wave microelectronics
assembly demand high precision tolerances. This
paper is focused on the results of continuous
improvement on producing a repeatable small dot
of silver filled epoxy in a production environment.

Background

Previous work has been reported on the
process capability on the Micro Robotics System
Inc. MRSI-170 automated epoxy dispenser.[1] The
report identified some of the critical parameter
settings on the mentioned equipment in order to
produce a 10.5 mil dot with a Cpk of 1.2:

1) The Gap between the needle and the substrate
kept at 1 mil +/- .3 mil

2) The dwell time allowed for the epoxy to attach
to the substrate from the needle is .1 to .15
seconds. 3) The epoxy dot diameter and the
standard deviation both get larger as the time
between dots gets longer.

4) The auger on the positive displacement pump is
operated in less than the 20% range of its RPM
capability (see Figure 1).

5) The pump is pulsed typically for .05 seconds per
dot.

The report demonstrated how sensitive this
process can be with changing pressures behind the
needle. Basically changing the pressure (or altering
the time the pump primes) will change the average
dot diameter and the standard deviation. Pressure
changes behind the needle are seen in production
when:

1) The machine sits idle between production
batches;

2) While the machine does vision processing and
height sensing between parts;

3) Time exceeds 0.6 seconds per dot; or greater
than 150 mil pitch.

One conclusion from this work is when a
relatively high pressure is maintained behind the
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needle; the process will still produce an acceptable
dot diameter standard deviation with relatively
small changes in pressure. This conclusion led to
the following epoxy program guidelines for
products requiring 10 mil dots for small
components:

1) A set of primer dots will be dispensed prior to
the required epoxy dots.2) No program will exceed
0.6 seconds per an epoxy dot dispensed.

Process Design of Primer Dots using DOE

Problem StatementA set of primer dots must be
defined to stabilize the 10 mil dot dispensing
process.

Objective

Define the least amount of primer dots
required without exceeding the 10.5 mil dot
diameter average and the 0.8 mil standard
deviation.

Definitions:
Gap - The distance between the needle and the
substrate.

Motor Time - how long motor is on per dot.

Dwell Time - how long the needle stays at gap
position after motor time expires.

Pitch - distance between dots

Flow Control - the amount of volts supplied to the
motor to control RPMs

Primer Dots - dots used to build pressure in needle

Total Prime Time - the cumulative time the motor
is on while dispensing primer dots

Motor Prime Time - how long motor is on per
primer dot.

Factors N Range |Optimal
Value

Dwell Time(100 dots) 0.15 |0.15

Gap(100 dots) 1 1

Motor Time(100 dots) 0.05 10.05

Flow Control(all) 4.0 4.0

Pitch (0.65 sec) (100 dots) |150 <30

No. of Primer Dots 4t010 |10

Total Prime Motor Time |1 TO 8

—

Motor Time(Primer Dots) |.1to2 |.1

Responses

Average DIA(100 dots) 10.0
Diameter STDEV(100 1.1
dots)

Table 1

Design Matrix

The following is the design matrix used in
this experiment. The data represents the statistics
per 100 dots dispensed.

Total |Dot # Dia Dia [Miss
Motor |Motor |Primer |AVE |STD [Dots
Time |Time |Dots [(100 |(100 |per
dots) |dots) {100

1.00] 0.25 4] 9.52| 1.38
8.00 2 4| 14.87) 0.1
4.50] 0.643 7] 11.01] 1.55
4.50] 0.643 7\ 13.12] 0.82

4.50] 0.643 7] 13.25] 1.02

1.00 0.1 10| 8.22] 1.55

8.00 0.8 10] 12.2| 1.41

1.00 0.1 10| 9.96] 0.07

8.00 0.8 10| 11.78] 1.35

4.50] 1.125 4| 13.36] 2.66
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4.50] 1.125 4| 11.25] 3.51
1.00 0.25 4| 10.13] 3.23
1.00] 0.25 4| 10.76] 1.17
8.00 2 4| 14.83] 4.32
8.00 2 4| 16.62] 2.08
8.00] 1.143 70 139] 1.7
8.00] 1.143 7| 13.48] 1.37
8.00] 1.143 7| 14.21] 1.17
8.00] 1.143 7| 14.33] 0.93
1.00] 0.143 7] 10.01] 3.91
1.00| 0.143 7] 10.5{ 4.01
5.00 0.5 10| 12.19] 1.28
5.00 0.5 10| 11.89] 1.03




