AD-A256 966
WL-TR-92-8024 MR

ELECTRONIC MANUFACTURING PROCESS
IMPROVEMENT (EMPI) FOR PRINTED WIRING
ASSEMBLIES

Program Task 2 Project Description Report

P. Crepeau, P. Glaser, T. Neillo, J. Murray

TRW Military Electronics and Avionics Division
One Rancho Carmel
San Diego, CA 92198

April 1992

Final Report for Period August 1990 - January 1991

Approved for Public Release; Distribution is Unlimited

Manufacturing Technology Directorate

Wright Laboratory

Air Force Systems Command

Wright-Patterson Air Force Base, Ohio 45433-6533

Y7073

g2-27 643,90
A A il e




NOTICE

When Government drawings, specifications, or other data are used for any purpose other
than in connection with a definitely related Government procurement operation, the United
States Government thereby incurs no responsibility nor any obligation whatsoever; and the
fact that the government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation, or conveying any
rights or permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

This report has been reviewed by the Office of Public Affairs (ASD/PA) and is releasable
to the National Technical Information Service (NTIS). At NTIS, it will be available to the
general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

%,/’Z/u;%( Lio S ¥ Qe

72
ROBERT CROSS DATE
Project Manager
p - . .
‘t\'ﬁ-ﬂ;(l/._"/ e L L /4 Feb T
DAVID McLAINE, Chief DATE

Components Fabrication & Assembly Branch
Manufacturing Technology Directorate

“If your address has changed, if you wish to be removed from our mailing list, or if the
addressee is no longer employed by your organization please notify WL/MTEC, W-PAFB,
OH 45433-6533 to help us maintain a current mailing list.”

Copies of this report should not be returned unless return is required by security
considerations, contractual obligations, or notice on a specific document.




THIS DOCUMENT IS

QUALITY AVAILABLE. T

BEST
COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO
REPRODUCE LEGIBLY.

NOT




Report Documentation Page Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for
reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and
reviewing the collection of information. Send commends regarding this burden estimate or any other aspect of this collection
of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for
information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the
Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
April 1892 Final: August 1990 - January 1991
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Electronic Manufacturing Process Improvement (EMPI) for Printed Wiring Assemblies; | C-F33615-90-C-5006
Program Task 2 Project Description Report

PE-77011F
6. AUTHOR(S) PR-3095
P. Crepeau, P. Glaser, T. Naillo, J. Murray TA04
WU-13
7. PERFORMING ORGNAIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
TRW Military Electronics and Avionics Division

One Rancho Carmel
San Diego, CA 92198

9. SPONSORING MONITORING AGENCY NAME(S) AND ADDRESS(ES) | 10. SPONSORING/MONITORING

AGENCY REP NUMBER
Robert Cross (513) 255-2461

Manutfacturing Technology Directorate (WL/MTEC) WL-TR-92-8024
Wright Laboratory

Wright-Patterson AFB, OH 45433-6533
11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public Release; Distribution is unlimited

13. ABSTRACT

This Task 2 Technical Operating Report describes, in detail, the specific experiments that will be conducted under this contract on
the integrated manufacturing process for surface mount technology (SMT) printed wiring assemblies (PWAs) at TRW MEAD. This detail
includes: 1) The investigative methods used to design the experiments such as full- and fractional factorial techniques; 2) The pnnted wring
board (PWB) design, the component selection and layout, the defect data to be collected, and the inspection criteria used to collect the
defect data; and 3) The applicable control limits and the tolerance budgets related to the integrated SMT PWA process flow.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Printed Wiring Assemblies (PWAs), Electronic Manufacturing Process Improvement (EMPI), Surtace 278
Mount Technology (SMT, Printed Wiring Board (PWB), Fine Pitched Device (FPD), Tinning.

16. PRICE CODE

17. SECURITY CLASSIFICATION ] 18. SECURITY CLASS | 19. SECURITY CLASS |[20. LIMITATION
OF REPORT OF THIS PAGE. OF ABSTRACT ABSTRACT

Unclassified Unclassified Unclassified SAR

Standard Form 298 (Rev 2-89)
Prescribed by ANSI Std Z239-18
298-102




Table of Contents

INTRODUCTION

1.

OVERALL OBJECTIVES AND GOALS

2. PRINTED WIRING ASSEMBLY DESIGN

2.1
2.2

W
o o

4.1
.2
.3
.4
.5
.6
.7
DIX

Z2hpbbapp

APPE

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

QN WN =

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

CoONOTKTLEWN =

EMPI Printed Wiring Board
Component Selection

DESIGN OF EXPERIMENTS
DESCRIPTION OF EXPERIMENTS

Subtask 1,
Subtask 2,
Subtask 3,
Subtask 3,
Subtask 4,
Subtask 5,
Subtask 5,

Infrared Reflow

Fine Pitch Device Lead Tinning
Experiment 1, Component Standoff
Experiment 2, PWA Cleaning

Fine Pitch Device Lead Forming
Experiment 1, Solder Paste Deposit
Experiment 2, Component Placement

List of Figures

EMPI Process Flow Diagram

IR Reflow Cause and Effect Diagram

FPD Component Tinning Cause and Effect Diagram
Component Standoff Cause and Effect Diagram
PWA Cleaning Cause and Effect Diagram

FPD Lead Forming Cause and Effect Diagram
Solder Paste Deposit Cause and Effect Diagram
Component Placement Cause and Effect Diagram

List of Tables

Inventory of Parts

IR Reflow Process Variable Details

IR Reflow Response Variable Details

IR Reflow Experimental 'Recipe’
FPD Tinning Process Variable Details
FPD Tinning Response Variable Details

FPD Tinning Experimental ‘'Recipe’
Component Standoff Process Variable Details
Component Standoff Response Variable Details
Component Standoff Experimental 'Recipe’

PWA Cleaning Process Variable Details

PWA Cleaning Response Variable Details

PWA Cleaning Experimental 'Recipe’

FPD Lead Forming Process Variable Details

FPD Lead Forming Response Variable Details
FPD Lead Forming Experimental ‘'Recipe’

Solder Paste Deposit Process Variable Details
Solder Paste Deposit Response Variable Details
Solder Paste Deposit Experimental "Recipe"
Component Placement Process Variable Details
Component Placement Response Variable Details
Component Placement Experimental 'Recipe’

111 SLZDY

24| Accacet -

NIT3 (&-ai }~
DPIC %4
U sid oty
Dwbdlientton ]

:i) N
-




INTRODUCTION

The Task 2 Technical Operating Report details, the specific experiments
that will be conducted under this contract on the integrated manufacturing
process for surface mount technology (SMT) printed wiring assemblies (PWAs) at
TRW MEAD. This detail includes: (1? The investigative methods used to design
the experiments such as full- and fractional factorial techniques; (2) The
printed wiring board (PWB) design, the component selection and layout, the
defect data to be collected, and the inspection criteria used to collect the
defect data; and (3) The applicable control limits and the tolerance budgets
related to the integrated SMT PWA process flow.

1. OVERALL OBJECTIVES AND GOALS

TRW's goal in performing the Electronic Manufacturing Process Improvement
(EMPI) project is to identify, quantify (through process capability indices),
and improve aspects of process control used in the surface mount printed
wiring assembly flow. The resulting benefits of these improvements in the
process will be identified and quantified to allow transition of the process
improvement technology to others in the industry.

Covered by this study are five subtasks: (1) infrared reflow of PWAs; (2)
fine pitch device (FPD) lead tinning; (3) cleaning (which includes a component
standoff experiment and a solvent cleaning experiment); (4) FPD lead forming;
and (5) placement (which includes a solder paste placement experiment and
component placement experiment.

This project concerns all of the potentially significant variables that
are controlled and determined outside of the workstation in which the specific
experiment is being run (interstation variables). These include the results of
any external process equipment variables or manually controlled variables that
are impossible to monitor or control at the workstation being used in the
specific experiment, yet still contribute directly to that workstation's
yleld. An example of an interstation variable would be the PWB thickness,
which is controlled by the PWB fabricator, according to TRW MEAD drawing
requirements, and influences the reflow process yield by introducing
variations in the heat required to reflow the PWA due to varying PWB mass.

Initial work has started on developing a cost model that will quantify
the benefits attributable to the implementation of the process improvements
uncovered as a result of the efforts sponsored by this EMPI program. Although
the activity has not been completed, worksheets have been developed and are
included as a part of the appendix to this report.

Detailed documentation for the PWB design, the component selection and
layout, the five subtask experiments, the product assurance plan, and the data
analysis methodology is presented in the appendix to this report.

2. PRINTED WIRING ASSEMBLY DESIGN

The PWB design that was used to run the process capability studies and
gather data for the baseline experiments (see Report No. TOR 56310-1) was
fntended to be used primarily to collect data for solder joint reliability
studies. Consequently, large (84-pin) leadless ceramic chip carrier packages
that were expected to fail were intentionally included in the component mix




so that useful solder joint failure data could be gathered. Also included in
the design were two layers of copper-Invar-copper foil that were required to
control the coefficient of expansion of PWB and enhance the reliability of
solder joints between the PWB and the leadless ceramic chip carriers. Since
these characteristics are not appropriate for this EMPI study for technical
and cost reasons, a specific design was developed.

2.1 EMPI Printed Wiring Board

A Standard Electronic Module (SEM), Format E size was selected for this
EMPI study. This format, approximately 5.6-in by 5.2-in, has become a standard
for electronic modules under development forzAir Force integrated avionics
applications. Polyimide-glass with 1/2-0z/ft° copper outer layers and two
inner layers of 2-0z/ft2 copper were used in the construction of the PWB. The
mass of copper selected simulates the thermal characteristics of copper-Invar-
copper without imposing the heavy cost penalty associated with it.

The footprint patterns used for the several components associated with
this design were taken from TRW MEAD's design standards. Vias and power/ground
layer clearances were provided for all component signal pins, however no
circuit interconnections were provided for any of the signals. These
interconnections are not considered to be relevant to any of the studies being
performed. Connections are made, however between the power and ground pins of
all of the components and their respective power and ground planes internal to
the PWB. These connections are considered significant in those experiments
where heat is applied to form solder joints. The connection between the power
and ground pins and the internal layers create a significant heat sink that
can affect the solder joints formed at these locations differently than those
formed at signal pins.

PWB thickness is a process variable being examined to determine its
affect on solder joint formation and component placement characteristics. The
PWB design documentation specifies that a group of PWBs be fabricated within
very close tolerances (+/- 1-mi1) to both the top (68-mil1) and bottom (58-mil)
range of thickness. Although initially considered by the PWB fabricator as a
requirement that could be reasonably met, it was found to be a very expensive
requirement for the fabricator.

Another process variable being examined is the affect of feature
"stretch" or "shrinkage" on solder paste placement accuracy and component
placement accuracy. The PWB design documentation specifies that a second
component layer artwork be created that is “stretched” so that the dimension
between the fiducials on the outer layer be 3 mils greater than the ‘'correct'
design. This artwork is used to fabricate sets of 'stretched' PWBs.

Another process variable being examined is the style of solderable finish
on the PWB. One common finish {s accomplished by dipping the PWB in molten
solder and blowing off the excess solder with hot air. A second finish uses
the more conventional tin-lead plate and fuse technology. Thus the PWB design
documentation requires that groups of PWBs be fabricated using each of these
finishes.

Process capability studies performed prior to this EMPI program
determined that component standoffs could not applied to PWBs in the 4- to 6-
mi1 range, repeatedly. It was also determined that dry film solder mask could




be applied to perform this 'component standoff' function. As a result, the PWB
documentation includes a requirement to provide artwork for solder mask
standoffs for leadless ceramic chip carrier components.

The PWB fabrication documentation is presented in the appendix to this
report.,

2.2 Component Selection

The selection and placement of components on the PWB was made after first
considering the different types of components that would be expected on a
'typical' TRW MEAD avionics SEM E design. Their locations on the PWB were
based on those locatfons most beneficial for gathering experimental data for
this EMPI program. Table 1 presents a parts 1ist and quantity of parts that
are required to support this program.

It was less expensive, and the lead time was shorter, to order the LCCs
and the 132-pin FPDs without the 11ds that cover the die cavity. These lids
were attached at TRW MEAD in the hybrid lab after the parts were received. The
LCC parts were received with a gold finish on their terminations, and they are

being solder dipped to MIL-STD-2000 requirements by an outside contract
service.

The chip capacitors and resistors were received in trays but are required
to be in reel format to use on the robotic parts placement workstation. These
parts have been put into the reeled format by an outside contract service.

Table 1

Inventory of Parts

Part Number Quantity Description

M55342K06B110ER 5267 M55342 chip resistor
CDR0O2BX103BKU 5821 CDRO2 chip capacitor

49BCP 832 CWR06 chip capacitor

PB-C85243 2495 20-pin ceramic chip carrier
PB-44823 1386 28-pin ceramic chip carrier
TRK32F1-2008 1109 32-pin ceramic chip carrier
70-02 192 132-pin FPD (Diacon)
IMKX3F1-4546AA 192* 132-pin FPD (NTK)

PB-F86259 192 132-pin FPD (Kyocera)

786582/A 32 PWB, hot air leveled, no stretch
786582/8 32 PWB, hot air leveled, stretched
786582/C 35 PWB, fused, no stretch

786582/D 35 PWB, fused, stretched

786582/E 8 PWB, fused, no stretch, thick
786582/F 8 PwWB, fused, no stretch, thin
RHF63 7 solder paste, Metech
SN62RMI2A390 11 solder paste, Multicore

* not received as of the date of this report

The detailed component descriptions can be found in the appendix to this
report.




3. DESIGN OF EXPERIMENTS

The goal of this EMPI for Printed Wiring Assemblies Program is to
understand and quantify the process variables that have significant affects on
process responses that are critical to the manufacture of military avionics
printed wiring assemblies. The measures of this are the process capability
indices known as Cp and Cpk. Experiments are designed around the PWB assembly
processes in order to arrive at values for these process capability indices.
This experimental design process methodology consists of five basic steps,
four of which are repeated for each process examined. For this program there
are five subtasks that involve a total of seven experiments each requiring the
application the the DOE methodology.

The first step is to identify the process flow to be studied. This was
done as part of the Task 1, Baseline phase of this program and is presented
here as Figure 1. The workcells identified in Figure 1 are the "core" of the
PWB assembly process.

The second step in the process identifies critical process responses, or
outputs, and all suspected process variables or inputs that influence the
responses. This has been accomplished at a brainstorming session attended by
process and manufacturing engineers and technicians that are familiar with the
assembly process and equipment. The output of this step is a "Cause and
Effect" diagram for each experiment that is the foundation of the design for
that experiment. These "Cause and Effect” diagrams are presented in the
sections describing the individual experimental designs.

SUBTASK 1
Stencil print Component standoff Component
[Bare PWB prep|—t_ 13 naste I T|application place
Leadless component
Solder paste prep
preparation
Lewded component Fcadedconuxnunu
form tin
SUBTASK 2 SUBTASK 3
Post solder | (Clean} [Reflow|
assembly SUBTASK 5 SUBTASK 4

Figure 1 EMPI Process Flow Diagram




The third step in the process quantifies the process variables and responses and
establishes the measurement methods used to collect the data from the experiment. The
values of the responses have been taken, for the most part, from a frequently imposed
contractual requirement document such as MIL-STD-2000 or an internally generated
requirement such as a material or process specification or workmanship standard. This
process is usually involved and subjected to revision or reiteration if the specification is a
part of a system where the goal is to share a tolerance budget equally among several
processes. During this step of ihe process, measurement techniques used to collect data are
identified and developed. The goal is to maintain an order of magnitude margin between
the data values and the measurement precision. For example, if a response is expected to
have a measured value of four mils, the precision of the measurement needs to be at least
0.4 mils. This goal may not be achievable in all instances. An example is where there is
property such as roughness is compared against a visual standard and ranked from one to
five. Once an experiment has been finalized and started, no changes should be
incorporated.

The fourth step in the process establishes the relationships between the process
variables and responses for each experiment to be performed. This is an important step in
the experimental design process and identifies the contents of each experiment. This
relationship is determined by establishing a process variable/results matrix table with the
response listed in an outer column and the process variables listed along the top row. It is
at this point that the selection of the type of experiment matrix is made. Where three or
fewer process variables are being examined, the selection of a full factorial design is
warranted, because the number of experimental runs per design is not prohibitive. Where
more than three, but less than seven process variables have been chosen, a fractional
factorial experimental design is appropriate. The assumptions that are made for the
fractional design are that there are no interaction effects among the process variables and
that the effects of the process variables on the response are linear. This hypothesis must be
tested for fractional factorial design by running a reflected (or folded) design which
identifies interactions. Since the goal of the experiment is to obtain the maximum
response due to the low-to-high transition in process variables, all of the experiments are
based on a two-level design. The detailed experiment table can be represented by a classic
'plus/minus’ matrix with the response to be observed and the process variables to be
exercised heading the ¢olumns with the experiment run numbers leading the rows. This
table gives the exact recipe for each experiment run.

A full factorial design should be replicated at least once to cnable the variability ot the
design to be established. Interactions and experimental error effects can be shaken out of
the full factorial with this replication run.

A fractional factorial design is a different matter. Since process variables are assigned
to columns in the matrix that would normally be assigned to collect interaction effects, any
significant effects logged for these columns must be identified as due to interactions or due
to the interloping process variable. If neither direct nor interactive effects are noted, the
data in these columns may be used to measure the experimental error. This error will give
an experimenter an indication whether or not a significant process variable has been
overlooked.




The experimental runs are performed as required by the matrix, and the
data 1s gathered and logged for analysis by a technique known as Analysis of

Variance (ANOVA). This technique is described in detail in the appendix to
this report.

The fifth and final step in this process implements the results obtained.
Process variables that need to be improved, as determined by the analysis of
the experimental data, will be improved as indicated and verified by
additional experimentation. The process variables that are identified as being
required to be brought under control will be brought under control. The limits
of that control will come from the analysis of the experimental data also.
Many of the process variable 1imits that are equipment related are actually
monitored in a closed loop fashion by the equipment. This lends itself readily
to automated tracking and reporting since the process variable data can be
automatically collected by a shop floor management system. Other process
variables need to be manually tracked and entered into the shop floor
management system.

The TQM methodology implemented by this EMPI program implies that there
is a never ending process improvement cycle in place. Data is provided to
indicate where improvement can best be made, and advantage must be taken of
that information constantly if TQM is to be meaningful.

4. DESCRIPTION OF EXPERIMENTS

An outline of each experiment for the five subtasks is presented in this
section. The order in which the detail is given is by subtask and not by the
logical process flow. This discrepancy between subtask flow and logical
process flow arose because of the way in which the proposal was written. For
each subtask a description of the experiment to be run is presented followed
by a "Cause and Effect" diagram; a list of response variables and their
levels, measurement methods, and their requirements source; a list of response
variables and their measurements and requirements source; and finally an
experimental matrix

4.1 Subtask 1, Infrared Reflow

Infrared reflow is the process that forms the solder joints between the
components and the PWB using the deposited solder pas*e as the source for the
solder and flux. The infrared reflow oven uses ten thermal zones and a
conveyor to control the temperature on the PWB and the rate that it changes on
the PWB. The process variables that are encircled on the "Cause and Effect”
(Figure 2) diagram are those that are being studied in this contract. Those
process variables that are not encircled were studied prior to the
implementation of this contract. The 'PWB thickness' process variable is being
studied in a separate, single point experiment that is designed to yield the
magnitude of the effect of PWB thickness on solder joint temperature. This
single point experiment came about as a result of identifying more process
variables to test than the seven that an eight run fractional factorial could
handle.

This experiment is looking at seven process variables and seven responses
in addition to the PWB thickness process variable and solder joint temperature
response being determined in the single point experiment previously men‘ioned.
These variables are presented in Tables 2 and 3, respectively.
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Figure 2 IR Reflow Cause and Effect Diagram




Process Variable

**PWB thickness

**Tinned lead aging

**Solder paste
aging

**Solder paste
deposit thickness

**Component
placement

**Solder paste
deposit placement

**PWB plating

**PWB plating
aging

** Process variables being studied by this experiment.

Measuring Device/
Precision

Dial micrometer/
+/- 0.1-mil

Steam ager/
+1 min

Oven with timer/
+/- 15 min

Dial micrometer/
+/- 0.1-in

Micros .pe with
filar/ +/- 0.1-mil

Microscope with
filar/ +/- 0.1-mil

Inspection/ +/- 0

Steam ager/
+/- 1 min

Table 2 IR Reflow Process Variable Details

Variable
Range

58 to 68 mils

0 te 8 hrs

24 hrs at
95°* C

4/10-mil to
6/12-mil

+/- 2.5 mil from
nominal

+/- 3.5 mils
from nominal

Reflowed tin-
lead and solder
dipped/hot air
leveled

0 to 6 months

Specification

PWB fabrication
drawing

Engineering
judgment

Engineering
judgment

Engineering
judgment

MIL-STD-2000

MM 2-1

TRW design
options

Engineering
judgment




Response
Variable

Lead/pad alignment
Solder joint
reflectance

Solder joint finish
Solder heel fillet
height

FPD soldered lead

dewetting

FPD soldered lead
solder volume

Solder balls

Solder joint
temperature

Measuring Device/
Precision

Microscope with
filar +/- 0.1-mil

Visual comparison/

Visual comparison/

Microscope with
filar/ +/- 0.1-mil

Microscope with
particle counting
grid/NA

Visual comparison/

Microscope with
filar/ +/- 0.1-mil

MOLE with thermo-

couple/ +/- 1* C

Table 3 IR Reflow Response Variable Details

Specification
+/- 2.5 mils

from nominal

Flat (1) to
specular (5)

Smooth (1) to
rough (5)

0 to 100% of
"calf” length

0 to 5% of
soldered area

No lead-to-pad
fillet extend-

ing over top

of lead foot and
beyond edge

0 to 5 mils

Nominal 4/- 6 C

Specification
MIL-STD-2000

Engineering
judgment

Engineering
judgment
MM 3-23

MM 3-22

MM 3-21
and
MM 3-22

MM 5-6

MIL-STD-2000




Table 4. IR Reflow Experimental ‘Recipe’
sumiut| A B C AB AC BC | ABC [=
‘Tue | Solder Paste | Paste Powder | Tinned Lead |Paste Deposit | PWB Solder | Comp. Place | PWB Type g
rumoer | Thickness Aging Steam Aging | Registration |Steam Aging | Registration 2
mils hrs/95 deg C hours mils hours mils ?
1 2 1 2 1 2 1 2 1 2 1 2 1 2 E
1 | o e o [ o 35 8 B 25 S
2 | 40 0 8 381 o 0 air
3 | o0 24 0 0 8 0 S aur
4 | 4o 24 8 | o 0 26 | tused (S
5 E 612] O 0 0 0 25 W air
| 6 en2| 0 8 0 8 0 fused NSNS
7 12 24 o 36| o 0 fused
| 8 | @12 24 8 as 8 25 ar
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4.2 Subtask 2, Fine Pitch Device Lead Tinning

Fine pitch device lead tinning is the process that applies a coating of
solder to the leads of fine pitch devices in order to enhance the formation of
the solder joint between the fine pitch device and the PWB. This process is
accomplished on a Gelzer robotic station that has a both a component placement
arm and a component preparation and tinning arm. The robot takes components
with formed leads and fluxes the leads, dips them into a solder pot, and
cleans them in a solvent tank. The process variables that are encircled on the
“Cause and Effect" (Figure 3) diagram are those that are being studied in this
contract. Those process variables that are not encircled were studied prior to
the implementation of this contract.

This experiment is looking at three process variables and six responses.
These variables are presented in Tables 5 and 6, respectively.

This experiment is an eight run full factorial design that does not
require that a reflected or folded design be run to sort out any interaction
effects. The ‘recipe' for the experimental runs is presented in Table 7. Note
that the run order will be randomized. A table similar to this will be used
for each response, to calculate any significant effects that a process
variable has on that response. An example of how significant effects are
calculated is presented in the analysis section of this report.

A replicate experiment is required to determine the experimental error or
noise so that a determination can be made whether or not process variables
that have a significant effect on a response have been overlooked. With the
exception of rerandomizing the run order, no changes are required to be made
in the recipe for the experiment.

4.3 Subtask 2, Experiment 1, Component Standoff

This component standoff experiment is examining the effects that several
process variables on the resporise of standoff height. The standoffs are
applied by depositing four cylindrical posts of dry film solder mask within
the footprint pattern of each leadless ceramic chip carrier. This is a process
that is being performed by a contract service using PWBs and artwork supplied
by TRW MEAD. TRW MEAD will be monitoring and directing the activity at the
vendor's site. The process variables that are encircled on the "Cause and
Effect” (Figure 4) diagram are those that are being studied in this contract.
Results from previous experiments demonstrated that the adhesive dot
dispensing technique have too great a variability to be useful for this
application.

This experiment is looking at seven process variables and one response.
These variables are presei.ced in Tables 8 and 9, respectively.

This experiment 1s an eight run fractional factorial design that requires
that a reflected or folded design be run to sort out any interaction effects
and quantify experimental error. The ‘recipe’ for the experimental runs is
presented in Table 10. Note that the run order will be randomized. A table
similar to this will be used for each response, to calculate any significant
effects that a process variable has on that response. An example of how
significant effects are calculated is presented in the analysis section of
this report.
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Figure 3 FPD Component Tinning Cause and Effect Dfagram

12




Table 5 FPD Tinning Process Variable Details

Measuring Device/ Variable
Process Variable Precision Range Specification
**Lead aging Steam aging cabinet/ 0 to 8 hr Engineering
+/- 1 min (0 to 12 mo.) judgment
**Lead cleanliness 10% soln. of oil/ Clean to Engineering
+/- 1% contaminated judgment
**Belly-to-toe Microscan/ 4 to 12 mil TRW cleaning
dimension +/- 0.15 mil study

13




Table 6 FPD Tinning Response Variable Details

Measuring Device/ Specification

Response Variable Precision Limit

Specification

Solder coverage Microscope with 25% to 100% of MM 1-6, 1.7
at "calf” filar/ +/- 0.2 mil lead below knee
(none at knee
bend)
Solder thickness Microscope with 0.1 to 1 mil Engineering
at mid- "calf” filar/ +/- 0.2 mil Jjudgment
(cross section)
Non-wet solder Microscope with 0 to 5% of MM 1-9
surface particle counting area
grid/NA
De-wet solder Microscope with 0 to 5% of MM 1-9
surface particle counting area
grid/NA
Icicles Microscope with 0 to 10 mil MM 1-9
filar/ +/- 0.2 mil
Lead-to-lead Microscope with 0 to 10 mil Engineering

gap reduction

filar/ +/- 0.2 mil

14
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Table 7 FPD Tinning Experimental 'Recipe’

wwas|__A B C AB | AC | BC | ABC |-
na |Belly-To-Toe| FPD Lead | FPD Lead E
rumber| Dimension | Steem Aging | Cleanliness §,
mils hou.rs g

1 4 0 geee e S

2 1 0 contam |

3 4 8 | clean . e ‘:; 5 ‘”’"g

4 4 8 conlam

5 o 12 0 clean i P

6 12 0 contam

7 e - 8 | clasn :

8 12 8 contam %

15
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VARIABLES

Figure 4 Component Standoff Cause and Effect Diagram
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Table 8 Component Standoff Process Variable Details

Process
Variable

Dry film
developer
temperature

Dry film
exposure
intensity

Solder mask
vendor

PWB plating
style

Lamination
temperature

Lamination lag
time to proc-
essing

Style of
process film

* Process variable being studied by this

Measuring Variable

Device/ Range

Precision

Thermocouple 90 to 105° F

indicato '

+/-1° F

Watt meter 2500 to

+/- 10 W 5000 W

Invoice DuPont and
Dynachem

Invoice Fused tin-lead
and solder dip
and hot air
leveled

Thermocouple/ Nominal

+/-1* C +/- 5* C

Clock/ Nominal plus

+/- 10 min 24 hours

Visual diazo and
silver halide

experiment

17

Specification

Vendor product data

Vendor product data

TRW design options

TRW design options

Vendor product data

Vendor product data

General shop practice




Table 9 Component Standoff Response Variable Details

Response Measuring Specification Specification
Variable Device/ Limit
Precision
Standoff dot Surface Gauge/ 4 to 6 mil Baseline document
height +/- 0.1 mil
18




Table 10 Component Standoff Experimental ‘Recipe’
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s | s e | A B C AB | AC | BC | ABC [;
walls deg F C from nom hours diazo/halide gl
t 2] ]2l af2] 2|1l 2] 2| 1] 2]t
4 1 | A28 Dw 2500 %0 +5 24 air | dinzo a0
5 2 |c108] pw 2500 105 A B fused halide
8| 3 |cia| ow 5000 | 90 5 24 | fused halide
3 4 | A0 | Dw 5000 108 | 5 o sir | diazo
1 5 | peo Dyn | 2500 90 q 5 0 ar halide
6 | 6 |Dass Dyn | 2600 06 | © 26 | fs s
7 7 | D187 Dya 8000 | 90 4 | o fused dlazo
2 8 | Bes Dyo 5000 108 + 24 ar  halide




The reflected experimental matrix is developed by swopping the high and
low limits of the process variables for each column and row. For example,
instead of using the low 1imit of 1500 watts for 'Exposure Intensity' in run
No. 1 in Table 10, the high Timit of 2500 watts is used.

4.4 Subtask 3, Experiment 2, PWA Cleaning

This experiment is examining the effects that several process variables
have on the responses of visual and fonic contamination of PWAs. This cleaning
process uses an in-line spray cleaner that has three spray zones, two dip
tanks, and a final distillate spray rinse zone. The spray temperatures and
pressures and the conveyor speeds are all controllable on the cleaner. The
process variables that are encircled on the "Cause and Effect" (Figure 5)
diagram are those that are being studied in this contract. Those process
variables that are not encircled were studied prior to the implementation of
this contract.

This experiment is looking at five process variables and two responses.
These varfables are presented in Tables 11 and 12, respectively.

This experiment is an eight run fractional factorial design that requires
that a reflected or folded design be run to sort out any interaction effects
and quantify experimental error. The 'recipe' for the experimental runs is
presented in Table 13. Note that the run order will be randomized. A table
similar to this will be used for each response, to calculate any significant
effects that a process variable has on that response. An example of how
significant effects are calculated is presented in the analysis section of
this report.

The reflected experimental matrix is developed by swopping the high and
Tow 1imits of the process variables for each column and row. For example,
instead of using the low limit of 80 percent for "Nitrogen Concentration" in
run No. 1 in Table 13, the high l1imit of 96 percent is used.

4.5 Subtask 4, Fine Pitch Device Lead Forming

Fine pitch device lead forming is the process that bends and trims the
leads of fine pitch devices to a form that allows them to fit onto the
footprint patterns created for them on the PWB. It also provides clearance
between the bottom of the FPD and the PWB for cleaning enhancement. This
process is accomplished on a Gelzer robotic station that has a both a
component placement arm and a component preparation and tinning arm. The robot
takes components with unformed leads and places them into a die that it
controls. The robot then actuates the forming and trimming die, removes the
FPD from the die, and presents it for the FPD tinning process. The process
variables that are encircled on the "Cause and Effect" (Figure 6) diagram are
those that are being studied in this contract. Those process variables that
are not encircled were studied prior to the implementation of this contract.

This experiment is looking at three process variables and four responses.
These varfiables are presented in Table 14, and 15 respectively.

20




CLEANER Salvent Temperatires

VARIABLES -\
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ﬁnmow CONDITION
VARIABLES

Figure 5 PWA Cleaning Cause and Effect Diagram
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Table 11 PWA Cleaning Process Variable Details

Process
Variable

Time since
reflow

Reflow
temperature

Nitrogen
environment

Component stand-

off height

Solder paste
vendor

Measuring
Device/
Precision

Timer/
+/- 1 min

Thermocouple/
+/-1* C
Oxygen
analyzer/

+/- 2 percent

Surface gauge/
+/- 0.1-mil

not applicable

Variable
Range

0 to 30 min

210 to 220°* C

70 to 98
percent

4 to 6 mil

Metech and
Multicore

Process variable being studied by this - periment

22

Specification

Baseline document

Baseline document

Baseline document

Baseline document

TRW solder paste
evaluation




Table 12 PWA Cleaning Response Variable Details

Response
Variable

Visual
cleanliness

lonic
cleanliness

Measuring
Device/

Precision

Comparison
to visual

standards/
+/- 1 unit

lonic contam-

ination test-

er/+/- 1 ugm

NaCl/sq in

23

Specification
Limit

1 to 5 units

0 to 10 ugm
NaCl/sq in

Specification

MIL-P-28809

MiL-C-28809




Table 13 PWA Cleaning Experimental ‘'Recipe’

osws] A B C AB AC | BC | ABC | ¢
‘ma | Nitrogen | IRReflow | Time Since | SolderPaste | Standoff s
~umber {Concentration| Temperature | IR Reflow Vendor Height O
percent deg C minutes mils N
12| v 2| v fef el v 2] 1] 2| 1] 2]3
1 | 80 Eed 210 4 o ) ot
2 80 210 30
3 80 220 ] Met
4| w 220 A 0 | Me
5 Bdl e | 210 0 Met
6 48 210 0 | Met
7 98 220 0
8 F 98 220 N 2




FORMING PRESS j)

Pressure VARIABLES
Clomme Speed
FPD LEAD FORMING
RESPONSES
Skew
COMPONET / Belly-To-Tae Dimension
VARIABLES (EZEEEEEEEEEE> Toe-To-Toe Dimension
Toe Angle
Toe Burrs

Figure 6 FPD Lead Forming Cause and Effect Diagram
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Table 14 FPD Lead Forming Process Variable Details

Process Variable

**Lead colinearity

**Lead thickness

**Lead package
egress

Measuring Device/

Precision

Microscope with

filar/ +/- 0.1-mil

Micrometer/
+/- 0.1-mil

Microscan/
+/- 0.1-mil

26

Variable
Range

+/- 3 mil from
orthogonal

5 to 8 mil
From top of

package or side
of package

Specification

Engineering
Vendor drawing
requirements

Vendor drawing
requirements




Response
Variable

Skew
Coplanarity
" Belly-to-toe™

dimension

" Toe-to-toe™
dimension

"Toe™ angle
dimension

"Toe" burrs

Measuring Device/

Precision

Microscope with

filar/ +/- 0.1-mil

Microscan/
+/- 0.1-mil

Microscan/
+/- 0.1-mil

Coordinatograph/
+/- 0.1-mil

Microscan/
+/- 0.1-mil

Microscope with

filar/ +/- 0.1 mil

27

Specification
Limit

-2 to +2 mil
from orthogonal

4 mil maximum
deviance

10 milsl
+/- 2 mil

Nominal/
+/- 5 mil

+/- 15° from
horizontal

I1x lead
thickness, max.

Table 15 FPD Lead Forming Response Variable Details

Specification

MIL-STD-2000

Engineering

TRW drawing

TRW drawing

MIL-STD-2000

MIL-STD-2000




This experiment is an eight run full factorial design that does not
require that a reflected or folded design be run to sort out any interaction
effects. The 'recipe' for the experimental runs is presented in Table 16. Note
that the run order will be randomized. A table similar to this will be used
for each response, to calculate any significant effects that a process
variable has on that response. An example of how significant effects are
calculated is presented in the analysis section of this report.

A replicate experiment is required to determine the experimental error or
noise so that a determination can be made whether or not process variables
that have a significant effect on a response have been overlooked. With the
exception of rerandomizing the run order, no changes are required to be made
in the recipe for the experiment.

Table 16. FPD Lead Forming Experimental ‘Recipe’
Standerd A B C AB AC BC ABC R
G | FPDLead | FPD Lead | FPD Lead 3
Numbar Egress Thickness Skew o
mils mils g‘
1 2 1 2 1 2 1 2 1 2 1 2 1 2 E
1 | nde 5 nom
2 side 5 +3
3 | side 8 | nom
4 side 8 +3
5 top ) nom
6 top 5 +3
7 lop 8 nom
J top 8 +3

28




4.6 Subtask 5, Experiment 1, Solder Paste Deposit

Solder paste deposit is the process that precisely applies a fixed amount
of solder paste (a mixture of solder powder and flux) onto the footprint
pattern of PWBs. This is the material that provides the solder required to
effect a joint between the PWA component and PWB. This process is accomplished
by an automated stencil machine that automatically aligns the PWB to the
stencil prior to the squeegeeing the solder paste onto the PWB. The process
variables that are encircled on the "Cause and Effect" (Figure 7) diagram are
those that are being studied in this contract. Those process variables that
are not encircled were studied prior to the implementation of this contract.

This experiment is looking at three process variables and five responses.
These variables are presented in Table 17 and 18, respectively.

This experiment is an eight run full factorial design that does not
require that a reflected or folded design be run to sort out any interaction
effects. The ‘'recipe' for the experimental runs {is presented in Table 19. Note
that the run order will be randomized. A table similar to this will be used
for each response, to calculate any significant effects that a process
variable has on that response. An example of how significant effects are
calculated is presented in the analysis section of this report.

A replicate experiment is required to determine the experimental error or
noise so that a determination can be made whether or not process variables
that have a significant effect on a response have been overlooked. With the
exception of rerandomizing the run order, no changes are required to be made
in the recipe for the experiment.

N
ALIGNMENT PRINTING
VARIABLES VARIABLES
@ Presane
— -—_\ 0
\ N PASTE
Stretch)\ Spesd N\ RESPONSES
N Registration
Vision Alignment Accuracy/Precision \ Number of Prints \ Smear
Printsbility Index . 7 Thickness
. : s Shmping
y Time on Steacil .
Paste Vendor Spikes
PASTE PROPERTY [PAS'I‘E HISTORY
VARIABLES J VARIABLES

Figure 7 Solder Paste Deposit Cause and Effect Diagram
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Table 17.

Measuring Device/

Process Variable Precision

**Fiducial pad Coordinatograph

stretch +/- 0.1 mil
**PWB plating Inspection/
+/- 0
**Solder paste Inspection/
vendor +/- 0

*  Depends on viscosity of solder paste used.

Variable
Range

+3.0 mil
from nominal

Reflowed tin-
lead and solder
dipped/hot

air leveled

Metech RF63 and
Multicore Sn62-
RM92A90

** Process variables being studied by this experiment.

30

Solder Paste Deposit Process Variable Details

Specification

PWB fabrication
drawing

MEAD Design
options

MEAD solder
paste study




Table 18. Solder Paste Deposit Response Variable Details

Response Measuring Device/ Specification
Variable Precision Limit Specification
Registration Microscope deposit overhang MM pi-a, 2-1
with filar/ </=25% of pad
+/- 0.1-mil axis in direction
measured
Smear Microscope print separation MM para. 2.3
with filar/ >25% of design
+/- 0.1-mil spacing
Thickness Microscan/ +/- 20% of MM para. 2.5
+/- 0.1-mil stencil thick.
at location
measured.
Slumping Miéroscope print separation MM para. 2.7
with filar/ >25% of design
+/- 0.1-mil spacing.
Spikes Microscan <1 times °'t’ of MM para. 2.7
+/- 0.1-mil stencil thick
at location

measured.




Table 19. Solder Paste Deposit Experimental “"Recipe*
T A B C AB | AC | BC [ ABC [=
T | T | Sed | Solder Peste | Fiducial PWB Style 5
Number | Nmber Vendor smﬁh —— INTBRACTION AND ERROR TERMS —— §
1 2 1 2 1 2 1 2 1 2 1 2 1 2 g
7 1 | A28 Ma o fused
1 2 | cio8| ua 0 -
8 3 |cia1] Ma +3 | fused
3| 4| av0| ua X -
2| 5| e Mui| © fused
6| 6 |Diss Muu| O o
) 7 | pasy vy +3 | tused
4 8 | Bos it +3 or




4.7 Subtask 5, Experiment 2, Component Placement

Component placement is the process that precisely locates components onto
the surface of a PWB that has had solder paste deposited onto its footprint
patterns. This is performed with the Gelzer robotic workstation which has both
a component preparation and a component placement arm. The placement arm picks
the component out of a presentation fixture, determines its location in space,
then places it on the PWB after having determined the location of the PWB in
space. The process variables that are encircled on the "Cause and Effect"
(Figure 8) diagram are those that are being studied in this contract. Those
process variables that are not encircled were studied prior to the
implementation of this contract.

This experiment is looking at five process variables and two responses.
These variables are presented in Tables 20, and 21, respectively.

This experiment is an eight run fractional factorial design that requires
that a reflected or folded design be run to sort out any interaction effects
and quantify experimental error. The 'recipe' for the experimental runs is
presented in Table 22. Note that the run order will be randomized. A table
similar to this will be used for each response, to calculate any significant
effects that a process variable has on that response. An example of how
significant effects are calculated is presented in the analysis section of
this report.

The reflected experimental matrix is developed by swopping the high and
low 1imits of the process variables for each column and row. For example,
instead of using the lTow 1imit of 0 hours aging for “Solder Paste Aging"” in
run No. 1 in Table 22, the high limit of 3 hours is used.

1l
-,

33




'liiallllli;\\> CtﬂlPO&ﬂﬂfPPOﬂTTHDf]

\. (VARIABLES

(Component Contredt
CM_MX COMPONENT
PLACEMENT
\ RESPONSES
Lead/Pad Aligament
/ L Load Penstration
Placement Force

A_//// COMPONENT
Placement Dwell DEPTH
VARIABLES

Figure 8 Component Placement Cause and Effect Diagram
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Table 20 Component Placement Process Variable Details

Process Variable

**Solder paste open
time

**PWB plating

**Tinned lead aging

**Fiducial pad
stretch

**PWB thickness

**Process variables being studied by this experiment.

Measuring Device/
Precision

Timer/ +/- 1 sec

Inspection/ +/- 0

Steam ager/
+/- 1 min

Coordinatograph/
+/- 0.1-mil

Dial micrometer/
+/- 0.1-mil

35

Variable
Range

0.5 to 3 hrs

Reflowed tin/
lead and solder
dipped/hot

air leveled

0 to 8 hrs
+/- 3 mil from
nominal

58 to 68 mil

Specification

Assembly
staging time

MEAD design
options

Engineering
judgment

PWB fabrica-
tion drawing

PWB fabrica-
tion drawing




Table 21 Component Placement Response Variable Details

Response
Variable

Lead/pad alignment

Chip component
overhang

Lap

Lead and toe

overhang

Heel clearance

Leadless chip
carrier overhang

Lead penetration
into solder paste

Measuring Device/

Precision

Microscope with
filar +/- 0.1-mil

Microscan/
+0.1-mil

Specification
Limit

10% of termina-
tion width, max

5 mil, max

25% of lead
width, max or
20 mil, max;
whichever is
greater

100% of lead
width

25% of castel-

lation width,
max

No air gap to
3 mil

Specification

MIL-STD-2000

MM 3.3

MEAD place-
ment study




Table 22.

Component Placement Experimental 'Recipe’

Standad A B C AB AC BC ABC
e | TinnedLead| PWB | SolderPaste | PWB Fiducial

Aging

Thickness

37
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APPENDIX

Detailed Experimental Plans
Subtask 1, IR Reflow
Subtask 2, FPD Lead Tinning
Subtask 3-1, Component Standoff
Subtask 3-2, PWA Cleaning
Subtask 4, FPD Lead Forming
Subtask 5-1, Solder Paste Placement
Subtask 5-2, Component Placement
Guidelines for Calculating EMPI Process Capability Indices
PWB Design Documentation
Bill of Materials
Product Assurance Plan
Cost Model Wprksheets
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APPENDIX

Detailed Experimental Plans
Subtask 1, IR Reflow
Subtask 2, FPD Lead Tinning
Subtask 3-1, Component Standoff
Subtask 3-2, PWA Cleaning
Subtask 4, FPD Lead Forming
Subtask 5-1, Solder Paste Placement
Subtask 5-2, Component Placement
Guidelines for Calculating EMPI1 Process Capability Indices
PWB Design Documentation
Bill of Materials
Product Assurance Plan

Cost Model Worksheets
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Lian

Interoffice Correspondence

—R---
TRW Avionics & Surveillance Group Yy

~ U1.Q002 PCC.ST1.0

Subject Date From :
Detailed Experimental Plan 25 January 1991 P. CREPEAU
Infrared Reflow (ST10)
Teo ce Locatlion/Phone
P. Glaser D. Cavanaugh RC4/1073/3182

P. Finkenbinder

J. Murray

T. Neillo

! INTRODUCTION

This |IOC presents the detailed experimental plan and procedures for performing the
Sub Task 1 experimental procedure. This experiment is designed to identify
significant inter-workstation process variables that effect several responses for the
infrared reflow work cell. The significant process variables were identified in a
“brainstorming” session among several manufacturing and process engineers. Figure 1
presents a cause and effect diagram that identifies the process variables and responses
for the infrared reflow work cell. The shaded process variables are those beiug
evaluated in this experiment. The unshaded process variables are intrastation
variables that were previously evaluated and reported.

Ranges (or levels) for the process variables were selected based on tolerances that
were expecled to be encountered on the factory floor. These ranges, the instruments
used to measure the variables. and the reference to the source for the ranges are
presented in Table 1. Double asterisks identify those process variables being
evaluated by this experiment. Responses to be analyzed for the infrared reflow
workstation, the instruments used to measure the responses. the specification limits
tor the responses, and the source for the specification limits are presented in Table 2.
The main experimental design is an eight run fractional factorial with seven variables.
Oune retlection is required and will be run,

Table 3 presents the form that will be used for each response evaluated by this main
experimental design. A single point experiment is also being designed in which the
effect of PWB thickness on solder joint temperature will be determined. 1t was
concluded that this is a single cause and effect relationship that can safely be pulled
out of the fractional factorial design.
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STI1EC Plan
Emitier Temperatures
Belt Speed
REFLOW PROCESS
Initial Input Tempereture VARIABLES
Alfr Coatrol

Figure 1. Infrared reflow cause and effect diagram.
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Surface Reflectance
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«cfash

ST1E0 Plan

Process Variable

**PWB thickness

Emitter temperatures

Belt speed

Initial PWB
temperature

Exhaust air flow

Nitrogen atmosphere

Humidity

**Tinned lead aging

**Solder paste

aging

**Solder paste
deposit tinckness

**Component placement

**Solder paste deposit

placement

Process variable details.

Measuring Device/

Precision

Dial micrometer/
+/- 0.1-mil

Panel thermocouples
+/- 1 deg C

Stop watch and ruler/

+/- 0.01 ft per
+/- 0.1 sec

Thermocouple/
+/- 1 deg C

Anemometer/
+/- 1 scfin

Oxygen analyzer
Diaphragm gauge/
+/- 5%

Steam ager/
1 minute

Oven with timer/
+/- 15 minutes

Dial micrometer/
+/- 0.1-in

Microscope with
filar/ +/- 0.1-mil

Microscope with
filar/ +/- 0.1-mil

43

Variable
Rauge

58 to 68 mils

+/- 5 deg C

from nominal

22 to 26 in/min

10 to 30 deg C

10 to 20 scfm

0 to 3% O2

35 to 65%

0 to 8 hours

24 hours at

95 deg C

4/10-mil to
6/12-mil

+/- 2.5 mil from
nominal

+/- 3.5 mils
from nominal

Page 3

25 January 1991

Specification

PWB fabrication
drawing

Baseline
document

Baseline
document
Facility

requirement

Baseline
document

Baseline

document
Baseline
Engineering
judgment

Engineering
judgment

Engineering
judgment

MIL-STD-2000

MM 2-1




STI1E0 Plan

Process Variable

**PWB plating

**PWB plating
aging

** Process variables being studied by this experiment.

Measuring Device/
Precision

Inspection/ +/- 0

Steam ager/
+/- 1 minute

Table 1. Process variable details (concluded).

Variable
Range

Reflowed tin-
lead and solder
dipped/hot air
leveled

0 to six months

Page 4
25 January 1991

Specification

TRW design
options

Engineering
judginent
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ST1EO Plan

Response
Variable

Lead/pad alignment
Solder joint
reflectance

Solder joint finish
Solder heel fillet
height

FPD soldered lead

devrciting

FPD solilered lead

soulder volume

Solder balis

Solder joint
teniperature

Table 2. Response variable details.

Measuring Device/
Precision

Microscope with
filar +/- 0.1-mil

Visual comparison/
NA

Visual comparison/
NA

Microscope with
filar/ +/- 0.1-mil

Microscope with
particle counting

grid/NA

Visual comparison/
NA

Microscope with
filar/ +/- 0.1-mil

MOLE with thermo-
couple/ +/- 1 deg C

45

Specification
Limit

+/- 2.5 mils
from nominal

Flat (1) to
specular (5)

Smooth (1) to
rough (5)

0 to 100% of
“calf” length

0 to 5% of
soldered area

No lead-to-pad
fillet extend-

ing over top

ot lead foot and
beyond edge

0 to 5 mils

Nominal +/- 6 C

Page 5

25 January 1991

Specification

MIL-STD-2000

Engineering
judgment

Engineering
judgment

MM 3-23

MM 3.22

MM 3-21
aud
MM 3-22

MM 5-6

MiIL-STD-2000
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Table 3. Response table with interaction effects.
o Jomeefaemel A B C | AB | AC | BC | ABC
2“*_ TL Vehae
1 1 ]2
I e
2
3
4 ;
5
(-]
7 %
8
TOTAL
oF VALUES
AVERAGE
prrect

~




BT L N

S

STIEO Plan

. MATERIALS AND SUPPLIES

pPwB
Qty P/N
12 786582A
12 786582C
1 786582G
1 786582H

Qty P/N

78 PB-F86259

468 PB-C85124

260 PB-44823

208 IRK32F1-200B

988 M55342K06B110BR
1092 CDR02BX1038BKURT
156 498CP

QQ-S-571. Sn63, bar
Metech RHF63, wvirgin

Metech RHF63, aged powder

Flux

Kester 1585-MIL

Solvent

47

Description

Page 7
25 January 1991

Nominal solder dipped and hot air leveled

Nominal fused tin-lead
Thin fused-tin lead
Thick fused-tin lead

Description

Kyocera, 132-pin. 25-mil pitch, leaded package

20-pin, square, leadless chip carrier

28-pin, square, leadless chip carrier

32-pin, rectangular, leadless
Chip resistor
Chip capacitor

chip carrier

Chip capacitor, CWRO6 package style

Metech, Inc.
Route 401
Halverson. PA 19520

Melech. Inc.
Route 401
Halverson, PA 19520

Kester Solder Co.
515 Touhy Ave
Des Plaines. IL 60018-2575




STIEO Plan

Blakosolv 404

Isopropyl alcohol

Stencil

6/12 and 4/10 thicknesses

Miscellaneous

Palette kaife. plastic

Shamis, 99-150 cleaning cloth
Bristle brush

Protectlive gloves, 96244

. TOOLS AND EQUIPMENT

Page 8
25 January 1991

Baron Blakeslee. Inc.
2001 N. Janice Avenue
Melrose Park, IL 60160

TT-1-335

T-786582-6/1 top and
T-786582-6/2 bLoltom

Holbein
Affiliated Manufacturers

Jones Associates

General purpose stereo microscope, 0.7x-3x zoom with an American Optical No. 424, 10x-filar

eyepiece.

Screen Printer No. 24-ASP

Malcom Viscometer

In-Line Cleaner, CBL-18

Stencil Cleaner

Microscan

MPM Corp.
10 Forge Park
Franklin, MA 02035

Austin American Technology
12201 Technology Bivd
Austin, TX 78727

Baron-Blakeslee, Inc.
2001 N. Janice Ave.
Melrose Park. IL 60160

Tooltronics, Inc.
710 fvy Street
Glendale, CA 91204

CyberOptics Corp.
2331 University Ave., SE

48
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Minneapolis. MN 55414

Robotic Workcell Gelzer Systems

425 Enterprise Drive
Westerville, OH 43081

Steam Aging Cabinet Mountaingate Engineering

1510 Dell Ave.
Campbell, CA 95008

infrared Reflow Oven, Vitronics Corp.
Model SMD722 Forbes Road

Newmarket. NH 03857

PROCEDURE

A

Eight Run Fractional Factorial Design

Select twelve 786582A PWBs and serialize them as ST1001 through ST1012.

Take SNs ST1007 through ST1012 from (1) above, and steam age for 8 hrs. Log
and record the condition of the 786582A, SN ST1001 through ST1012 PWBs.

Select twelve 786582C PWBs and serialize them as ST1002 through ST1012.

Take SNs ST1007 thrdough ST1012 from (3). above. and steam age for 8 hrs.
Log and record the condition of the 786582C, SN ST1001 through ST1012 PWBRBs.

Create one worksheet, similar to the one shown in Table 3. for each of the six
responses listed in Table 2 that are to be monitored. Column A is assigned to
"Solder Paste Thickness,” subcolumn 1 is for “Minimum Thickness.” subcolumn 2 s
for "Maximum Thickness.” Column B is assigned to "Paste Powder Aging.”
subcolumn 1 is for "Unaged Powder.” subcolumn 2 is for "Aged Powder.” Column
C is assigned to "Tinned Lead Aging.” subcolumn 1 is for “Unaged.” subcolumn 2

is for "Aged.” Column AB is assigned to "Paste Deposit Registration.” subcolumn

1 is for "0 mils.” subcolumn 2 is for "43.5 mils.” Column AC is assigned to
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"PWB Solder Aging.” subcolumn 1 is for "Unaged.” subcolumn 2 is for "Agea.
Column BC is assigned to “Component Placement Registration.,” subcolumn 1 s for
"0 mils.” subcolumn 2 is for “+2.5 mils.” Column ABC is assigned to "PWB

Type.” subcolumn 1 is for "Fused Tin-Lead.” subcolumn 23 is tor "Hot Air Leveled.”
Randomize the “Standard Order Trial Number” column and enter the appropriate
random aumber in the "Random Order Trial ™umber” column. Run the
experimental trials using the random number sequence.

Clean the serialized PWBs in the in-line solvent cleaner.

Set up the 24-ASP stencil printer with an appropriate reference PWB. Keep in
mind that an offset is being forced at this station (nom. and max. solder paste
deposit misregistraticn). Also keep in mind that the thickness of the solder paste
deposit is being forced at this station as well as the iype of paste being printed.
Set up the component preparation and placement sides of the Gelzer robot. Keep in
mind that an offset is being forced at this workcell (nom. and max. component
misregistration). Also keep in mind that both "aged” and "unaged” FPDs are being
“prepped” and placed at this workcell.

Set up the SMD 722 IR reflow oven with the appropriate thermal profile.

Set up the CBL-18 in-line cleaner with the appropriate cleaning process profile.

Select the stencil. PWB. solder paste. and component required for the run identified

as random number 1.
Stencil print the PWB forcing the desired offset.

Measure and record the solder paste offset and the solder paste thickness.
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12c. Place the printed PWB in the Gelzer robot load station and form. trim. tin. and
place the selected FPD and all other components using the appropriate forced
placement offset value.

12d. Measure and record the component placement offset.

12e. Reflow the PWB subassembly in the IR reflow oven and then clean it in the CBL-18

3 in-line cleaner.

13.  Repeat steps (8) through (12). inclusive until all 8 experimental runs have been
i completed.

14.  Swap the shaded cells between the ‘1’ and ‘2" subcolumns of each of the 7 process
' variable columns (e.g.. column A1 for runs 1-4 will be shaded rather than clear and

. column A2 for runs 5-8 will be shaded rather than clear).
Rerandomize the run order number and rerun the experimental matrix with the
’; inverted process variable ranges. This will result in a reflected set of dala which
will isolate interaction effects that might mask the main effects of the process

. variables assigned to columns AB. AC, BC. and ABC.
B. Single Point Design
1. Select two 786582G PWBs and serialize them as ST1001 and ST1002.
2. Select two 786582H PWBs and serialize them as ST1001 and ST1002.
3. Set up the 24-ASP, stencil printer, the “prep” and place arms of the Gelzer robot.
the SMD-722 IR reflow oven. and the CBL-18 in-line cleaner for nominal processing

characteristics.

4. Select one 786582G and one 786582H PWBs and process through the line to yield
two assembled and soldered PWBs.
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RESPONSE DATA
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Repeat (B.1) through (4). inclusive with the remaining PWBs.

Eight Run Fractional Factorial Design

Soldered Component Alignment

Measure the fine pitch component lead placement lateral misregistration for

each of the &

experimental runs at the locations listed in Table 4. Use a

filar eyepiece on a microscope with a precision of at least 0.1-mil.

Measure the
misregistration
Table 5. Use
0.1-mil.

Measure the
misregistration
Table 6. Use
0.1-mil.

Measure the
misregistration
Table 7. Use
0.1-mil.

20-pin LCC component termination placement lateral
for each of the 8 experimental runs at the locations listed in

a filar eyepiece on a miicroscope with a precision of at least

28-pin LCC component termination placement lateral
for each of the 8 experimental runs at the locations listed in

a filar eyepiece on a microscope with a precision of at least

32-pin LCC component termination placement lateral
for each of the 8 experimental runs at the locations listed in

a filar eyepiece on a microscope wilh a precision of at least

Measure the chip component termination placement lateral and end-to-end

misregistration

for each of the 8 experimental runs at the locations listed in

Table 8. Use a filar eyepiece on a microscope with a precision of at least

0.1-mil.
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Table 4. Fine pitch device placement misregistration after solder.

Pad
130
131
132

64
65
66

67
68
69

130
131
132

64

avg

avg

avg

avg

avg

avg

53
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65
66
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Table 4. Fine pitch device placement misregistration after solder (concluded)

Component

U39

Pad

—————

130
131
132

64
65

67
68
69

55

avg

avg

avg

avg

avg

Lateral Displacement
AX - AY

— —— — — ———— — o f— — f———
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Table 5. 20-pin LCC device placement misregistration after solder.

Component Pad

u2

us

W N =

[ 0 I

11
12
13

14
15
16

~N

(54

avg

avg

avg

avg

avg

avg

56

Lateral Displacement
AX AY

————. — —— — — — —— — — — —— — — —
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1
12
13

57

avg
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Table 5. 20-pin LCC device placement misregistration after solder.

Component Pa

W N ==

v

11
12
13

14
15
16

58

avg

avg

avg

avg

avg

avg

Lateral Displacement
4x AY

e S e A G —— — — — — — v p— — —

————— —— — —— —— t— — — —
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(%]

1
12
13

avg

avg
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Table 5. 20-pin LCC device placement misregistration after solder (conciuded)

Component Pa

u33

wn

1
12
13

14
15
16

avg

avg

avg

avg

avg

Lateral Displacement
AX AY

— v —— — — —— — — ——— —— i+ ——

— —— —— — ———— —— —— —— ——

-
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u22

U3l

Table 6.
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28-Pin LCC placement misregistration after solder.

Pad

—

s W N

16
17
18

19
20
21

w

16

61

avg

avg

avg

avg

avg

avg

Lateral Displacement
AX AY
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17
18 avg
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Component

u3s
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28-Pin LCC placement misregistration after solder (concluded)

W N

(<))

16
17
18

19
20
21

63

avg

avg

avg

avg

avg

Lateral Displacement
AX AY
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Table 7.

Component

u7

u14

Pad

oW

-~ o w;m

18
19
20

21
22
23

w

[=2]

18

32-pin LCC device placement misregistration after solder.

avg

avg

avg

avg

avg

avg

Page 24 ,
25 January 1991

Lateral Displacement
AX AY
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19
20 avg
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Table 7. 32-pin LCC device placement misregistration after solder (concluded)

Component Pad

u34

oW N

(=)}

18
19
20

21
22
23

avg

avg

avg

avg

avg

Lateral Displacement
AX AY

—

———— L™ < -
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Table 8. Chip device placement misregistration after solder.

Lateral

Component Pad AX AY Package Style

C43 T CWRO06
2 —————

C46 T CWRO06
2 —————

C48 T CWRO06
2 —————

C2 T CDRO2
2 —————

c7 T CDRO02
2 —————

C26 T CDRO2

C36 r CDRO2
2 —————

C42 ) CDRO2

R1 T M55342 /6

R12 T M55342/6
2 —————

R30 1 M55342/6

67
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Table 8. Chip device placement misregistration after solder (concluded)

Component

R34

R25

Pad

LS

Lateral

—— — ——— —

68

Package Style

M55342/6

M55342/6
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Reflowed Solder Joint Reflectance

Visually examine the FPD lead solder joints for each of the eight runs at the
locations listed in Table 9. and rate the reflectance of the joints by comparing them

against the standard shown in Figure 2. Log and record the results.

Visually examine the 20-pin LCC solder joints for each of the eight runs at the
locations listed in Table 10, and rate the reflectance of the joints by comparing

them against the standard shown in Figure 2. Log and record the results.

Visually examine the 28-pin LCC solder joints for each of the eight runs at the
locations listed in Table 11, and rate the reflectance of the joints by comparing

them against the standard shown in Figure 2. Log and record the results.

Visually examine the 32-pin LCC solder joints for each of the eight runs at the
locations listed in Table 12, and rate the refiectance of the joints by comparing

them against the standard shown in Figure 2. Log and record the results.
Visually examine the chip component solder joints for each of the eight runs at the

locations listed in Table 13 and rate the reflectance of the joints by comparing them

against the standard shown in Figure 2. Log and record the resuits.
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Component

u1

u20

Table 9.

64
65
66

67
68
69

130
131
132

64
65
66

Page 30
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Fine pitch device solder joint reflectance.

70

Reflectance

Rank (1-5)

———— e ——— — s ———— ———
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Component
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Table 9. Fine pitch device solder joint reflectance (concluded)

Pad

130
131
132

64
65
66

67
68
69

Reflectance
Rank (1-5

71
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Component Pad

u2

W N e

A 0N o

12
13

14
15
16

us 1

wm

11
12
13

14
15
16

72
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Table 10. 20-pin LCC device solder joint reflectance.

Reflectance

Rauk (1-5)

——— e — ——— ——— — — ——— —

—— —— — —— — — — — —
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Table 10. 20-pin LCC device solder joint reflectance (continued)

Reflectance
Rank (1-5

o
o
Q.

Component
u19

wwr—-l

(Sl 3

uzs 1

18

11
12
13
15
16

73
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Component

U3l

Table 10.
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20-pin LCC device solder joint reflectance (concluded)

Pad

w N =

[« B I -1

12
13

14
15
16

74

Reflectance

Rapk (1-5)
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Table 11. 28-pin LCC device solder joint reflectance.

Reflectance
Component Pad Rank (1-5})

u22

&8 W N

(=]

16
17
18
19 T
20
21

U3l 2

16
17
18
° TTTTTmTmm T
20
21

75
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Component

u3s
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Table 11. 28-pin LCC device solder joint reflectance (concluded)

Reflectance

Pad Rank (1-5)

S W N

~N o w,m

17
18

19
20
21

76

—— .
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Component

u7

Ui4

Table 12.

Pad

& W

-~ O,

18
19
20

21
22
23

w

18
19
20

21
22
23
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32-pin LCC device solder joint reflectance.

71

Reflectance

Rank (1-5)

——— — ——— — —— — — —— —
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Table 12.

Component

u34

Page 38
25 January 1991
32-pin LCC device solder joint reflectance (concluded)

Reflectance

Pad Rank (1-5)

- oW

~N o Dn

19
20

21
22
23

78

—p—— ——— Al B3 ——
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Table 13. Chip device solder joint reflectance.

Reflectance

Component Pad Rank (1-5) Package Style
C43 - CWRO06

2 ——————————
C46 r CWRO06

2 ——————————
c48 I CWRO06

2 ——————————
2 T CDRO2
c7 ) CDRO2
C26 r CDRO2
C36 e CDRO02
c42 I CDRO2

2 ——————————
R1 MS5342,6
R12 . M55342/6

— e ———— —— e
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Table 13. Chip device solder joint reflectance (concluded)

Reflectance
Component Pad Rank (1-5) Package Style
R30 - M55342/6
2
R34 r M55342/6
2
R25 M55342/6
2
80
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MAGNIFICATION 30X

o

£ MIAMN 1=t 2o Thaa | 2nf 2~

- a0 o e ... -~ .o -

Figure 2. Reflowed solder joint reflectance.
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Reflowed Solder Joint Roughness

a. Visually examine the FPD lead solder joints for each of the eight runs at the
locations listed in Table 14 and rate the roughness of the joints by comparing

them against the standard shown in Figure 3. Log and record the results.

b. Visually examine the 20-pin LCC solder joints for each of the eight runs at the
locations listed in Table 15. and rate the roughness of the joints by comparing

them against the standard shown in Figure 3. Log and record the resuits.

c.  Visually examine the 28-pin LCC solder joints for each of the eight runs at the
locations listed in Table 16 and rate the roughness of the joints by comparing

them against the standard shown in Figure 3. Log and record the results.

d. Visually examine the 32-pin LCC solder joints for each of the eight runs at the
locations listed in Table 17 and rate the roughness of the joints by comparing

them against the standard shown in Figure 3. Log and record the results.

e. \Visually examine the chip component solder joints fo¢ each of the eight runs at
the locations listed in Table 18 and rate the roughness of the joints by
comparing them against the standard shown in Figure 3. Log and record the

results.
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Table 14.

Component Pad

u1 130

64
65
66

67
68
69

130
131
132

u20

64
65
66

67
68
69

Page 43
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Fine pitch device solder joint roughness.

Roughness

Rank (1-5)

——— — ———— - ———— — o

— e —— o — — —

83




ST1EOQ Plan

Component

U39

Page 44
25 January 1991

Table 14. Fine pitch device solder joint roughness (concluded)

Fad
130
131
132

W N

64
65
66

67
68
69

Roughness
Rank (1-5
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Component

U2

us

Table 15.

Pad

[N

(= B S0 B -

11
12
13

14
15
16

S U

i1
12
13

14
15
16
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20-pin LCC solder joint roughness.

85

Roughness

Rank (1-5)
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Table 15.  20-pin LCC solder joint roughness (continued)

Roughness
Component Pad Rank (1-5)

u19

W N =

———— — ———— — —— —

(<2 BN S0 P -3

12
13
15
16

u28 1

(S,

11
12
13
14
15
16

u33 1

86




-t

A

ST1EO Plan Page 47

25 January 1991

Table 15. 20-pin LCC solder joint roughness (concluded)

Roughness
Component Pad Rank (1-5)

(S -4
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Component

u22

U3l
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Table 16. 28-pin LCC device solder joint roughness.

Roughness

Pad Rank (1-5)

s W N

[-)]

16
17
18
19 -
20
21

w

[=)]

16
17
18
19
20
21

88
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Component

u3s

Table 16.
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28-pin LCC device solder joint roughness (concluded)

Roughness

Pad - Rank (1-5)

w N

~N o,

16
17
18
19
20
21

89
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Component

u7

u14
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Table 17. 32-pin LCC device solder joint roughness.

Pad

& W N

~N O u;m

19
20

21
22
23

w

[=)]

18
19
20

21
22
23

Roughness

Rank (1-5)

—— i — — . s — —— —

e
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Component
U34

Table 17.
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32-pin LCC device solder joint roughness (concluded)

waI'U
o
a

A wm

18
19
20

21
22
23

91

Roughness

Rank (1-5)

—— — — . —— — —— —
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Component

C43

246

c48

C2

c7

C26

C36

C42

R1

R30

Table 13.

Pad

N =

N = N -

N b=b

Chip device solder joint roughness.

Roughness

Rank {1-5)

—— et — — — — — —— —

—— —— —— — — — — — —

——— o —— — — — — ——

—— — — — — — — ——

——— — — — — —— — —

— . — — —— — — —— —

———— — s — — —— — —

92

Page 52

25 January 1991

Package Style

CWRO06

CWRO06

CWR06

CDRO2

CDRO02

CDRO2

CDRO2

CDRO02

M55342/6

M55342/6

M55342/6

-, *
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Table 18. Chip device solder joint roughness (concluded)

Roughness
Component Pad Rank (1-5) Package Style
R34 T M55342/6
2 ——————————
R25 T M55342/6
2

i -

i 93
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Figure 3.

e a2

Reflowed solder joint roughness.
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FPD Solder Joint Heel Fillet Height

a. Measure the length of reflowed solder paste wetting along the “calf” of the

FPD lead and report the result as a percent of the total length of the “calf".
Make these measurements at the locations listed in Table 19. Log and

record the results.

FPD Soidered Lead Dewetting

a. Examine the solder joints of the leads of the FPD packages at 10x and map
non-wet areas onto a grid. This grid will enable a measurement of the
percent of the soldered area of a lead that is non-wet. This mapping shall
be accomplished on five leads on each side of each FPD package. These
lead numbers are 1, 9, 17, 25, 33, 34, 42, 50, 58, 66. 67. 75, 83, 91. 99,
100. 108, 116. 124, and 132. Log and record the results.

FPD Soldered Lead Soldered Volume

a. Examine the solder joints of the leads of the FPD packages at 10x and rate
the volume of the solder in the solder joints by comparing them against the
standards shown in Figure 4. Examine the following leads on all FPD
packages on the PWB under test: 1, 9, 17, 25, 33, 34, 42, 50. 58. 66. o7.
75, 83, 91, 99, 100, 108, 116, 124, and 132. Log and record the results.

Solder Balis

a. Transmission x-ray and visually examine the assembled PWB (PWA) after in-
line cleaning. and locate the largest solder ball. If the solder ball is located
under a package. remove the package, and measure the diameter of the solder

ball using a microscope with a filar eyepiece.
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Table 19. Fine pitch device soldered lead heel filiet.

Component Pad Heel Fillet Height

ul 130
131
132

———— - —— —— — — —— — ——

W N

——— ———— s e —

64
65

—_—— — s ——— e — —

67
68
69
u20 130
131
132

64
65
66
67
68
69

96
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Component

U39

Table 19.
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Fine pitch device soldered lead heel fillet (concluded)

Pad
130
131
132

W N =

65
66

67
68
69

97
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(SN ETYY 2.0, ot l'(',aal:.-.\

MAGNIFICATION 8X

Figure 4. Reflowed solder joint volume.
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V. Al T, a. (cont’d)
If the solder ball is not hidden from view. use the microscope with the filar-
eyepiece to measure the diameter of the solder ball directly. Log and record
the results.
B. Single Point Design

1. Solder Joint Temperature

a. Mount five thermocouples on each PWB on the solder joints at UL-1. U20-1.
U39-67, U5-4 and U25-18.

b. Connect the thermocouple to the MOLE and run the PWBs through the ik

reflow oven. Log and record the temperature profiles.

vi. DATA REDUCTION

Using the data gathered by this experiment. the response sheets typified by Table 3 will be

completed for each response; and significant interstation process variables will be identified.

Additional statistical analyses of the data using analysis of variance (ANOVA) techniques will

yield variability, experimental error, and process capability indices data.




Interoffice Correspondence -R--.
TRW Avionics & Surveillance Group / 4 4

Subject Date From
Detailed Experimental Plan 12 February 1991 T. NEILLO
FPD Lead Tinning (ST20)
To ce Location/Phone
P. Glaser D. Cavanaugh RC4/1073/3605

P. Finkenbinder

J. Murray

P. Crepeau

SUBTASK 2

FINE PITCH DEVICE LEAD TINNING

This document presents the detailed experimental plan and procedures for performing
the Sub Task 2 experimental procedure. This experiment is designed to identify significant
inter-workstation process variables that affect several responses for the fine pitch device (FPD)
lead tinning work cell. The significant process variables were identified in a "brainstorming”
session among several manufacturing and process engineers. Figure 1 presents a cause and
effect diagram that identifies the process variables and responses for the FPD lead tinning work
cell. Those process variables that are being evaluated in this experiment have been encircled.
The process variables that are not encircled are intrastation variables that were previously

evaluated and reported.

Ranges (or levels) for the process variables were selected based on tolerances that were
expected to be encountered on the factory floor. These ranges, the instruments used to
measure the variables, and the reference to the source for the ranges are presented in Table 1.
Double asterisks identify those process variables being evaluated by this experiment. Responses
to be analyzed for the FDP lead tinning workstation, the instruments used to measure the

responses, the specification limits for the responses, and the source for the specification limits
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are presented in Table 2. This experimental design is a full factorial with three variables. No

reflection is required. One replicate will be run, however.

Table 3 presents the form that will be used for each response evaluated by this

experimental design. Columns AB, AC, BC, and ABC will be used for experimental eiion
measurements.

102
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COMPONENT
VARIABLES
«Tioned Lcod Aging  J
AN
(Xead Clesnliness )
" FPD LEAD TINNING
(Belly-To-Toe Dimension ) ™ RESPONSES
N\
' SOLDER POT N Soldered Lead Coverage
. VARIABLES . - % Soldered Lesd Non-Weting |
y lcicles
Solder Temperaure Immersion Depth .~ | Lead-To-Lesd Gap Reduction
/ Scldered Lead Dewetting
dere? 7 Flux Density  / ’ Saldered Lead Thickness
Nitrogen Blanket / ya
Pre-Hesat //
' , FLUX
VARIABLES

Figure 1. FPD component tinning cause and effect diagram.
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2rocess Variable

**Lead aging

**Lead cleanliness

**Belly-to-toe

dimension

"Calf” immersion

n flux

Flux density

Solder temperature

Wave smoothness

Nitrogen flow

Page 4
12 February 1991

Table 1. Process variable details.

Measuring Device/
Precision

Steam aging cabinet/

+/- 1 minute

10% soln. of oil/
+/- 1%

Microscan/
+/- 0.15 mil

Microscope with
filar/ +/- 0.2-mil

Sensby sp gr system/
+/- 0.001

Robot controfier/
+/- 1 deg F

Visual

Flow meter
+/- 1 scth

104

Variable

Range Specification
0 w0 8 hours Engineerig
(0 to 12 mos.) judgment
Clean 1o Enginecring
contaminated judgme:it

4 10 12 mils TRW cleaning

study
0 10 100% Baseline
document
0.885 o 0.895 Baseline
document

490 to 510 deg F MHL-STD-200¢

0 to minor Baseline
turbulence document
0 o 100 scfh Baseline

document

b A
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Response Variable

Solder coverage

at “calf”

Solder thickness

at mid- “"calf”

Non-wet solder

surface

De-wet solder

surface

Icicles

Lead-to-lead

gap reduction

Page 5

£,

12 February 1991

Table 2. Response variable details.

Measuring Device/

Precision

Microscope with

tilar/ +/- 0.Z-mil

Microscope with
filar/ +/- 0.2-mil

(cross section)

Microscope with
particle counting
grid/NA

Microscope with
particle counting

grid/NA

Microscope with
filar/ +/- 0.2-niil

Microscope with
filar/ +/- 0.2-mil

105

Specification
L

imit

25% 1o 100% of
lead below knee
(none at knee

bend)

0.1 o 1 mil

0 to 5% of

area

0 to 5% ol

arca

0 1o 10 mils

0 1o 1C mils

MM 1-6, 1-7

Engineerinyg

judgment

MM 1-9

MM 1-9

MM 1-9

Engineering

judgment
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Table 3.

Page 6
12 February 1991

Response table with interaction effects.

b (7™
Pt | ouser

o
C)

BC

@ 1] [ {O0 {i 10O 0O -

TOTAL

NUMBER
OF VALUES

AVERAGE

CFFECT
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. MATERIALS AND SUPPLIES

PWB - (None required)

Components

16 PB-F86259
Solder

QQ-S-571, Sn63, bar
Flux

Kester 185

Stencil - (None required)
Miscellaneous
96244 Protective gloves
Machine Cutting Oil

Solvent

Genosolv DMSA

Isopropyl Alcohol

Page 10
12 February 1991

Description

Kyocera. 25 mil pitch, 132 lead chip cariici.

Virgin Alloy

Kester Solder Co.
515 Touhy Ave
Des Plaines, IL 60018-2575

Jones Associates

Oil, petroleum, for contaminating leads

Baron Blakeslee, Inc.
2001 N. lJanice Avenue
Melrose Park, IL 60160

TT-1-735
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TOOLS AND EQUIPMENT

General purpose stereo microscope, 0.7x-3x zoom with an American Optical No. 424,
»
10x-filar eyepiece.

Dial Micrometer, Lutkin

Polaroid camera with macrolens (to assist in evaluation of solderability).

Steam Aging Cabinet Mountain Gate Engineering

1510 Deli Ave.
Campbell, CA 95008

Robotic Workcell, Model 1312 Gelzer Systems

425 Enterprise Drive
Westerville, OH 43081

PROCEDURE

NOTE:

Refer to the "SERIAL NUMBER/PROCESS VAKIADbLE
RELATIONSHIP MATRIX"” (see figure #2) when serializing the ri-D
packages to determine which variables arc forced for each :sc..al

number.

Select sixteen Kyocera, 132-pin fine pitch device (#PB-F86259) packages und
place a black ink dot on the lid of all sixteen packages to indicate pin #1
(see figure #5). Serialize them as KYO 572001 through -016.

Locate the following eight FPD package serial numbers and form their lcuds
to the minimum "belly-to-toe” dimensions (4 mils). Log and record ihc
serial numbers of these packages and their initial belly-to-toe measurement:
in table 4.

111
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Pin 65

I

ST2EQ0 Plan
Pin 132 Pirn 100
Fuy b indicator
Pin —————

—_—o

—————— /

—_— KYO

Pin 33 —e——— \\ 1
NGTE: Pin count runs counterclockwise
aroungd package when viewed
from the package 1op.
Pin 33 Fin €€
This egge taces tne ropot arm
N
h |

4 3 > 1
8 ? ] £
12 11 10 9
16 15 14 13
20 16 18 i

FIGURE #6
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Typical Serial
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FPD Serial Numbers

KYO ST2001 KYO ST2005
KYO ST2002 KYO S$T2006
KYO ST2003 KYO ST2007
KYO ST2004 KYO 572008

Locate the following eight FPD package serial numbers and form their lc.ds
to the maximum “belly-to-toe” dimensions (12 miis). Log and record uic

serial numbers of these packages and their initial belly-to-toe measuremet:
in table 4.

R
FPD Serial Numbers

KYO ST2009 KYO ST2013
KYO ST2010 KYO ST2014
KYO ST2011 KYO ST2015
KYO ST2012 KYO S5T2016

Locate the following eight FPD package serial numbers and subject them o

the steam aging process for a period of eight (8) hours.

FPD Serial Numbers

KYO ST2005 KYO ST2013
KYO ST2006 KYO ST2014
KYO ST2007 KYO S5T2015
KYO ST2008 KYO ST2016

Prepare the lead contaminating solution by adding 10 ml of machine cutting
oil (or equivalent) to 90 ml of isopropyl alcohol. Stir this solution genuly

until it appears to be homogeneous. Cover the solution tightly until needed.
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Locate the following eight FPD package serial numbers and dip their lcads
into the contaminating solution up to the top of the lead knee. Remove (hc
excess contaminant by placing the soiled devices on a soft lint ticc
absorbant wipe supported underneath by flat firm surface.

FPD Serial Numbers

KYO ST2003 KYO ST2011
KYO ST2004 KYO ST2012
KYO ST2007 KYO ST2015
KYO ST2008 KYO ST2016

Create one worksheet, similar to the one shown in Table 3, for each ot thc
six responses listed in Table 2 that are to be monitored (see figures #3 &
#4). Column A is assigned to "belly-to-toe” dimension; subcolumn 1 is 1m
minimum length; subcolumn 2 is for maximum length. Colunmn B s
assigned to "lead aging:” subcolumn 1 is for the as received condilivu;
subcolumn 2 is for the aged condition. Cotumn C is assigned to “lcad
cleanliness;” subcolumn 1 is for the uncontaminated condition; subcolumi 2

is for the contaminated condition. The remaining columns are 1

experimental error determinations.

. Run the experiment trials using the random number sequence as listed in

Figure 3, 'Random Sequence Number’ column.

Set up the component preparation side of the Gelzer robotic workcell minus
the part forming function and load the tinning program "TIN.BBF.”

114
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10.

11.

12.

13.

Page 15
12 February 1991

Place the appropriate 132-pin FPD packages into the preparation eleviios
tray #1 in accordance with the random sequence order number
starting with pocket #1 (see figure #6). With the feeder tray oriented .:
shown in figure 6. place the pin #1 indicator of each FPD in the upper Icit

hand corner of the teeder pockets. Tin, clean and inspect the leads of the

Tirst two (2) or thiee (3) devices.

Take some preliminary measurements to confirm that no other signific.ut
variables are affecting the process. Stop and contact the cognizant engince

if there appears to be any undocumented outside influences in the process.

Complete the balance of the initial experimental run as directed by thic

specific response worksheets.

Rerun the experimental matrix using the random number sequence as lisicd
in Figure 4, 'Random Sequence Number' column. This will result in .

replicate set of data to ‘aid in statistical analyses of the experiment.

V. RESPONSE DATA

A.

Solder Coverage

The solder coverage shall be quantified as a percentage ot lead solde
wet'ting where 100% coverage is defined as solder wetting up 1o, but ot
into, the lead knee. Use a microscope to make these measurements .nd
enter this data into table #5. The leads designated for data collection i

the measurement conventions are delineated in table #5.
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B. Non-Wet Solder Surface

1.
D. lcicles
1.
NOTE:

Examine the soldered lead surfaces of the formed and tinned FPD packages
for evidence of solder non-wetting. Map any non-wet areas onto a grid nd
record this information as prompted in table #6. The grid will enable a

measurement Oof the percent of the tinned area of a lead that is non-wel.

C. Dewetted Solder Surface

Examine the soldered lead surfaces of the formed and tinned FPD packares
for evidence of solder dewetting. Map any dewetted areas onto a geid .ud
record this information as prompted in table #7. The grid will enablc a

measurement of the percent of the tinned ares of a lead that is dewertted.

Visually scan the formed and tinned leads of each FPD package for evideuce
of icicling. Count the total number of icicles encountered for each side ul
the FPD package and record this information in table #8. Identity the lcad
that represents the worst case of icicling for each side of the package. U:c
a filar eyepiece on a microscope to measure the length of that worst Cusc
icicle to a precision of 0.2-mil. maximum and record this information in tuble

44
48,

Do not confuse icicling with toe burrs. An icicle is formed purcly
from the solder on the lead. Contact the cognizant engineer (or
clarification if any doubt exist as to whether a suspected icicle is wuly

that or a toe burr (See table #8).
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E. Lead-to-Lead Gap Reduction

1. Visually scan the formed and tinned leads of each FPD package for evidence
of lead-to-lead gap reduction. Identify all lead-to-lead gap spaces that ac

mils or less and record the number of occurrence for each side of the FI-D

(4]

package 3z prompred by table #9. Identify the lead-to-lead gap uh.at
represents the worst case ot gap reduction due to solder for each side ot
the FPD package and record this data in table #9. The measurement
convention is delineated in a diagram located with this table. Use a tilas
eyepiece on a microscope to measure that worst case gap reduction to &

precision of 0.2-mil, maximum.

F. Solder Thickness &t Calf

1. After all other response data have been gathered. microsection the leads o1
the FPD packages and measure the thickness of the solder at the mid-"cuil”
sections of the formed and tinned leads on each side of each package. The
specific leads to be measured are delineated in table #10. Recoid ull
pertinent data in this table. The average thickness of the solder coating

shall be calculated in accordance with the diagram located with table #10.
I DATA REI UCTION

Using the data gathered by this experiment, the response sheets typified by Table 3 will

be completed for each response; and significant interstation process variables will be identified.

Additional statistical analyses of the data using analysis of variance (ANOVA} technigues
will yield variability, experimental error, and process capability indices data.
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Table #4

Initial Belly-to-Toe data collection sheet
(Use one sheet for all devices)

p

Page 18
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Belly-1o-Toe
Cimension

Avg Belly-to-Toe Dimension

Avg Dim of

Serial Number

Side 1| Side 2 | Side 3| Side 4

All Four Sides

KYO

ST2001

KYO

ST2002

KYO

ST2003

KYO

ST2004

KYO

ST2005

KYO

ST2006

KYO

ST2007

KYO

ST2008

KYO

ST2009

KYO

ST2010

KYO

ST2011

KYO

ST2012

KYO

ST2013

KYO

ST2014

KYO

ST2015

KYO

ST2016
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Non-Wetting data collection sheet

Table #6

Typical Non-We! Area
(Viewed ihrough gna)

(One sheet for each device)

Device serial number

Page 20
13 February 1991

)
I %‘ll“"

Side 1

Side 2

Side 4

Lead %
Number

Non-wet

Lead %
MNumber

MNon-wet

Lead
Number

Side 3

“o
HNon-wet

Leag ‘e
fiumber | Non-wet

—_ - —]
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Table #7

Typica! De-Wet Area

De-Wetting data collection sheet (Viewea through gria)
(One sheet for each device)
Device serial number

Side 1 Side 2 Side 3

Lead % Lead % L ead %6
Number | De-wet | Number | De-wet [Number | De-wet

$H:

dloO L fw |-

+ ) -2 | - p—

Halals o[]S oo ]m

— —_ |

w |®

(@]

SHO [ e I -
—te

Do fryfrojrofragrofrofrogo]— |-

[Tel Ke ¢

(ar

[¥%)

.
N -

()
1o

L
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Table #8

Icicle data collection sheet
(Use one sheet for all devices)

Measurements are 10 be in mils

(Thousandths of an inch) i

Serial Number

Page 22
13 February 1991

- T icicle — <

iclcle Dimengion Toe burr 4

Icicle Count and Worst Case Dimension

Worst Case
lcicle For

| Side 1

Side2 | Side 3
icicle Icicle b icicle :3 icicie

Count | “*** [Count| ~* |Count { -*3* | Coum

Side 4

All 4 Sides

KYO

ST200t

KYO

ST2002

KYO

ST2003

KYO

ST2004

KYO

ST2005

KYO

ST2006

KYO

ST2007

KYO

ST2008

KYO

ST2009

KYO

ST2010

KYO

ST2011

KYO

ST2012

KYO

ST2013

KYO

ST2014

KYO

ST2015

KYO

ST2016
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Table #9

Lead-to-Lead Gap Reduction data collection sheet
(Use one sheet for all devices) _

/ 1

/

tAeasurements are to be in mils
{Thousandths of an inch)

- Worst Case
Side1 | Side?2 | Side 3 | Side 4 For
— All 4 Sides

Serial Number {count| . |count| - Coum\ -t fCoum ) Ll

KYO ST2001

KYO ST2002

KYO ST2003

KYO ST2004

KYO ST2005

KYO ST2006

KYO ST2007

KYO ST2008

KYO ST2009

KYO ST2010

KYO ST2011

KYO ST2012

KYO ST2013 i

KYO ST2014 !

KYO ST2015

' KYO ST2016
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Interoffice Correspondence -
TRW Auvionics & Surveillance Group ’;!"

Y1.Q60Z.PCL.ST31

Subject Date From —‘\}C
Detailed Experimental Plan 11 February 1991 P CREPEAU
Component Standoft (ST31) :
lo se Lesetion/Phone
i’. Glaser . Cavanaugh i(4,1073/3182
P. Finkenbinder
J. Murray
T. Neillo
I INTRODUCTION

This 10C presents the detailed experimental plans and procedures for performing the
Subtask 3, Part 1 experimental procedure. This experiment is designed to identify
significant inter-workstation process variables that etfect several responses for the
Component Stand-Off workcell.

The significant process variables were identified in a ‘brain storming’ session among
several manufacturing and process engineers. Figure 1 presents a cause and ettect
diagram that identifies the process variables and responses for the Component Stand-
Off workcell. The encircled process variables are those being evaluated in tius
experiment. The unenclosed process variables are intra-station variables that were
previously evaluated and reported.

Ranges (or levels) for the process variables were selected based on tolerances that
were expected to be encountered on the factory tloor. These ranges. the instruments
used to measure the variables, and the reference to the souwrce tor the ranges are
presented in Table 1. Asterisks identify those process variables being evaluated by this
experiment. The response to be analyzed for the Component Stand-Off workstation.
the instrument used to measure the response. the specification himit tor the response.
and the source for the specification limits are presented in Table 2 This experimental
design is a fractional factorial with seven process variables. One retlection 1s requwred
to resolve potential interaction effects. One replicate will also be run. Table 3
presents the form that will be used for the response evaluated by this expernnental
design.
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MATERIAL PROPERTYV
| VARIABLES

(Film Meautacturer

(PWB Plating Style ) \

. COMPONENT STANDOFF
B RESPONSE
Dot Height
(fLunhuﬂnn1%ngnnnh;ﬁ\/// i E!Po.lahnﬂuny) t
( Lamination Lag Time / {Developer Te ),
(Antwork Type ) s
LAMINATION
VARIABLES IMAGE
PROCESSING l
VARIABLES
Figure 1
Component Stand-Off
Cause And Effect Diagram
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Process
Variable

Oty film
developer
teniperature

Dry film
expasure
intensity

Solder mask
vendor

PWB plating
style

Lamination
temperature

Lamination lag
time to proc-
essing

Style of
process film

Table 1

Process Variable Details

Measuring
Device/
Frecision
Thermocouple
indicato

+/- 1 deg F
Watt meter
+/- 10 watts

Invoice

Invoice

Thermocouple/
+/- 1 deg C

Clock/
+/- 10 mins

Visual

Vanable
Range

90 to 105 F

2500 to
5000 watts

DuPaont and
Dynachem

Fused tin-lead
and sulder dip
and hot air
leveled

Nominal
+/- 5 deg C

Nominal plus

24 hours

diazo and
silver halide

Process variable being studied by this experiment
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Specinication

Vendor product data

Vendor product data

TRW design options

TRW design options

Vendor product data

Vendor product data

General shop practice
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Response
Variable

Stand-off dot
height

Table 2

Response Variable Details

Measuring Specification
Device/ Limit
Precision

Surface Gauge/ 4 to 6 mils
+/- 0.1 mils

128
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Specitication

Baseline document
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Table 3

Response Table With Interaction Efrects

Rogpanes A

T
&
&
&
Q

AC

i
4
F

DI~ {® O | O | |

TOTAL

NUMBER
OF VALUES

AVERAGE
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MATERIALS AND SUPPLIES

Page 6
11 February 1991

PWB.-
Qty PIN Description
12 7865824 Sulder Mpped and hot an leveled,
nou NiduCial stretch
Serial Numbers A-26. -30. B-60. -65. -67. -75, -78, -82. and four
that are thd
12 786582C Fused tin-lead, no fiducial stretch
Serial Numbers C-106. -131, D-155, -157, -158. -160. -176. -182,
and four that are thd
Artwork.-
PIN Description
T786582-5/2 0.020-in pad diameter solder mask pattern

Solder Paste.- (None required)

Stencil.- (None required)

Miscellaneous.-

96244 Protective gloves

Solvents -
Isopropyl alcohol

1.1,1-Trichloroethane

Jones Associates

TT-1-335

MIL-T-81533

130
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TOOLS AND EQUIPMENT
Dry film laminator

Dry film exposure umit

Dry film developer

Surface gauge

Thermocouple surface temperature indicator

PROCEDURE

1. Select four 786582A or -B PWBs and serialize as ST3P1A-26. -30. -B-60, and -65: select
four 786582C or -D PWBs and serialize as ST3P1C-106. -131, -D-155. and -157. These wili
represent the two ditferent styles of PWB solder finishes.

2. Select two different dry film solder masks vendors and one dry film solder mask from
each. Log and record the identification.

3. The worksheet shown in Table 7 is to be used to run the first experimental matrix for the
‘height’ response listed in Table 2. Column A is assigned lo the 'Dry Film Vendor'. sub-
column 1 is for ‘DuPont’, sub-column 2 is for ‘Dynachem’. Column B is assigned to the
‘Exposure Intensity’; sub-column 1 is for ‘2500 watts’; sub-column 2 is for '5000 watts
“olumn C is assigned to the 'Developer Temperature’; sub-column 1 is for ‘90 deg F': sub-
column 2 is for the ‘105 deg F. Column AB is assigned 1o the "Lamination Temperature’.
sub-column 1 is for ‘Nominal Minus 5 Deg C': sub-column 2 is for ‘Nominal Plus 5 Deg C'.
Column AC is assigned to the 'Lamination Lag Time’; sub-column 1 is for "Zero Lag Tine'
sub-column 2 is for a 24 Hour Lag Time'. Column BC is assigned to the PWE Plating
Style’; sub-column 1 is for ‘Fused Tin-Lead’; sub-column 2 is for "Solder Dipped and Hot An
Leveled”. Column ABC is assigned to the 'Process Film Style; sub-column 1 1s tor "Diazo
filin’; sub-column 2 is for "Silver halide film’.

4. Use the randomized run numbers in the "Random Order Trial Number” column. Sequence
the experiment trials using this random sumber sequence.

5. Clean the serialized PWBs in accordance with Lhe applicators recommendations.

6. Laminate, store, expose. and develop the dry-film solder mask onto the PWSB for all the
appropriate conditions indicated for the particular expernnent being run. Use this processed
PWB to collect data for the singie response listed in Table 2. Repeat until all eigin
experinents have been run.

7. The sub-column 1 and 2 range assignments for each process vanable column in the Table
7 test matrix were inverted to create the Table 8 worksheet. The run order was
rerandomized. Using this new experimentlal matiix, rerun the experiment. This will result 1n
reflected set of data to aid in the isolation of mtersction ettects beiween the process variables
assigned to columns AB, AC, BC. and ABC.
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7.a. The serial numbers of these PWBs are: ST3P1B67. -75. -78, -82, and -75 for the solder
dipped and hot air leveled PWB styles: and ST3P1D158. -160, -176. and -182 ior the tused

tn-lead styles,
RESPONSE DATA

Solder Mask Dot Height. 20-Fin LCC Fattern. Adjacent t. Fattérn

1. Using a surface gauge. measure the developed solder mask dot heights adjacent to
tootprint patterns at the locations listed in Table 4.

Solder Mask Dot Height, 20-Pin LCC Pattern. 50 Mils from Fattern

1. Using a surface gauge. measure the developed solder mask dot heights 50 mils from
adjacent footpriut patterns at Lhe locations listed in Table 4.

Solder Mask Dot Height. 28-Pin LCC Pattern, Adjacent to Pattern

1. Using a surface gauge. measure the developed solder mask dot heights adjacent to
footprint patterns at the locations listed in Table 5.

Solder Mask Dot Height, 28-Pin LCC Pattern. 50 Mils from Pattern

1. Using a surface gauge. measure the developed solder mask dot heights 50 mils from
adjacent footprint patierns at the locativus listed in Table S.

Solder Mask Dot Height, 32-Pin LCC Pattern, Adjacent to Pattern

1. Using a surface gauge. measure the developed solder mask dot heights adjacent to
footprint patlerns at the locations listed in Table 6. :

Solder Mask Dot Height. 32-Pin LCC Pattern. 50 Mils from Pattern

1. Using a surface gauge. measure the developed solder mask dot heights 50 mils from
adjacent footprint patterns at the locations listed in Table 6.

Note.- The 132-pin FPD is kept off of the PWB surface by its lead form and does not
require solder mask standoffs. Also. solder mask standoffs are not required under chip
components.

DATA REDUCTION

1. Using the data gathered by this experiment, the response sheets typified by Table 3 will
be completed for the responses: and significant interstation process variables will be identified.

2. Additional analyses of the data using analysis of variance (ANOVA) techniques will yicld
variability, experimental error, and process capability indices data.

132




ST3E1 Plan Page 9
11 February 1991

3. The analysis and comparison of the reflected matrix with the straight matrices will enable

process variable interaction etfects to be isolated tor those variables assigned | A
AC. BC. and ABC. ssigned to columns A5
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'
Table 4
Standoff Heights 4
30-Fin LCGCs
.’
)J ~ -~
oo {
b 1L TR
) (
|, BL BR ( i
L J L J q

Standoff Height, mils
Component | separsied | adjacent |
TL | TR BL | BR

uo2 .
Uos ‘
U19
U28
U33
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Table 5

Standoff Heights
28-Fin LCCs

:)V N NS N NS \JC
D @ ® (
» TL TR ¢
3 q
' BL BR <
) o o
\’/\ o o~ ]
Standoff Height, mils
Component | separaied adjacent
TL | TR BL | BR
uU22
U268
U31
U35
U337
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Table 6

Standoff Heights

32-Pin KLCGCs

N

D @ ® |
p TL TR ¢
D d
D ;
D g
P BL BR
) e o (
D o m g
Standoff Height, mils
Component | separaled adjacent
TL | TR | BL | BR
U22
U268
U31
U3s
U3z
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Table 7

‘Normal’ Experimental Run Matrix’

il A B C AB | aC | BC | ABC
order | Qe et | DryFilm Exposure | Developer | Dry Film Lry Film | PWB Style | Process Fiim 5
Number | Number Vendor Intensity | Temperature | Lam. Temp. Proc Lag Tinig Syle r
watls degF C from nom hours diazo/halide ;J

E

[+

1 2

1 2 1 2 1 2 1 2 1 2 1

il il Ong e
[+ FESER- YRR SRR NN R
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Table 8

‘Reflected’ Experimental Run Matrix

Page 14
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e A B C AB AC BC ABC R
R e A m '12;‘;;:2:; LDaz.P:ruemmp. Prlo)cwlzh’?imq PWB Siyle | Progess E
walts degF C from nom hours diazo/halide gl
1 2 1 2 1 2 1 2 1 2 1 2 1 2 | E
6 { 1 |Diss Dyn 5000 106 | -5 0 fused halide
4 | 2 | B& Dy 5000 | 90 5 % ar | diszo
8| 3 |8m Dyn | 2800 108 4| o or | diso
2| 4 |p1e Dyn | 2500 %0 +6 24 | fused hatide
1 S | p1m| D 5000 108 +% 24 | fused diazo
5| 6| pm| ow 8000 | 90 4| o oir halide
71 7| se2| Dw 2500 108 | -5 ) air halide
3| 8 |pis| Dw 2500 90 X3 0 fused diazo
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Subject Date From
Detailed Experimental Plan 26 January 1991 P. CREPEAU
PWA Cleaning (ST32)
To ce Location/Phone
P. Glaser D. Cavanaugh RC4/1073/3182
P. Finkenbinder
J. Murray
T. Neillo
l. INTRODUCTION

This 10C presents the detailed experimental plans and procedures for performing the
Subtask 3. Part 2 experimental procedure. This experiment is designed to identify
significant inter-workstation process variables that effect several responses for the
PWA Cleaning workcell.

The significant process variables were identified in a ‘brain storming’ session among
several manufacturing and process engineers. Figure 1 presents a cause and effect
diagram that identifies the process variables and responses for the PWA Cleaning
workcell. The shaded process variables are those being evaluated in this experiment.
The unshaded process variables are intra-station variables that were previously
evaluated and reported.

Ranges (or levels) for the process variables were selected based on tolerances that
were expected to be encountered on the factory floor. These ranges. the instruments
used to measure the variables. and the reference to the source for the ranges are
presented in Table 1. Double asterisks identify those process variables being evaluated
by this experiment. Responses to be analyzed for the PWA Cleaning workstation. the
instruments used to measure the responses, the specification limits for the responses.
and the source for the specification limits are presented in Table 2. This experimental
design is a fractional factorial with five process variables. Columns BC and ABC will
be used for experimental error measurements. One reflection is required to resolve
potential interaction effects. One replicate will also be run. Table 3 presents the turin
that will be used for each response evaluated by this experimental design.
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-

Figure 1

Component Stand-Off
Cause And Effect Diagram

( REFLOW CONDITION
VARIABLES
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Process Variable Details

Process
Variable

Time since

reflow

Reflow
temperature

Nitrogen
environinent
Component stand-

off height

Solder paste
vendor

Solvent
temperature

Conveyor speed

Spray 2one
temiperatures

Process variable being studied by this

Tabl- 1

Measuring
Device/
Precision

Timer/
+/- 1 min

Thermocouple/
+/- 1 deg C

Oxygen
analyzer/
+/- 2 percent

Surface gauge/
+/- 0.1-mils

not applicable

Thermocouple/
+/- 1 deg C

Common oper-
ator inter-
face/+/- 0.1
fpm

Common oper-
ator inter-
face/+/- 1 psi

Variable
Range

0 to 30 mins
210 to 220
deg C

70 to 98
percent

4 to 6 mils
Metech and

Multicore

140 to 160
deg F

1 to 3 fpm

40 to 50 psi
and 170 to
190 psi **

experiment

40 to 50 psi applies to nominal spray pressuies of 45 psi
noniinal spray pressures of 180 psi.
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Specification

Baseline document

Baseline document

Baseline document

Baseline document
TRW solder paste
evaluation

Baseline document

Baseline document

Easeline document

: 170 to 190 psi applies to
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Response
Variable

Visual
‘‘eanliness

lonic
cleanliness

Table 2

Response Variable Details

Measuring Specification
Device/ Limit
Precision
Comparison 1 to 5 units
to visual
standards/
+/- 1 unit
lonic contam- 0 to 10 ugm
ination test- NaCl/sq in
er/+/- 1 ugm :
NaCl/sq in

142
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Specification

MiL-P-28809

MIL-C-28809
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Response Table With Interaction Effects

Table 3
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TOTAL
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" MATERIALS AND SUPPLIES
PWB.-
Qty PIN

24 786582A

Components.-

Qty PIN
72

432

240

192

912

1008

144
Solder Paste.-

Metech RHF63

Multicore SN62RM92A90

Stencil.-

T786582-6/1
T786582-6/2

Dry Film Solder Mask.-

DuPont xx yy

Page 6
26 January 1991

Description

Solder dipped and hot air leveled,
no fiducial stretch

Description

132-pin. NTK. FPD package
20-pin, LCC

28-pin, LCC

32-pin, RLCC

M55342/6. chip resistor
CDRO02. chip capacitor

CWRO06, chip capacitor

Metech, Inc
Route 401
Halvetson. PA 19520

Multicore Solders
Cantiague Rock Road
Westbury, NY 11590

6/12 thickness

E.l. DuPont de Nemours
Wilmington, DE

144
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Dynachem xx yy Dynachem. Corp
2631 Michelle Dr
Tustin, CA 92680
Solder Mask Artwork.-

T786582-5/1

T786582-5/2

Miscellaneous .-

Palette knife, plastic Holbein

Bristle brush

Shamis 99-150 cleaning cloth Affiliated Manufacturers, Inc.
96244 Protective gloves Jones Associates

Solvents .-

Isopropy! alcohol TT-1-335
1.1.1-Trichloroethane MIL-T-81533

I TOOLS AND EQUIPMENT

General purpose stereoscope, 0.7X to 3X zoom with an American Optical No. 424,
10X. filar eyepiece

Screen Printer No. 24-ASP MPM Corporation
10 Forge Park
Franklin. MA 02038

Malcom Viscometer  Austin American Technology
12201 Technology Blvd.
Austin, TX 78727
Gelzer Robot Gelzer Systems
Westerville, OH
In-Line Cleaner, CBL-18 Baron Blakeslee
2001 N. Janice Ave.
Melrose Park, IL 60160

Stencil Cleaner Tooltronics, Inc.
710 Ivy St.
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Microscan
IR Reflow Oven, Model SMD 722

lonic Contamination Tester
Model ICOM 4000

Page 8
26 January 1991

Glendale, CA 91204

CyberOptics Corp.
2331 University Ave. S E.
Minaeapolis, MN 55414

Vitronics Corp
40 Forge
Haymarket, NH

Westek. Inc.

400 Rolyn Place
Arcadia, CA 91006
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IV PROCEDURE

1. Select 24 786582A PWBs and serialize as ST3P2001 through -024, and set aside
in groups of eight for the three experiments being run.

2. Create one worksheet similar to the one shown ir Table 3. for each of the
responses listed in Table 2, that are to be monitored. Columin A is assigned to the
‘Nitrogen Environment’; sub-column 1 is for 79 percent nitrogen; sub-column 2 is for
98 percent nitrogen. Column B is assigned to the 'Reflow Temperature’; sub-column 1
is for ‘210 deg : sub-column 2 is for ‘220 deg C'. Column C is assigned to the
‘Time Since Reflow’; sub-column 1 is for "zero time’; sub-column 2 is for the ‘zero
time plus 30 minutes’. Column AB is assigned to the 'Solder Paste Vendor'; sub-
column 1 is for 'Metech’; sub-column 2 is for 'Multicore’. Column AC is assigned to
the 'Standoff Height': sub-column 1 is for "“our mils standoff’; sub-column 2 is for
‘'six mils standoff’. Columns BC and ABC are reserved for experimental error
determinations.

3. Randomize the “Standard Order Trial Numher” column, and enter the appropriate

random number in the "Random Order Trial Number” column. Run the experiment
tnials using the random number sequence.

4. Completely process the PWBs using all of the nominal processing variables used in
these subtask studies. The exceptions, of course, are those process variables being
investigated for this specific subtask. *

5. Invert the sub-column 1 and two range assignments for each process variable
column in the test matrix. Rerandomize the run order numbers and. rerun the
experimental matrix. This will result in a reflected set of data to aid in the isolation
of interactive effects between the process variables assigned to columns AB, AC, RC,
and ABC.

RESPONSE DATA

A. Visual Cleanliness

1. Scan the entire PWA and compare and rank the cleanliness against the visual
standards presented in Figure 2.

B. lonic Contamination

1. Measure the cleanliness of the PWA using the Westek ICOM 4000.
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Figure 2

Visual PWA Cleanliness Standards

NC CTNTAMINATICN /ISIELE REZARLCLESS
CFLIGHT TR MAGNIFICATICN /MAX 30

SCCE CF VISIEILITY, TRANMSPARENT

CRY RESICUE

EASILY VISIELE, TEANSPARENT CRY

4 LIGHT DEPCSIT OF WET FLUX
5 HEAVY DEPOSIT CF WET FLUX
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DATA REDUCTION

1. Using the data gathered by this experiment. the response sheets typified by Table

3 will be completed for the responses; and significant interstation process variables
will be identified.

2. Additional analyses of the data using analysis of variance (ANOVA) techniques will
yield variability, experimental error, and process capability indices data.

3. The analysis and comparison of the reflected matrix with the straight matrices will

enable process variable interaction effects to be isolated for those variables assigned
to columns AB and AC.

\ . 1‘49
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Fine Pitch Device Forming (ST40)
To ce Location/Phone
P. Glaser D. Cavanaugh RC4/1073/3605

P. Finkenbinder

J. Murray

P. Crepeau

SUBTASK 4

FINE PITCH DEVICE LEAD FORMING

I. INTRODUCTION

This document presents the detailed experimental plan and procedures for performing
the Sub Task 4 experimental procedure. This experiment is designed to identify significant
inter-workstation process variables that effect several responses for the fine pitch device lead
forming (FPD) work cell. The significant process variables were identified in a
"brainstorming” session among several manufacturing and process engineers. Figure 1
presents a cause and effect diagram that identifies the process variables and responses for
the FPD lead forming work cell. The shaded process variables are those being evaluated in
this experiment. The unshaded process variables are intrastation variables that were

previously evaluated and reported.

Ranges (or levels) for the process variables were selected based or tolerances that
were expected to be encountered on the factory floor. These ranges, the instruments used
tc measure the variables, and the reference to the source for the ranges are presented in
Table 1. Double asterisks identify those process variables being evaluated by this
experiment. Responses to be analyzed for the FPD lead forming workstation, the

instruments used to measure the responses, the specification limits for the responses. and

the source for the specification limits are presented in Table 2. This experimental design is
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4 lull factorial with three variables. No reflection is required. One replicate will be run,

however.

Table 3 presents the form that will be used for each response evaluated by this

experimental design. Columns AB, AC, BC, and ABC will be used for experimental error
measurements,
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"FORMING PRESS
Pressure VARIABLES
Closure Speed ™\ ‘
FPD LEAD FORMING
RESPONSES
\\ Skew
— Coplanarity
o Belly-To-Toe Dimension
MFONENT | (Lot Gotiaarty) /| -
VARIABLES ] -, :oe-To-Toe Dimension
/ e one
/ Toe Burs

Figure 1. FPD component forming fishbone chart.
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Process Variable

Die pressure

Die closure rate

**Lead colinearity

++Lead thickness

**Lead package egress

Table 1.

Measuring Device/

Precision

Pressure gauge/
+/- 1 psi

Stop watch/
+/- 0.1 sec

Microscope with
filar/ +/- 0.1-mil

Micrometer/
+/- 0.1-mil

Microscan/
+/- 0.1-mil

154
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Process variable details.

Variable
Range

80-90 psi
85 psi nominal

0.055-0.057 ft/s
0.056 ft/s nom.

+/- 3 mils from
orthogonal

5 to 8 mils
From top of

package or side
of package

Specification

TRW EOP

TRW EOP

Engineering

Vendor drawing

requirements

Vendor drawing
requirements

e

e $ $  ERE ARENS e
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Kesponse

Variable
Skew

Coplanarity

" Belly-to-toe”

Jimension

" Toe-to-toe”
dimension

"Toe” angle
Jimension

"Toe” burrs

Page 5
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Table 2. Response variable details.

Measuring Device/

Precision

Microscope with
tilar/ +/- 0.1-mil

Microscan/
+/- 0.1-mil

Microscan/
+/- 0.1 mil

Coordinatograph/
+/- 0.1-mil

Microscan/
+/- 0.1-mil

Microscope with
filar/ +/- 0.1 mil

155

Specification
Limit

-2 to +2 mils
trom orthogonal

4 mil maximum
deviance

10 mils!
+/- 2 mils

Nominal/
+/- 5 mils

+/- 15 deg from
horizontal

1x lead
thickness, max.

.. -STD-2000

Engineering

TRW drawing

TRW drawing

MIL-STD-20060

MIL-STD-2000
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Table 3. Response table with interaction effects.

Trad
§ Numbay

| |on f Jea oo Jo=

TOTAL

NUMBER
OF VALUES

AVERACE

156




Page 7

2 2inbi4

5 February 1991

T4EO Plan

<
-

157

g X X PP X 300PLS O

g XX A X A X 2O0P1LS Oy

3 XX <K KX J0OPLS Oy

3 X< KN KK SOOPLS Uy

> XK £ X K POORLS L

3 XX %< L COOFLS vy

- <X < <A J00PLS O

2 W NS e tOOPLS O

2 XX AL XX 800PLS wvId)

2 XX % Xox 200PLS I

| XX KX XA J00WLS Vi)

! XX XX XX GOOpPLS Vi)

b XX AX XX POOPLS WvId

74 XX AX AX c0opPLS vid

- X X AKX XX cOOpLS vid

19 AX A X XX LOOPLS VI

eondayl ey | stw e+ | spwg- | ospuy | spw g L e1e0Ay | uoseng |isquuny RIS,
I3HUNN uny M3XYS pea SSaUMII | PR 51A1S abeyoey

X1\ diysuolje|ay o|gelie A ss90014/1equinu [eles




Page 8

5 February 1991

ST4EO Plan

C 1Nl 4
pie . . Pris g~ 1o . g B PPNy FEiN - -
S ELEEh b a R tNavL:
sl .,i
F B WWA M‘ M 14 111 Y*—A N m m
Ve H T HHHTEE .
: i i FEH P EH .Mmmu IV Wy 204 0y
¥ m. m T .)H_ﬁ THHH LﬂTﬁ _ H0vLS
itk it . €
e R R R U R ) g swu g 20AA 20 tH
* 11 hadpe 11 . (1
e T
(1] jengsiblsnsg THT HHIHT
R R HH ﬁ 9 /
] HEERH 1T TR COVEN 2043 J0 Lo
[ i T a Mr .Ahﬁ. sesiks .‘wn AA‘ 1
H 111 t - r . . HATHHH 1. SOOv1LS
U HHEH Sabssenansabansandbsse] :
s R S S
1i)eess tH : m 1 3] :m AT nu € g 3040 JOr 4
HIHT T N €00pLS
. 44
i HOY YT TVANIWIHIAX3 |1 b 2
] f % T T T iw..IL pwce saw g viq i}
qaehas 1T ros : s HH
sephedigisnape 1 + + LOOFLS
H Sfipansy + = h
H 3 - H 44 b
HHHH ST : € |
H{EH 1 ] + HH, g snw g viQ vIq
: HHHE 200v1S
4144 i ? 1
] : : 2 é 9
ade T ] : : rwee s g vig vig
: S00V1S
: 3 v
Y h pug sqw g viQ vig
H 1 . . 0 . y .
t 19y fdoid [ 19y [doig | 1oy | doid oawn JAqUINN
! + MaYS SsauaY L PSS m”h N aJuanbag
I : : peal pes’ abexyord d wopuey
) 4 e £ [ 4
s9)8]S 9|qelIR A [BN1OY/pasodol
18lS 8|qBLEBA [BNIOY/P d uny [eniu|

Xljjew ubissp |ejuswiiadxs [sweu asuodsal]j

'1193%10AMA 3110q0 Y

158




159

p 3NG4
.lHHLLWmAm.WLA Suais AR AID A T TW‘““ —_w;wh L
T AT T HE B
T 1 1] N
* . asges H .
- . . HHTHL o e sww IS ®_ : —
o T 1+ 1 H 91T IH: SR s PN A
(=] T bt N
=) has SOOrLS
Q0 v 4+ H-
3 iR R
e w anir s suagn i M .rx. . N. m
3 ;w s xlm usfipey I #H;p e 1] .1.1 3 .ﬁ UK R MWIAA ) U4
K, HHHET ] I R ROOPLS
il R
“ HHEH SRS e S HHEB D 9 Z
“m TR HE i M ww g s WIA SO
1 : : T T JWT 900013
HiHTHH eus r aad .Lh G 9
HIBTHELT i THHHS IWL I T ! g BT IGAA V|
3 Y 1 T s syduddh
Seapdsatstaatiie: . Fans atisagiages uu A
HiH ]
i HOYY3 TVANIWIY3dX3 [HE] b /
THE HMH + - + wx. : + bmwr. 1 1 .m nuge NTORY) vI0) vid
- u%. 188 M N -
dagh I% . : ssgsesaast - coorL L
HH 1 : T s MU q
HHH T L T S g sHus g va Vi
i 1 % T : 3 8OOV LS
eu I .
.THT - w WW AI“ N m
_v.rﬁx. 11 - 1 ; w pw g S vid Vi)
T | H 0071
4 +
L ahabsalin T —. m
s i sssn i nwe spw g via Vi)
E HHE r@um ‘19v [doig [ 10ov [doiy [ oy [doigq 19QWNN
H H Ma%S SSaUNIIY YL =TT _mmr:“z 3ouanbag
1 } ia: pea’ pes’ sbexoey wopuey
e 1 Y
S9)BlS 8|qQRlIB A |BN)ay/pasodoid uonealdey
[
)
= N T
& X[JJelW ublSap |ejuswiiadxa [eWeu asuddsal] T||834I0AA 2110q0 Yy
o
-r
T
W
- . 4 L
e — S—— v———



ST4EO Plan Page 10
5 February 1991

i MATERIALS AND SUPPLIES

PWB - (None required)

Lomponents

Qty P/N Description
8 132-pin FPD Kyocera
8 132-pin FPD Diacon

Solder paste - (None required)
Stencil - (None required)
Miscellaneous - (None required)

Solvents - (None required)

. EQUIPMENT, TOOLS AND SUPPORTING DOCUMENTATION
Gelzer integrated preparation and placement workstation (Model #1312).

EOP 10160 (Equipment Operating Procedure for the Gelzer Preparation and Placement
Workstation)

General purpose stereo microscope, 0.7x-3x zoom with an Ameiican Optical No. 424, 10x-
filar eyepiece.

Microscan CyberOptics Corp.
2331 University Ave SE
Minneapolis, MN 55414

Dial Micrometer Lukins or equivalent

Coplanarity measurement aids TLOO1-FORM-1
TLOO1-FORM-2
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PROCEDURE
A.
NOTE: Refer to the "SERIAL NUMBER/PROCESS VARIABLE RELATIONSHIP

MATRIX” (see figure #2) when serializing the FPD packages to
determine which variables are forced for each serial number.

Procure eight each of the lidded Kyocera and Diacon 132-pin FPD packages
and place a black ink dot on the lid of all 16 packages to indicate pin #1
(see figure #5). Use the same convention for each part type!

Select four Kyocera and four Diacon 132-pin FPD packages. measure their
lead thickness, and have them copper, nickel, and gold plated to an additional

3 mils of thickness. Serialize them as KYO ST4001 through -004 and DIA
ST4001 through -004.

Select four Kyocera and four Diacon 132-pin packages. Measure their lead

thickness. Serialize them as KYO ST4005 through -008 and DIA ST4005
through -008.

Locate the following FPD serial numbers and skew the indicated leads -3 mils.
from the orthogonal, at a point located 0.180" tiom the package body (sce
figure 7}):

FPD SERIAL NUMBER

DIA ST4001 KYO ST4001
DIA ST4002 KYO S5T4002
DIA ST4005 RYO ST4005
DIA ST4006 KYO ST4006

161




I o

ST4EO Plan

Pin 132

Pin 1 Indicator

Fin 150

Page 12
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SIDE 1:

SIDE 2:

SIDE 3:

SIDE 4:

Page 13
5 February 1991

SKEWED LEAD NUMBERS

1, 2, 3, 16, 17, 18, 31, 32 and 33

34, 35, 36, 49. 50, 51, 64. 65 and 66

67, 68, 69, 82, 83, 84, 97, 98 and 99

100, 101, 102, 115, 116, 117, 130, 131 and 132

Locate the following FPD serial numbers and skew the indicated leads +3

mils, from the orthogonal, at a point located 0.180" from the package bady

(see figure 7):

FPD SERIAL NUMBER

DIA ST4003
DIA ST4004
DIA ST4007
DIA ST4008

KYO ST4003
KYO ST4004
KYO ST4007
KYO ST4008

SKEWED LEAD NUMBERS

SIDE 1:

SIDE 2:

SIDE 3:

SIDE 4:

1, 2, 3, 16, 17, 18, 31, 32 and 33

34, 35, 36, 49, 50, 51, 64, 65 and ot

67, 68, 69, 82, 83, 84, 97, 98 and 99

100, 101, 102, 115, 116, 117, 130, 131 and 132
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KYO
S T4001

Lead skew to be torced and measured at this point

Lead skew shall be forced and measured at a point on each lead
that lies 0.180" from the package bdy (see above example). This
point on the lead represents the toe of the lead after forming has
been pertormed and shall be typical of all four sides.

FIGURE #7
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Measure the coplanarity, before forming, for each of the devices and record
this "original condition” data in table 5. Use the Microscan and TLU01-
FORM-1 to accomplish this.

NOTE: Use one sheet for each device!

Create one worksheet each, similar to the one shown in Table 3., for the
initial run and for the replication (see figures #3 & #4). Column A is
assigned to the ‘Lead Package Egress Style’, subcolumn 1 is for ‘Diacon’,
subcolumn 2 is for 'Kyocera’. Column B is assigned to ‘Lead Thickness’,
subcolumn 1 is for "Nominal’, subcolumn 2 is for ‘Pilus 3 Mils'. Column C is
assigned to ‘Lead Skew’, subcolumn 1 is for a skew of -3 Mils’, subcolumn
2 is for a skew of "+3 Mils’. The remaining columns are for experimental

error determinations.

Randomize the “Standard Order Trial Number” column and enter the
appropriate random number in the "Random Oider Trial Number”™ columu.

Run the experiment trials using the random number sequence.

Set up the component preparation side of the Gelzer robot minus the lcud

tinning function and load the forming program "FORM.BBF”.

Place the appropriate 132-pin packages into the pieparation elevator tray s |
in accordance with the_random sequence order number and starting with
pocket #1 (see figure #6). With the feeder uay oriented as shown in
figure 6, place the pin #1 indicator of each FPD in the upper left hand

corner of the feeder pockets. Form and trim theh leads. Collect data 101 the

six responses listed in Table 2. Repeat until all eight experiments have been

run,
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Take some preliminary measurements to confirm that no other significant
variables are affecting the process. Stop and notify the cognizant engineer it

there appears to be any undocumented outside influences in the process.

Rerandomize the run order numbers and rerun the experimental matrix. This
will result in a replicate set of data to aid in statistical analyses of the
experiment.

V. RESPONSE DATA

A. Lead Skew

Measure and record the lead skew or colinearity of the FPD package leads fui
each of the eight runs at the locations listed in Table 4. Use a
coordinatograph to accomplish this. The precision of the measurement shal!

be 0.1-mil, min.

B. Lead Coplanarity

Measure and record the lead coplanarity of the FPD package leads for each ot
the eight runs at the locations listed in Table 5. Use the Microscan with &

precision of 0.1-mil and tool number TLOOI-FORM-2 to accomplish this.

C. "Belly-to-Toe” Dimensions

Measure and record the dimension from the bottom of the FPD ceramic
package to the bottom of the “toe” formed on the lead for each of the eiyht
runs at the locations listed in Table 6. Use a Microscan with a precision of

0.1-mil, max.
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" Toe-to-Toe Dimension

" Toe"

"Toe"

Measure and record the minimum and maximum "toe-to-toe” dimension across
both sides of the package for each of the eight runs at the locations listed in

Table 7. Use a coordinatograph with a precision of 0.1-mil, max.

Angle

Measure and record the angle of “tce” in the formed lead of the FPD (o
each of the eight runs at the locations listed in Table 8. Use a Microscan

with a precision of 0.1-mil, max. and arrive at the angle through triangulation.

Burrs

Scan all of the "toes” of the formed leads of the FPD and select the lcad
with the greatest burr for each of the four sides. Use a filar eyepiece on u
microscope with a preeision of 0.1-mil to measure that burr and record its

lead number and dimension. See Table 9.

\1. DATA REDUCTIUN

Using the data gathered by this experiment, the response sheets typified by Table 3 will

be completed for each response; and significant interstation process variables will be identified.

Additional statistical analyses of the data using analysis of variance {ANOVA) techniques

will yield variability, experimental error, and process capability indices data.
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Table #5

Lead Coplanarity data collection sheet (One sheet for each device)
Device Serial Number

= i Original Condition Formed Condition
Side Lowest |Highest| Delta |Lowest |Highest| Delta
1
2
3
4
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Table #7

A

Sige 4

Toe-to-Toe data collection sheet
(Use one sheet for all devices)

soe: [A]

KYQ
ST4001

i

Sige 2

%

Dimension A Dimension B

Serial Number [ Min. Max. | Avg. | Min. Max. | Avg.

DIA ST4001

DIA ST4002

1>

DIA ST4003

DI ST4004

| DIA ST4005

| DIA ST4006

' DIA ST4007

' DIA ST4008

KYO ST4001

FYvO ST4002

kYO ST4003

KYO ST4004

5O ST4005

J‘ b 7O ST4006

D ST4007 | |

b O ST4008 | :
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Toe Burr data collection sheet (Use one sheet for all devices)

-

Maximum Burr Dimension

Serial Number

Side 1| Side 2 | Side 3| Side 4

Max Dim of
All Four Sides

DIA

ST4001

DIA

ST4002

DIA

ST4003

DIA

ST4004

DIA

ST4005

DIA

ST4006

DIA

ST4007

|

DIA

ST4008

KY O

ST4001

KYO

ST4002

KYO

ST4003

KYO

ST4004

KYO

ST4005

kYO
YO
b O

ST4006

ST4007

ST4008
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Interoffice Correspondence
TRW Avionics & Surveillance Group

724

U1. Q602 PLL SID.1

Date From
Detailed Experimental Plan 14 February 1991 J. MURRAY
Solder Paste Deposit (ST51)

ce Locetion/Phone
P. Glaser D. Cavanaugh RC4/1073/3182

P. Finkenbinder

P. Crepeau

T. Neillo

This 10C presents the detailed experimental plan and procedures for performing the
Sub Task 5. Part 1 experimental procedure. This experiment is designed to identify
significant inter-workstation process variables that affect several respnonses for the
solder paste deposition work cell. The significant process variables wer: identified in
a "brainstorming” session among several manufacturing and process engineers. Figure
1 presents a cause and effect diagram that identifies the process variables and
responses for the solder paste deposition work cell. The enclosed process variables
are those being evaluated in this experiment. The unenclosed process variables are
intrastation variables that were previously evaluated and reported.

Ranges (or levels) for the process variables were selected based on tolerances that
were expected to be encountered on the factory floor. These ranges, the instruments
used to measure the variables. and the reference to the source for the ranges are
presented in Table 1. Double asterisks identify those proce.s variables being
evaluated by this experiment. Responses to be analyzed for the solder paste
deposition workstation, the instruments used to measure the responses. the
specification limits for the responses. and the source for the specification limits are
presented in Table 2. This experimental design is a full factorial with three variables.
No reflection is required. One replicate will be run. however.

Table 3 presents the form that will be used for each response evaluated by this

experimental design. Columns AB. AC, BC, and ABC will be used for interaclion
effects and experimental error measurements.
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Figure 1.

ALIGNMENT
VARIABLES

(Fidue "'uVPad's‘m\'Im
Vision Alignment Aemmylﬁuidk

Page 2

14 February 1991

‘ PRINTING l
VARIABLES

Pressore

N\

Speed ™\

Number of Prints

AN

\\

N\
Printability Index  /
Pasile Vendor

PASTE PROPERTY
VARIABLES

Time on Stencil /

PASTE HISTOR
VARIABLES

)

Solder paste deposition cause and effect diagram.
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Process Variable

Squeegee
speed

Squeegee
pressure

**Fiducial pad
stretch

Alignment
accuracy/

precision

Time on stencil

Frintabihty

mdex

lsumber of
prints

**PWB plating

**Solder paste

vendaor

'

»

Table 1.

Process variable details.

Measuring Device/

Precision

Printer readout/
+/- 0.01-in/min

Dial indicator/
+/- 2 psi

Coordinatograph
+/- 0.1 mil

Microscope
with filar/
+/- 0.1 mil

Timer/ +/- 1-min
Microscope
with filar/

+/- 0.1-miil

Manual count

+/- 0

Inspection/
+/- 0

Inspection/
+/l" 0

Depends on wviscosity of solder paste used.

Process vanables being studied by this experiment.

177

Variable
Range

X.XX - y.yy

sec/stroke
-

X.X - y.y psi

*

+3.0 mils
from nominal

+/- 1.5-mil
from nominal

0 to 33 hrs

N/A

1tob

Reflowed tin-
lead and solder
dipped/hot

air leveled

Metech RF63 and
Multicore Snb62-
RM92A90

Page 3
14 February 1991

Specification

Baseline
document

Baseline
document

PWB fabrication

drawing

Baseline
document

Baseline
document

Baseline

document

Baseline
document

MEAD Design

options

MEAD solder
paste study
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Response
Variable

Registration

Smear

Thickness

Stumping

Spikes

Table 2.

Measuring Device/

Precision

Microscope
with filar/
+/- 0.1-mil

Microscope
with filar/
+/- 0.1-mil

Microscan/
+/- 0.1-mil

Microscope
with filar/
+/- 0.1-mil

Microscan
+/- 0.1-mil

178

Response variable details.

Specification
Limit

deposit overhang
</=25% of pad
axis in direction
measured

print separation
>25% of design
spacing

+/- 20% of
stencil thick.
at location
measured.

print separation
>25% of design
spacing.

<1 times 't’ of
stencil thick

at location
measured.

Page 4
14 February 1991

Specification

MM para. 2-1

MM para. 2.3

MM para. 2.5

MM para. 2.7

MM para. 2.7
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Table 3.

14

Response table with interaction effects.

Page 5
February 1991

il
[

@ |~ [ [N | | [N [

TOTAL

NUMBER
OF VALUES

AVERAGE

FrECT
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. MATERIALS AND SUPPLIES

o
s

Solder paste

Metech RHF63

P/N

786582A
SN 5, 6.7, 8,
11, 13

7865828
SN 54, 63, 70.
73. 79, 80, 81

786582C

SN 103, 104, 111,

120, 125. 127,
134

786582D

SN 168, 169, 171,

173. 174, 184

Multicore SN62RM92A90

Stencil

T-786582-6/1
T-786582-6/2

Miscellaneous

Palette knife. plastic
Bristle brush

Page 6

14 February 1991

Description

Solder dipped. hot air leveled. no
fiducial stretch, normal thickness

Solder dipped. hot air leveled. max
fiducial stretch, normal thickness

Fused Sn/Pb.. no fiducial stretch,
normal thickness

Fused Sn/Pb., maximum fiducial
stretch, normal thickness

Metech. inc.

Route 401
Halverson, PA 19520
Muiticore Solders

Cantiague Rock Road
Westbury, NY 11590

6/12 mil thickness

Holbein

180
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Shamis 99-150 cleaning cloth Affiliated Manufacturers. Inc.
96244 Protective gloves Jones Associates

Isopropyl alcohol TT-1-335
1.1.1-Trichlorethane MIL-T-81533

.  TOOLS AND EQUIPMENT

General purpose stereo microscope, 0.7x-3x zoom with an American Optical No. 424, 10x-filar
eyepiece.

Screen Printer No. 24-ASP MPM Corp.
10 Forge Park !
Franklin. MA 02038

Malcom Viscometer Austin America Technology
12201 Technology Bivd
Austin, TX 78727

Vapor degreaser, CBL-18 Baron-Blakeslee, Inc.
2001 N. Janice Ave.
Melrose Park. IL 60160

Stencil Cleaner Tooltronics. Inc.
710 lvy Street
Glendale. CA 91204

Microscan Cyber Optics Corp.
2331 University Ave. SE
Minneapolis, MN 55414

v PROCEDURE

A

1. Select one 786582A/B and one 786582C/D PWBs that have fiducial-to-fiducial
dimensions that are closest to the drawing nominal Mark these as stencil set-up
PWBs. Use a coordinatograph with a precision of +/- 0.1-mil. max.. precision 1o
make this deternination, and record the numbers
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Select two additional 786582A/B and two 786582C/D PWBs that have minimum
fiducial-to-fiducial dimensions. Serialize these as 786582A, SNs 101 and 102, and
786582C. SNs 301 and 302. Use a coordinatograph with a +/- 0.1-mil. max..
precision to make this determination, and record the numbers.

Select two 786582B/A and two 786582D/C PWBs that have maximum fiducial-to-
fiducial dimensions. Serialize these as 786582B. SNs 201 and 202 and 786582D.
SNs 401 and 402. respectively. Use a coordinatograph with a +/- 0.1-mil. max..
precision to make this determination, and record the numbers.

The worksheet shown in Table 13 is to be used to run the first (or initial)
experimental matrix. One worksheet will be used. per response evaluated (Table 2).
to record the value of that response for each run in the experiment. Column A is
assigned to the 'Solder Past Vendor', subcolumn 1 is for ‘Metech’. subcolumn 2 is
for 'Multicore’. Column B is assigned to 'Fiducial Stretch’. subcolumn 1 is for
‘Minimum Stretch’, subcolumn 2 is for 'Maximum Stretch’. Column C is assigned
to 'PWB Plating Type'. subcolumn 1 is for ‘Solder Dipped and Hot Air Leveled'.
subcolumn 2 is for ‘Tin/Lead Plate and Fused’. The remaining columns are for
experimental error determinations.

Use the randomized run numbers in the "Random Order Trial Number” column of
Table 13. Sequence the experiment trials using this random number sequence.

Clean the serialized PWBs in an in-line solvent cleaner.
Set up the ASP-24 stencil printer with the appropriate reference PWBs.

Using the combination of solder paste vendor, fiducial stretch PWB. and plating
finish required required by Table 13 for a specific. run print two boards in
succession and use the second board to collect data for the five responses listed in
Table 2. Repeat, until all eight trials have been run.

The trial run order in Table 13 was rerandomized and incorporated into the Table
14 worksheet. Using this new experimental matrix, rerun the experiment as was done
in paragraphs 1 through 8, above. This will result in a repiicated set of data which
will enable variability statistics to be determined.

V. RESPONSE DATA

A. Registration

1.

Measure the solder paste deposit delta x(1). delta x(2). delta y(1). and delta y(2)
misregistration for each of 8 runs at the locations listed in Table 4. Use a filar
eyepiece on a microscope with a precision of at least +/- 0.1-mil.
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Table 4. Solder paste misregistration.
RUN NO. DATE —_
COMPONENT | PAD |2X1 £ X2 AY1 £2Y2
U7 30
U7 31
L0)4 32
U2 01
U2 02
U2 03
U30 01
U30 02
U30 03
U34 13
U4 14
U4 15
U33 14
U333 15
U33 16 f
X1
Y1

183




STS5E1 Plan

B.

C.

Page 10
14 February 1991

Smears

1. Visually scan the fine pitch device footprints (U1, 20. and 39) that are parallel to
the squeegee blade (x-direction). Measure and record a paste smear condition that
represents B0 percent of the pads and one that represents a worst case condition.
Use a microscope with a filar eyepiece with a minimum precision of +/- 0.1 mils.

2. Repeat B.1. above, for paste deposits that are perpendicular to the squeegee blade
(y-direction).

3. Visually scan the 50-mil pitch LCC device footprints that are paraliel to the squeegee
blade (x-direction). Measure and record a paste smear condition that represents 80
percent of the pads and one that represents a worst case condition. Use a
microscope with a filar eyepiece with a minimum precision of +/- 0.1 mils.

4, Repeat B.3., above, for paste deposits that are perpendicular to the squeegee blade
(y-direction).

Thickness

1. Measure the solder paste thickness for each of 8 runs at the locations listed in
Table 6. Use a Microscan with a precision of 0.1-mil max. This represents the
50-mil pitch LCC component footprints.

2. Repeat C.1 above. using Table 7. This represents the 25-mil pitch fine pitch device
footprints.

3. Repeat C.1 above. using Table 8. This represents the CWR06 chip component
footprints.

4, Repeat C.1 above, using Table 9. This represents the CDR02 chip component

footprints.
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Table 6. Solder paste deposit thickness 50-mil pitch LCCs.

Component

U2

u7

u3s

u34

Pad

W N =

27
28
29

30
K3\
32

28
29

30
31
32

27
28
29

30
k)|
32
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Orientation
Hor

avg

X X X

avg

avg

xX X X

avg

avg

> X X

avg

avg

vert

horiz

horiz

vert

horiz

vert

horiz

Vert Thickness

X X X

—_—— — — — —
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Table 6. Solder paste deposit thickness 50-mil pitch LCCs (concluded)

Component

u19

-

Pad
16
17
18

19
20
1

Otientation
Hor Vert Thickness

X X X

avg vert
X
X
X

avg horiz

4 mm— *  compe — S—— — - e d -

-_weny @~y

7, -
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Table 7.

Component

u1

u20

U39

Page 13
14 February 1991

Solder paste deposit thickness fine pitch devices.

Pad
1
2
3
avg
130
131
132
avg

1
2
3
avg
130
131
132

avg

97
98
99
avg
100
101
102
avg

Orientation
Hor

X
X
X

X

x
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Vert

Thickness
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Table 8. Solder paste deposit thickness CWR06 components.

Component

C43
C46
C48

avg

Pad Thickness
1
2
1
2
1
2

— e vy — e —

Table 9. Solder paste deposit thickness CDR02 components.

Component

C2
o

Ccé

C19

C20

C32
Cc39

C42

Pad Thickness

N = N = N =

avg

— e —am ——

N =N N e

avg

N = N = N -

avg

— — ——— —— —
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5.

footprints.

D.

Page 15
14 February 1991

Repeat C.1 above. using Table 10. This represents the RMO705 chip component

Slumping

1.

Spikes

Visually scan the fine pitch device footprints (U1, 20. and 39) that are parallel to
the squeegee blade (x-direction). Measure and record. on a worksheet similar to that
shown in Table 11. a paste slump condition that represents 80 percent of the pads
and one that represents a worst case condition. Use a microscope with a filar
eyepiece with a minimum precision of +/- 0.1 mils.

Repeat B.1, above. for paste deposits that are perpendicular to the squeegee blade
(y-direction).

Visually scan the 50-mil pitch LCC device footprints that are paraliel to the squeegee
blade (x-direction). Measure and record. on a worksheet similar to that shown in
Table 11, a paste slump condition that represents 80 percent of the pads and one
that represents a worst case condition. Use a microscope with a filar eyepiece with
a minimum precision of +/- 0.1 mils.

Repeat B.3, above. for paste deposits that are perpendicular to the squecgee blade
{y-direction).

Visually scan the fine pitch device footprints (U1, 20. and 39) that are paraliel to
the squeegee blade (x-direction). Measure and record, on a worksheet similar to that
shown in Table 12, a paste spike condition that represents 80 percent of the pads
and one that represents a worst case condition. Use a microscope with a filar
eyepiece with a minimum precision of +/- 0.1 mils.

Repeat B.1, above, for paste deposits that are perpendicular to the squeegee blade
(y-direction).

Visually scan the 50-mil pitch LCC device footprints that are parallel to the squeegee
blade (x-direction). Measure and record. on a worksheet similar to that shown n
Table 12, a paste spike condition that represents 80 percent of the pads and one
that represents a worst case condition. Use a microscope with a filar eyepiece with
a minimum precision of +/- 0.1 mils.

Repeat B.3, above, for paste deposits that are perpendicular to the squeegee blade
(y-direction).
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VIi. DATA REDUCTION

Using the data gathered by this experiment, the response sheets typified by Tables 13 and 14 will
be completed for each response; and significant interstation process variables will be identified.

Additional statistical analyses of the data using analysis of variance (ANOVA) techniques will
yteld variability, experimental error, and process capability indices data.
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Table 10. Solder paste deposit thickness RMO705 components.

Component

R1
R3

R6

R34
R29

R25

Pad

RS R

avg

N = N = N =

avg
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‘Table 5

Smear on Component Pads

INITIALRUN: ____ ’
REPLICATERUN: ___ DATE
X 50-MIL PITCH| Y 50-MILPITCH | XFINEPITCH | Y FINE PITCH
RUN 80% MAX | 807% MAX | 80% MAX [80% [MAX

1

82

RS SRR BB I N

Eg) «— PARALLEL (X) PADS

PERPENDICULAR (Y) <« SQUEEGEE TRAVEL
PADS

SQUEEGEE ORIENTATION ! )
-« Q
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Table 11

Slump on Component Pads

Page 19
14 February 1991

INITIALRUN:
REPLICATERUN: DATE
X 50-MIL PITCH| Y 50-MIL PITCH | X FINE PITCH | Y FINE PITCH
RUN B0% | MAX | 80% _ 80% | MAX | 80% _|MAX

g

-
: SR TR JE:
mw, A PTEGARES

PR

MAX

PERPENDICULAR (Y')
PADS

-—

<>

) «— PARALLEL (X)PADS

<« SQUEEGEE TRAVEL

SQUEEGEE ORIENTATION
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Table 12

Spikes on Component Pads

INITTALRUN: ___
REPLICATERUN: _ DATE
X 50-MIL PITCH{ Y 50-MIL PITCH | X FINE PITCH Y FINE PITCH
RUN 80% | MAX | 80% | MAX | 80% | MAX | 80% [MaX
ST . V‘M>,'.,¢~
' 1
2
x 3
4
5
RO %
8
7
X
8 |
) 4« PARALLEL (X) PADS
/
-l
PADS
SQUEEGEE ORIENTATION
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Table 13

Initial Experimental Run

P o A B C AB AC BC ABC R
it el N s°l\‘r’:;§:rm ?ﬂ:ﬁ:‘ FwBSHle | INTHRACTION AND ERROR TERMS ——— P
mils j (h)l
1] 2| 1] 2 i
71 1 | a2s| Ma o o [ag
1 2 | c-108] Me s 0 :
8 | 3 |ci3| Met y
3| 4 S 43
21 6 0
6| 6 0
5 7 | o8y Mul «
4 | 8 | bes Gy +3 air
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Table 14

Replicate Experimental Tun

14 Fe

Page 22
bruary 1991

| ranom | Sumawt| w3 A B C AB AC BC ABC R
EE, :"E_, N sag:;:;te ?ﬂ:fé?f FWBSHle | INTERACTION AND ERROR TERMS —— (s';
mils lsv
1 2 1 2 1 2 1 2 E
2] 1 | a2 M 0 aved
I 6| 2 |cio8| Met 0 r
| 8] 3 |c1| ma +3 | fused
1 4 | A0 Ma +3 air
7| 5 | peo i Multi fused
3| 6 |Diuss Mui| © o
6 | 7 |Daer Ml +3 | tused
| 4| 8 | B8s Multi +3 air 2 SN
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Interoffice Correspondence
TRW Avionics & Surveillance Group

72 4

“OT.Q002.PCL.S1D.2

Subject Date From
Detailed Experimental Plan 26 January 1991 P. CREPEAU
Component Placement (ST52)
To ce Location/Phone
P. Glaser D. Cavanaugh RC4/1073/3182
P. Finkenbinder
J. Murray
T. Neillo

INTRODUCTION

This 10C presents the detailed experimental plan and procedures for performing the
Sub Task 5. Part 2 experimental procedure. This experiment is designed to identify
significant inter-workstation process variables that effect several responses for the
component placement work cell. The significant process variables were identified in a
“brainstorming” session among several manufacturing and process engineers. Figure 1
presents a cause and effect diagram that identifies the process variables and responses
for the component placement work cell. The shaded process variables are those being
evaluated in this experiment. The, unshaded process variables are intrastation
variables that were previously evaluated and reported.

Ranges (or levels) for the process variables were selected based on tolerances that
were expected to be enccuntered on the factory floor. These ranges, the instruments
used to measure the varizole ranges, and the reference to the source for the ranges
are presented in Table 1. Double asterisks identify those process variables being
evaluated by this experiment. Responses to be analyzed for the component placement
workstation, the instruments used to measure the responses, the specification limits
for the responses, and the source for the specification limits are presented in Table 2.
The main experimental design is an eight run fractional factorial with five variables.
Oue reflection is required.

Table 3 presents the form that will be used for each response evaluated by this

experimental design. Cotlumns BC and ABC will be used for experimental error
measurements.
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26 January 1991

Figure 1. Component placement cause and effect diagram.
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Process Variable

Placement repeata-
bility

**Solder paste open
time

**PWB plating

**Tinned lead aging
**Fiducial pad
stretch

Placement force

**PWB thickness

Process variable details.

Measuring Device/
Precision

Microscope with
filar/ +/- 0.1-mil

Timer/ +/- 1 sec

Inspection/ +/- 0

Steam ager/
+/- 1 minute

Coordinatograph/
+/- 0.1-mil

Robot/ +/- 1 gram

Dial micrometer/
+/- 0.1-mil

*“Process variables being studied by this experiment.

199

Variable
Range

0 2mils

0.5 to 3 hrs

Reflowed tin/
lead and solder
dipped/hot

air leveled

0 to hours
+/- 3 mils from
nominal

5gm to 50gm
per lcad

58 to 68 mils

Page 3
26 January 1991

Specification

Baseline
document

Assembly
staging time

MEAD design
options

Engineering
judgment

PWB fabrica-
tion drawing

TRW placement
study

PWB fabrica-

tion drawing
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Response
Variable

Lead/pad alignment

Chip component
overhang

Lap
Lead and toe
overhang

Heel clearance

Leadless chip
carrier overhang

Lead penetration
mto solder paste

Page 4
26 January 1991

Table 2. Response variable details.

Measuring Device/
Precision

Microscope with
filar +/- 0.1-mil

Microscan/
0.1-mil

200

Specification
Limit Specification

MIL-STD-2000

10% of termina-
tion width, max

5-mil. max

25% of lead
width, max or
20 mils, max:
whichever is
greater

100% of lead

width

25% of castel- MM 3.3
lation width,

niax

No air gap to MEAD place-
3 anuls ment sludy

-yt

S

—— mprawwn ——
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Table 3.

Response table with interaction effects.

Page 5
26 January 1991

il
[

Vabams

BC

@ [~] | |O0 | [CO 0O >

TOTAL

NUMBER
OF VALUES

AVERAGL

EFTECT
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i MATERIALS AND SUPPLIES

)
oo}

48
288 -
160
128
608
672

96

Solder paste

Metech RHF63
] o
Stencil Lo

T-786582-6/1
T-786582-6,2

Miscellaneous

Palette knife, plastic

B/N

786582G
786582H

P/N
IMKX3F1-4546AA
PB-C85124

PB-44823
IRK32F1-2008
M55342K068-110BR
CDRO2BX103BKURT
49BCP

Shamis, 99-150 cleaning cloth

Bristle brush

Protective gloves

Solvents

Page 6

27 January 1991

Description

Fused tin/lead. thin, nominal fiducial
Fused tin/lead. thick. nominal fiducial

Description

132-pin FPD

26-pin LCC

28-pin LCC

32-pin RLCC
M55342/6 chip resistor
CDRO2 chip capacitor
CWRO06 chip capacitor

Metech. Inc.
Route 401
Halverson. PA 19520

6/12 thickness

Holbein
Atfiliated manufacturers

Jones Associates

202
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Isopropy! alcohol
1.1.1-trichlorethane

. TOOLS AND EQUIPMENT

Page 7
27 January 1991

TT-1-335
MIL-T-81533

General purpose stereo microscope, 0.7x-3x 20om with an American Optical No. 424. 10x-filar

eyepiece.

Screen Printer No. 24-ASP

Malcom Viscometer

ln-Line Cleaner, CBL-18

Stencil Cleaner

Microscan

Robotic Workcell

Steam Aging Cabinet

MPM Corp.
10 Forge Park
Franklin, MA 02035

Austin American Technology
12201 Technology Blvd
Austin, TX 78727

Baron-Blakesiee. Inc.
2001 N. Janice Ave.
Melrose Park. IL 60160

Tooltronics. Inc.
710 Ivy Street
Glendale, CA 91204

CyberOptics Corp.
2331 University Ave.. SE
Minneapolis, MN 55414

Gelzer Systems
425 Enterprise Drive
Westerville, OH 43081

MountainGate Engineering

1510 Dell Ave.
Campbell, CA 95008
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IV. PROCEDURE

Select four 786582G, 786582H., 786582M, and 786582N PWBs that have minimum
fiducial-to-fiducial dimensions. Serialize as 786582G., SNs 701-704: 786582H. SNs
801-804: 786582M. SNs 1301-1304: and 786582N. SNs 1401-1404.

Select from 7865821, 786582), 786582K. and 786582L PWBs that have maximum
fiducial-to-fiducial dimensions. Serialize as 7865821. SNs 901-904: 786582J. SNs
1001-1004; 786582K, SNs 1101-1104; and 786582L, SNs 1201-1204.

Create one worksheet, similar to the one shown in Table 3, for each of the two
responses listed in Table 2 that are to be monitored. Column A is assigned to
‘Tinned Lead Aging’. subcolumn 1 is for ‘Zero Aging’, subcolumn 2 is for ‘6 month
Aging’. Column B is assigned to 'PWB Type': subcolumn 1 is for ~ Slder Dipped
and Hot Air Leveled’, subcolumn 2 is for 'Tin/Lead Plate and Fused’. Column C is
assigned to ‘Solder Paste Open Time’, subcolumn 1 is for '0.5-Hour Open Time’
subcolumn 2 is for ‘3-Hour Open Time'. Column AB is assigned to 'PWB
Thickness’, subcolumn 1 is for "Thin’, subcolumn is for "Thick’, Column AC is
assigned to 'Fiducial Stretch’, subcolumn 1 is for ‘'Minimum Stretch’, subcolumn 2 is

for ‘Maximum Stretch’. The remaining columns are for experimental error.
Randomize the "Standard Order Trial Number” column and enter the appropriate
random number in the "Random Order Trial Number”™ column. Run the
experimental trials using the random number sequence.

Clean the serialized PWBs in che in-line solvent cleaner.

Set up the 24-ASP stencil printer with an appropriate reference PWB.

Set up the placement side of the Gelzer robot. Make sure there are sufficient

properly prepared components for the experiments that are to be performed.
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10.

11.

13.

Page 9
27 January 1991

Using the Metech solder paste. print the appropriate PWB for the experiment to be
performed. Visually inspect the deposit and measure the deposit thickness with the

Microscan to assure the quality of the deposit.

After allowing for any “open time". place the components on the posted PWB with
the robot.

Repeat steps 8 and 9 until all B experiments have been completed.

Swap the shaded cells between the ‘1" and ‘2’ subcolumns of each of the 7 process
variable columns (e.g.. column Al for runs 1-4 will be shaded rather than clear and

column A2 for runs 5-8 will be shaded rather than clear).

Rerandomize the run order number and rerun the experimental matrix with the
inverted process variable ranges. This will result in a reflected set of data which
will isolate interaction effects that might mask the main effects of the process

variables assigned to coluinn AB and AC.
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V.
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RESPONSE DATA

A.

Lead/Pad Alignment

Measure the fine pitch component lead placement lateral misregistration for each of
the 8 experimental runs at the locations listed in Table 4. Use a filar eyepiece on

a microscope with a precision of at least 0.1-mil.

Measure the 20-pin LCC component termination placement lateral misregistration for
each of the 8 experimental runs at the locations listed in Table S. Use a filar

eyepiece on a microscope with a precision of at least 0.1-mil.

Measure the 28-pin LCC -omponent termination placement lateral misregistration for
each of the 8 expe:imental runs at the locations listed in Table 6. Use a filar

eyepiece on a microscope with a precision of at least 0.1-mil.
Measure the 32-pin LCC component termination placement lateral misregistration for

each of the 8 experimental runs at the locations listed in Table 7. Use a filar

eyepiece on a microscope with a precision of at lease 0.1-mil.
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Component
U1

u20

Page 11
27 January 1991

Table 4. Fine pitch device placement misregistration.

Pad

130
131
132

W A =

64
65
66

67
68
69

130
131
132

WA =

64
65
66

Orientation

Hor

XX X

X X X

X X X

207

Vert Lateral Displacement

avg

X X X

avg

avg

avg

avg

XX X

avg
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Table 4. Fine pitch device placement misregistration (concluded)

Component

U39

Pad

67
68
69

130
131
132

WN =

64
65
66

67
68
69

Orientation
Vert Lateral Displacement

XXX lI
<

XXX

avg

X X X

avg

XXX

avg
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Companent
U2

us

Table 5.

Page 13
27 January 1991

20-pin LCC device placement misregistration.

Orientation

Pad Hor Vert Lateral Displacement
1 X
2 X
3 X

avg
4 X
5 X
6 X

avg
11 X
12 X
13 X

avg
14 X
15 X
16 X

v avg

1 X
2 X
3 X

avg
4 X
5 X
) X

avg
11 X
12 X
13 X

avg
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Table 5. 20-pin LCC device placement misregistration (continued)

Component

u19

uz2s

Pad

14
15
16

W N =

[ B E P 1

11
12
13

14
15
16

WA =

L= I E

11
12
13

Orientation
Hor Vert Lateral Displacement
X
X
X avg
X
X
X .
avg
X
X
X
avg
X |
X
X
avg ‘
X
X
X |
avg
x ]
X )
X
avg |
X
X !
X
avg
X
X
X .
avg
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Table 5.

Component

ui3

Page 15
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20-pin LCC device placemment misregistration (concluded)

Pad

14
15
16

W AN =

S o

11
12
13

14
15
16

Orientation
Hor Vert Lateral Displacement
X
X
X
avg
X
X
X
avg
X
X
X
avg
X
X
X
avg
X
X
X
avg
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Table 6. 28-Pin LCC placement misregistration.

Orientation
Component Pad Hor Vert Lateral Displacement
y22 2 X
3 X
4 X
avg
5 X
6 X
7 X
avg
16 X
17 X
18 X
avg
19 X
20 X.
21 X
avg
u3l 2 X
3 X
4 X
avg
5 X
6 X
7 X
avg
16 X
17 X
18 X
avg
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Component

u3s

Page 17
27 lanuary 1991

Table 6. 28-Pin LCC placement misregistration (concluded)

Pad

19
20
21

& WN

~No v

16
17
18

19
20
21

Orientation
Hor Vert Lateral Displacement
X
X
X
avg
X
X
X
avg
X
X
X
avg
X
X
X
avg
X
X
X
avg
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Table 7.

Component

u7

U14

Orientation
Pad Hor Vert
2 X
3 X
4 X
avg
5 X
6 X
7 X
avg
18 X
19 X
20 X
avg
21 X
22 X
23 X
avg
2 X
3 X
4 X
avg
5 X
6 X
7 X
avg
18 X
19 X
20 X
avg
214
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32-pin LCC device placement misregistration.

Lateral Displacement

—mpe
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Table 7. 32-pin LCC device placement misregistration (concluded)

Orientation
Component Pad Hor Vert Lateral Displacement
21 X
. 22 X
23 X
avg
u34 2 X
3 X
4 X
avg
5 X
6 X
7 X
’ avg
18 ’ X
19 X
d 20 X
avg
3
¢ 21 X
22 X
| 23 X
avg
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B.
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Measure the chip component termination placement lateral and end-to-end
misregistration for each of the 8 experimental runs at the locations listed in Table

8. Use a filar eyepiece on a microscope with a precision of at least 0.1-mil.

Lead Penetration

Measure the penetration of the fine pitch device leads into the solder paste deposit
for each of the eight experimental runs at the locations listed in Table 9. Use a
Microscan and measure the solder paste height. as deposited. at the indicated
locations (A). Use a micrometer to measure the appropriate fine pitch device lead
thicknesses (B) prior to placement. Use a Microscan to measure the dimension
from the PWB to the top of the placed fine pitch device lead (C). Lead penetration

will equal A+B-C. Measurements shall be to a precision of 0.1-mil. min.

Measure the penetration of the 20-pin LCC terminations into the solder paste deposit
for each of the eight experimental runs at the locations listed in Table 10. Use a
Microscan and measure the solder paste height. as deposited. at the indicated
locations (A). Use a micrometer to measure the appropriate packags thickness (B)
prior to placement. Use a Microscan to measure the dimension from the PWB to
the top of the LCC package (C). Penetration will equal A+B-C. Measurements

shall be to a precision of 0.1-mil, min,
Measure the penetration of the 28-pin LCC terminations into the solder paste deposit

for each of the eight experimental runs at the locations listed in Table 11. Use the

same technique as in 2, above.
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Table 8. Chip device placement misregistration.

Lateral

Component Pad 0.4 AY Package Style

c43 1 CWRO06
2
1.2

Ca6 1 CWR05
1.2

a8 1 CWRO06 ;
1.2

C2 1 CDRO2
2
1.2

c7 1 CDRO2
1.2

Cc2e CDRO2
2
1.2

C36 1 CDRO2
1.2

E42 1 CCRO2
1.2

R1 1 M55342/6
1.2
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Table 8. Chip device placement misregistration (concluded)

Component Pad A_)ngteral AY Package Style
R12 1 M55342/6

1
R30 1 M55342/6

12
R34 1 M55342/6

1.2
R25 1 N55342/6

1.2
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Table 9. Fine pitch device lead penetration.

Thickness
Component ad Paste Lead Placed Lead

ul

W N =

avg

35
36
avg
67
68
69
avg
100
101
102
avg

u20

W N =

avg

35
36
avg
67
68
69
avg
100
101
102
ave
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Component

U39

Table 9.

avg
100
101
102
avg

Page 24
27 January 1991

Fine pitch device lead penetration (concluded)

Thickness
Paste

r—
o
(Y
Q.

Placed Lead
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Table 10. 20-pin LCC device component penetration.

Thickness
Component Pad Paste L ead Placed Lead

u2 20

avg
15
16
17

avg

us , 20

avg
15
16
17

avg
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Table 10. 20-pin LCC device component penetration (concluded)

Thickness
Component Pad Paste Lead Placed Lead

u19 20

avg

11
12
avg
15
16
17
avg
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Component

u22

U3t

Table 11.

Pad

avg
20
21
22

avg

28

avg

-~

avg
13
14
15
avg
20
21
22

avg

28-pin LCC device component penetration.

Thickness
Paste

-
®
(Y]
Q.
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Table 11. 28-pin LCC device component penetration (concluded)

Thickness
Component Pad Paste Lead Placed Lead

u3s 28
1
2

avg

6 ‘x
7

8

avg

13 t
14

15 l
avg
20
21
22

avg '

Py te

224 ‘




L 24

]

STSE2 Plan Page 29
27 January 1991

Table 12. 32-pin LCC device component penetration.

Thickness
Component Pad Paste

-
[
o
Q.

Placed Lead

u7 32

avg
24
25
26

avg

ui4 32

avg
16
17
18
avg
24
25
26
avg
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Table 12. 32-pin LCC device component penetration (concluded)

Thickness
Component Pad Paste Lead Placed Lead

P—— %

u34 32

avg
24
25
26

avg
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Measure the penetration of the 32-pin LCC terminations into the solder paste deposit
for each of the eight experimental runs at the locations listed in Table 12. Use the

same techniques as in 2, above.

Measure the penetration of the CWRO06 terminations into the solder paste deposit for
each of the eight experimental runs at the locations listed in Table 13. Use a
Microscan and measure the solder paste heights, as deposited. at the indicated
locations (A). Use a micrometer to measure the appropriate package thickness (B)
prior to placement. Use a Microscan to measure the dimension from the PWB to
the top of the CWR06 package (C). Penetration will equal A+B-C. Measurements

shall be to a precision of 0.1-mil. min.

Measure the penetration of the CDR0O2 termination into the solder paste deposit for
each of the eight experimental runs at the locations listed in Table 13. Use the

same technique as in 2, above.

Measure the penetration of the M55342/6 termination into the solder-paste deposit
for each of the eight experiinental runs at the locations listed in Table 13. Use the

same techniques as in 2, above,

VI DATA REDUCTION

*_1, Using the data gathered by this experiment, the response sheets typified by Table 3 will be

completed for each response: and significant interstation process variables will be identified.

Additional statistical analyses of the data using analysis of variance (ANOVA) techniques will

yield variability, experimental error. and process capability indices data.
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Table 13,
Thickness

Component Pad
C43 1

2

avg
C46 1

2

avg
C48 1

2

avg
Q2 1

2

avg
C7 1

2

avg
C26 1

2

avg
R1 1

2

avg
R2 1

2

avg

Paste
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Placed Lead
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Table 13. Chip device component penetration.

Thickness
Component Pad Paste Lead Placed Lead

R12 1
: 2

avg
- R30 1
: 2

avg
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GUIDELINES FOR CALCULATING
EMPI PROCESS CAPABILITY INDICES

The measuring system developed to understand and quantify the experimental
results 1s based on the process capability indicies (Cp and Cpk) and the
percent of variability accounted or (%V). The Cp and Cpk provide a quick
measure of the degree of "robustness" or "safety margin® existing within a
process and therefore are a key indicator of the ability to obtain and maintain
100% yields. The Cp simply compares the range of tolerances allowed by the
product requirements to the range of process tolerances predicted for the
process. The Cpk compares the tendency of the process to produce product that
falls exactly midway between the limits of the product requirements.

The Cp and Cpk are based on the predicted process tolerance because the actual
process limits cannot be determined effectively, meaning that the Cp is only as
good as the assumptions and experimental data used to generate it. A "sanity
check" is obtained by mathematically manipulating the experimental data to
create the %V, which provides an indication of how well the process limits can
ve predicted. The %V simply compares the predicted process response and the
actual observed response during the experiments. Any unknown variables that
affect the process during the experiments will be detected by the %V.
Thereicre, by combining the Cp, Cpk and the %V a meaningful and confident

1i~e ~f the process can be obtained.

underzino
The Cp and {;k are celzulated frer -he erperimentally determined variable
induced process sub-variation {¥i7). TIizure A-] illustrates how a given total
process variation may be divided inmto the individual sub-variations caused by
each one of the variables. The nuaber of variables that contribute to the
total process variation may range irom oue {which presents a trivial case) to
many. For the multiple variable caz:s, if all of the variables can be
identified and their respective sub-variations can be determined, then it is
pcssible to predict the overall totel process varizction by ccmbining the
individual sub-variations. For multi-variable cases, Figure A-2 illustrates
how each one of the sub-variatiorns can be determined for each variable. The
experimerntal runs are performed uvsing the detailed experimental table and
forcing the variables to their hig: and low values as described above. Another
way of stating this in mathematical terms is that the experiment evaluates the
unknown process relationship, F[X], for each variable, X, at both the upper,
Xhi, and lower, Xlo, ends of the variable range to determine the sub-variation
in the process caused by that variable, F[Xhi]-F[Xlo]. To calculate
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the total process variation caused by all of the variables, the individual
subvariations, including experimental errors, are combined together. As long
as the variables are independent and have a central tendency, they can be
combined using the Root Mean Square (RMS) method. The combined total process
variation is equal to the square root of the sum of the squares of the
individual sub-variations. This is stated in mathematical terms for a number

of variables, n, as|I(F hi]aF[ii;])Levaluated from X=1 to X=n.

To calculate the total Cp, the total process variation as calculated above
(E(F[Xhi]—F[Xlo]f) evaluated from X=1 to X=n) is divided into the difference
in the upper and lower specification limits, USL-LSL. This is illustrated in
Figure A-3 along with an example from the IR reflow workcell. In the example,
the upper and lower specification difference was determined to be 11° C, the
results from the experiment run gave sub-variations of 11.50 c, :2.4o C, and
:0.7o C, which combine to give a total process variation of 5.8° C. The

resulting Cp as calculated is 1.9, or a theoretical "robustness" of 90 percent.

To calculate the Cpk, the total process variation, as calculated above, is
divided into twice the difference between the average response and the nearest
specification limit. This is illustrated in Figure A-4 along with an example
from the IR reflow workcell. In the example, the grand average was determined
to be 217°, which, since it is closer to the USL (2210) than the LSL (210° C),
determines the Cpk. The resulting Cpk as calculated is 1.4, or a theoretical
"robustness” of 40%, which means that the actual distribution is skewed away
from the dead center of the specification limits. If the actual distribution
were extremely centered, the Cpk would be equal to the Cp, or in this case be
equal to 1.9.
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USL-LSL USL-LSL USL-LSL

Cp = = . = —
"Total Variable "x"=n — 1 [Variable "x"=n ]
process variation” Sub-variation \2 Z (F[Xhi]—F [ch])2
Z caused by vari-
able x or variable "x"=1
experimental
rror.

va~iable "x"=1

USL-LSL=221°c-210°C= [11°C 1
USL-LSL USL-LSL 1%
Calculated Cp = = = =!1.9l
variable "x"=n il variable "x"=n |2 5]8°C
(Sub-variation F[Xhi]_F[xlo])
caused by varia-
ble x or experi-JV variable "x"=1
mental error.

variable "x"=1

variable "x"=n
Z(F (Xy3)-F X)) )Z:J(il . 5°0212‘. 4°¢% . 7;’02)

variable "x"=1

Initial temp F[X,.]-F[X; ]=+1 .5°¢C

Ezitter temp F[Xhi]—F[xlo]=12.4oC —

Belt speed F[Xhi]-F[Xlo]=1.7°C

Figure A-1 Method for Calculating Cp From USL,LSL and Total Process
Variation with Example from IR Reflow Workcell
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Figure A-2 Method For Determining Total Process
Variation By Summing Sub-variations.

Relationship F[X]
evaluated at X ,. .,

giving F[X ]
hi e ® d
[ ]
\ Unknown process

Sub-variation o relationship for
observed P variable °x*, F[x]

(F[x_.1-F[x 1) o’
hi lo

l FIX ] N

e PR AR AR

R T— Relationship F[X]
o ® b evaluated at X o
giving F[X ]
‘o xhi
Allowable .
F¢————variable range ———
X, X )
hi lo

Figure A-3 Method for Determining Sub-variation ( F{Xhi]-F[Xio] )
Caused By Variable Range ( Xhi-Xlo )
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Cpk=lesser

Calculatedﬁiﬁkiable X=n

Cpk

»Since X was known to be closer to the USL than the LSL only one calculation is
shown.

of

\

(USL-X) x2 (USL-X)»2 (USL-X) , 2

"Total process ! Variable x=n

1 !

Variable x=n
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\ able x Variable x=1
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le x=n Var1able x=n_

Subvariation 2 (F(X ) F(xlo))
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:
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!
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e
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e e ey
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Variable x=1

(USL-X) y2 ‘ 8°c ]

= _ :1.4

Variation x=n

Z ((F(X, ) -F(Xy )) 5.8%
1

Variable x=1

; {
=\ :_1.5212.42:-_.72 =

FIGURE A4
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The Cp and Cpk calculated above represents only one of several Cps of the
reflow process. Each critical response of the work cell has its own Cp and
Cpk. The resulting workcell process capabilities index may be represented as
the minimum Cpk of any of the workcell responses. Since the Cpk is a measure
of observed "worst case" only and does not address the probability of
occurrence of the "worst case®, it does not directly quantify yields of less
than 100 percent. This means that a process may have a Cpk of 0.5, and a yield
of 99 percent. This situation would be caused by a collection of variables
that are poorly controlled and have a wide range or large effect on the
process, but also tend to be centrally distributed and rarely go to their
extreme limits. In processes with a Cp of less than 1.00, each of the sub-
variations caused by each variable can be given an estimated probability
distribution that can be analyzed to generate process yield estimate. The
relationship between the Cp and yield depends on the probability distribution
estimate used for each variable. If the distributions are assumed to be
normal, then the Cp would be worse than the yield by 20 or 40 percent, i.e., a
process with a Cp of 0.8 could have a yield of 0.85 or 85 percent. If the
distributions are more evenly distributed, then the Cp would tend to equal the
yield, i.e., a process with a Cp of 0.85 could have a yield of 0.85 or 85
percent.

Various combinations of Cp, Cpk and %V values have
different meanings. The desired situation is to —
have both a high Cp, Cpk and %V indicating that
the process is robust and on target with a high

Tolerance Actual
Allowed ’ clua
/Tolerar.ce

o]

. . 3 Calculated
degree of confidence. This means that there is a Tolerance
probability that an actual "safety margin" exists 3

S . . . Safety
within the process (right). Other combinations of /Margm'

Cp and %V may exist, however. If the Cp and Cpk

are high but the % of variability accounted for are
low, then other unidentified variables or measurement
errors are significantly affecting the process. The high %V indicates that
additional activity should be planned to identify and quantify the unkneo
variable(s).

Tolerance Actual Tolerance Actual
Allowed Tolerance Allowed Tolerance
Calculated Calculateg
Tolerance Tolerance
Defective
Defective Product
Product
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If the Cp and Cpk are low but the % of variability accounted for is high (above
right), then the Cp and Cpk correctly indicates that the process is capable of
producing defective products. This means that the process will simply need to
be "fixed® to guarantee 100% yields. Since the %V indicates that the process is
well-understood, the cause of the low yield probably lies within the identified
variables and they need to be reinvestigated and alternate/additional means of
process control explored. Alternate control may take the form of additional
manual control charts, additional instrumentation, improvement in sensor or
control technology, etc.

1f the Cpk is less than the Cp, then the resulting distribution is not centered
and the process has room for improvement even without changing the width of the
process distribution.
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interoffice Correspondence —R--.
TRW Avionics & Surveillance Group ” Yy

UT.Q414.PCC.002

Subject Date From
EMPI PWB ARTWORK AND 24 January 1991 P. CREPEAU
FABRICATION DRAWING
To e T Locatlion/Phone
P. GLASER D. CAVANAUGH RC4/1073/3182

J. MURRAY

T. NEILLO

G. SWIECH

Attached to this 10C is the artwork and the fabrication drawings for the test bed printed
wiring board being used for the EMP| program.
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TRW
EMPI
P4040 6 NOV 1990
BOARD AND STENCIL ARTWORK LIST

-1/1 LAYER 1 - ( COMPONENT SIDE)

-1/2 LAYER 1- ( COMPONENT SIDE ) STRETCHED .003"
-2 LAYER 2-(VCC)

-3 LAYER 3 - (GND)

-4 LAYER 4 - SOLDER SIDE

-5/1 MASK - ( .030 STANDOFF DOTS )

-5/2 MASK - ( .020 STANDOFF DOTS)

-6.1 SOLDER PASTE (UPPER)

-6/2 SOLDER PASTE (LOWER)

-7 SILKSCREEN ( REF DES)

241




A

I

1
" (140 M
2wl
alovmom M ll)!
s (RO e in 14 ‘l) -
alll: Z W S
B 200 JIN
0O .
- T : SR
HEESRG N E g “ sjnanad R (I
mer . als I -
1.:: 0 ® o a
“Ughiel b afefal [sfofo] fafe]e - 0 ..
inla (L L 13l zleease “ o
- Hllaadey )
W slajressg . 1§
! :
’ K g N
HECERX EERES N
; f
f LJ_-

qm
i
n
,
7
‘l
+J
=<
=
R
e
.0
Gankt £33
[}
3

L1ETN
]

o n N
a. P et o - :"l——.— s S — — e et - ] _ _ . !-
HE gy A .
\ s [';l - S I
N 4 : -
A - s
Wit e R nat q S -
N T \lmm:ﬁ ,ummuu ,un?unn 0 nnju::nn u‘ u 0 - ;n" ; ]'I| -
=44 jpusy) oy gun 3N o
v of il EE el EE Rl ﬁ el EH 'R‘E . i
R LTI T e T T ik 5
b (st HE ey BE o0 A Py T I
o u,...u HE thad EE flaell EE ol E H 8 ﬁ‘l l[II] 1h n L]
~ ”””‘u;l“ mm‘unnn VINNOY gunna N sumn 8 o&ac® n o " Z
o R ﬁﬁ ] EJBBH HOI I nnmm§ E'dnl . T :1?";;:
of fPay u e -
p 'rm.'." ,,‘mm‘qxuﬂﬂn . E ] 335333". r n
" [ ' gog M n gy, S i
" _ muu ,:uunq ABAa | gy, ¢ ",,'1':',"“ H.L“E' 3 H
o ‘; n:gl 1HEBH 0 0 0" aa a Bsell ::::::::3 |y "
l”"” J‘mmﬁ“’ﬂﬂ-ﬂ: :nm‘m :’,«:Mu I:;l’l'l'l'l‘l'l': nu“ ©
L1} ) " R ‘.H
u‘:' H” (x] H? EE ‘x" HH “H’ HE 2’5 l-lm:mnE* [
g e “""" | B [ i 3nA, 2 e | 8 s 3 sAOHOHAD
T PRV ETEATEST IR I N S HHnHAH I
? TR "uu'pn el anee wnanar U gl e N RN
ady | (pouy A Poeg # 8 Pom 8! i
l ||||]| nmnﬁﬁmnmﬂﬂmnaaﬁ n:éa;ﬁl o : elelelelzlels
L g uomlxmn "muuum l\ll’lll!lﬂﬂ ‘unuvl'nn e ﬁ N bE]
Y_.§: it T o 0. u. ] 1 py D BN - .
— | — - _‘ .
N oo e ~n
NR 2N & g 8 @ H
. o N ° |..l ¢
/ . w2 : s -
¥ 5 " ik
2 bis oov cmem - Lo ) oo
N fi
e PN 1 9
b . °
: @ ! j 2 o
5 -; il




LS B2 -1/

)
jc

‘\

-p""I.l.'...l.l-:‘

-__E___. - 5_3__ - 5.__.-

- __E____ - __E.___ -
- __3___. - __E___. ._.-._3_. - ______.-.. :

8600000000000 00000000004000000 00000

(COMPONENT SIDE)

6 NOV 1889
SIGNED BY QC DESIGN

___“..%

IR 1

-

uun MM w.n.
= Hle
Al 2333 .8 5l
dd E des
Sirrrr. £
kh mlil
T?T =
& d
TT
b 3 3

-~
-

P.4040

TRW
EMPI
LAY

D

f.

Ilﬂllllllll!l}lllllllﬂllllll

i :E.._-.... L

SRR

L]
e
®e08sssacssnivesetaniseccsssnnancse

Fs
LL]
REY

LfY

\'. l
.'. '
.l.

\-.

=§E§
u
m

!.kkhh

.{

i

l-.lll'll‘.lk'll'

'.k
“..n.—..n.—..n Be o
2 e SHTJHC = SHIL

mmm S S
mmmw@snausﬁz
..........wWNMWmm; SE

mr nr

...._..__:_ it _____ ..

1mmmmmmmm

...-.l.-..-.t'OQC..‘.I......'...‘..O.

-umnmm

..J|,
‘ol'-

41 F
wx (O -

e s

IIlllllllllllllllllllllllll

- po (AT -

.l..:E«!
-
T
HETHR __ _. :

245

=

—_—

=~

L

Anng Besf O gama
[ 3 a —— -y *
aZjm .I-.n" "uum.u. =2 =

~= = A
=_: oI e

.-_ILI oli

s e

G PPODD 000000000 CPBTETTE 0 » 855 e sS08 0

i

- ..___-. .-_==

ven ] e tmm @ WO oomn ] =o

dheciiesiberibeocibeotdenibociieriteni)e

T RENEEER EFLFE




— am— S — B e S— — —— Ad— . . . .

T..l.l.l...l.l.l.m

e .___ﬁ__ - .__E____ - ._~__Mn“..“_._____~ b r..w_mg"_n_%ﬁ_ﬁ .ﬁw.

a=s =2 2= 8 Bew =

’ e e e 5 m_._." i
G | ____~___,_n.w.,:___..-".“...,ﬁ_.‘...... e w_, et B
) ocd . BE.-E®:E n“ mu = ReiEl fe it "m" s ..:..m
e K m. .““““mm__...”____. e ,E_..... Sl iy 3 L.._ ag____ .
U%D o\/” ml.m.ml;.-u...unh. lmhkkh 3 _.F_wn.....l “d _—: ‘= m
o v n [ AR S ! e
B0 hgrt Bl s i e il o
o B UELTEE L S
~ god P Dl e RS S
Xeesin - - . ul.luiumm mnu.nnu TYTY __ ___ .28 _; H i
—Eal 1o gnermlicneigadis 2 LR T . ._3__ T
cee Bt Tl T e U e L S H.r
o PR B e el ard el el Ll :
F St il 220 (TaedT T T .”..____m_.-uml m
Fq 8 i Y 5 U U U el pak
R ik S ALl Sl il Sl .nmi
¢ PO T nu_____n“ mu___m__“_u.w_u_______u_m el
— H e SRR g ShatE ohodc it S
_ deis . .:%a_agf,”w. ._;___E_._ - :E__:. ...“ __&E"_: - ._.w___m___.. :.

N

-

RALL

-
—

D .23 OV

246

TCHZ




T128532 TR T
P.4040 6 NOU 1990

LRYER 2 - (VUCC)
@ DESIGNED BY QC DESIGN

T —

I HH . R
0 @ e
e @i oL
televesesetts 3 %O
sanssaaiiil, e
TEHENECNSE 113 BEcr et
) :’ ‘e: 2 Zo; T TR Lt Lt
R TSR Pr L el
EEAREIRTYE IR RN oy 2o o ® e e e *
| x: -—-ii s i ; i S ilveeeeessentt o
dretliiiiimniimg Becl -
. | * . L“ o:- .. .:. ° . .. .:o ) ] .:
& 5
apwe (AES oz 10002 b3

2oz 236 rowtic 1M Tume %0 O x-S Rorere - Bo COIET - Zox LI -

247




z
o U
o H
. o n
_ = w
] _U)D
cauou
_ ZZO
: ©
I O - >
. m
' |
i (o]
’ M ul
_H o z
. 4WG
' HoulH
Xav>wn
F -Tu
—Wa 00

DORN Y ‘. o & [ ] [ ]
. ooio o 000800 o s e X}
ooooo 00000000080000008
seeee ooooo o. o oooo 080000060000
ooo ouooooooOoooo
soe oee
eees Peeee o * oo see
oo o0 [ XX
eee see
: ¢ ostoes s oocoo see ose
»® o sseee o 00 eoe
ose P4
ee e ssoes se e os unoooooooouuu
. ooo esscsssensece
- 00080000080000
“esee PYPre- oe 00 e es e .
e
90 9000000 % , een0 O 0 ooo L] ° Y
oooooo oo!.. . ° ® s ecees® o
oo oo . oo oo o o0
L4 L4 I I I I XYY I YY) e 0o ’
Cie® e o0 eoses0oovesee lr © 80000 o ® L]
LA ssse0s000000e e
see o0 XXX}
nnn "oooooonoooooo eee ees 1 "7 soce o
. e s o eee eoe ooe o oooee 0
eee eee e 00
~ - ooo “ . eee see L4 s oeses e
o0 0 ose see
s oo oo e O ST 2 ssee
css0ccesnntss < sesee ® e o .
‘e o00 @ uooon e o s o ee0otecovosce e o~ ° ®
. X
o8 Sss oo [ S-S .ﬂnoo.ooo.oo-onn ¢ ce oe o0 00
o oo . . o o .
o ~ o ~ ce e - . R sessss e o
) .
soo0s °® oo. N oo 00 o ® 0000 @
°
eese s o ses s co e s e of ...ooo -, ® soses @ co e .
e o000 o 00000 ooo'oo o000 s 0o e  eeeee b “
B
o~ % uu *ce ~ LIPS ooo coo too [ oo o0 u
L e ® : e® e soeee o .
‘e eee 0 & sece e e eee & o ses @ ss cssse s, 0
i oo ose
. o, e* ooo Qe 000 -ooooo oovcoo ee o0 .
esesscscesecede es ooo L4 L4 °
ses0000000000 . Ce G .
esssecscosese e ® o® Y XY
see see . 3 .
""n n“n e oes s ooooo * o!o csse s U0 0 oseen o o
see ces et Setees e , @ o O DIeesN0 8 0 ceesess @
oo YY) .
ees veo ooooo Y] coooo TR XY .
e0e soe g ° e e
*0008808C0088 . D . .
e0s0000000000 ooooo FYS T ooooo TR .
ee0c0s000000000 -
e e 20 o4 © o0tdose @ .000.00.. 000000000 "0 0000009 & e ®
. P . ey . o ° o Do .

ojo

-—

248




136252 - & TR

EMPI c——
P.4040 6 NOU 1990
LAYER 4 - SOLDER SIDE

i DESIGNED BY OC DESIGN

RN L e

L PRI I

8000090000000 000000000 0300 sscosce @ P 9000000000000 000R0I00R00RRNRRE0EREL
sesesessssesees AT AR - @ OFecccsvescrcrecescssscisesrenne

*e
. . . . . . -
. ae? P USCES 5 0 BSess 8 © Bseas 8 O PRees ® nosssss 8 B Sessese -
.

. e X [ X) s sn .,
tlllll:!llll::l « % % L9 U B S B 4o 8. 8 L, FEBE ,, NEBE
ssasssseses e slls 89 slle s¢ ofls s l.I ] .« 80 ® ]
ssssesSapedsRa [ a8 as® ae »e »e 1]

L] ass s ) e (] HE™ s 33 @ . 3
see ess ° . . .. o B, 5,8
L]
.ss -‘ ons o Uoses sesne sessse sesse® g S .2 8% eass *
ase S esa Seete & D SNear » D Ouese 6 8 Ssens " o .s .
sesn . ene . ae [ %] se o o ssssses sssssse
LA 288 [ 2N ] e ®_ 9 s ® ae P _* o .
sse ass 2 oame 22 am: 35 ame 2P ams 5 sesecue n,f mesenss .
sesssesssanss 8 e A8 U as Jg. 88 gy e sw
sesssasenmEss . P o o -» lll: ve :.-: .
PEBEESREO0NR0ES 4, Gaupss ¢ Beves neees’ ® gsess o§ °* H H
e ®e oo s o5 s» ®s s es o 2 -.' 4 "' 2.
. [ s @ s 88 &8 (-]
sssenes o ssess o o OBess e e en oy BF 88 88 0 3 Lo 5% srsme Y,
. ®q (X) s® 68 s 85 s as g * L 3] -
e WO BE . . - » ms @ © UUewves sssvare
: "’ > 3 '.' - '.' §* v o > 2880808 8 , 8 S8R0 5 B
] lnl ) ® o9 % ss & i . e o e .
s s e ot s L4 e oL seas L, SREE
e 8 geaw °® sssas seess s % os s » es ... 5.
L ]
- B % ecss Bon Gaesr @ B esssssssssasees 3 » I > 3
sesese’ . Y - seenssesbOBOD as es es bl -
. » P . ® svesondunsssns » X s
* : ssseser .= slBas 55 sle » * ':: ::' o WSwesse snsses
& s 83 g, 8 o ¢ . sssense & o 8 sRsenss
TEX) . .s . o sesm ses .
L] L] . s [ X ] L s b4
‘E. o BPORS sesse evs sss . :- [} ] s :. n: .

. . ®sese § @ Bacen ¥ @ ::: ::: : . H .l' .
ee "' LY . "% L s e ® osssscseesnses 8 gaus % gepes * &
asesnse 5 ole 35 s 5 ° sssassssassase ) LI Y [

. o8 N s B, e ssssscsssansasse . sasasee .
" B sescnss [ (¥ s * e e ® weess & & weses .
e s » seese ssene . ° - ] [
. "3 RO « " L e 8 : P :'. e a ., ®
[ ] » E ] evsne o & SBePd @ [ ] sssenns esseses H -.' . H ... »
. -E. " . o8 . LY [ 3 . e% g * 8 L
. [ X [ ] as an . [ X s [ I ] [ ]
[ [ ® sl ss e o ¢ - e .
. eees 65 2B 3 oBr 3 s -.- t: -.- s Joees o weses
- .y .s a2 *» 8 8 ® *» 8 [ ]
ssussee asese sasse ss as sn 8 aw ne
4 « s s L ssvessonsssnssse °
® ® sescses ¢ & . asennse *  sessves - sessmeesvenes
« * ® ® geeesesr 8 » . [ sesssmssnnass
a uS® se [ [ [} L3 | ° ans sss
s » . sem nes
.S .« O B0 s 8o o es 88 g 4 B ER
® -!- . 0 e 28 » s 338 o " 8 8 @ s s°* (XX sns .
. H ] [ ] s 8 . ees ane
o8 o . s e s s e ® s p s @ s 88 @ v e ees .es
® se e ® gaee " P gope B gpee * % gaes *
. . s s . ® . ses eoe
- P 'Y [ R N ) L B N )
. . . s sssssmsasseca .
® ®8 @8 eg o5 88 Se 88 se P o . esasnasansans
sssssesseeseeRy
. ve LX)
. oe [X) s s .
. [ LY
. . . . . . .
[ EXE RS YR ] L Y R L AL LA ] G00OPINSESIBPOOPIRGIOGSINLS CXI T Y ] ] saves
................... Ly Pyt A Y A I T Y Y T

249







R NCE
~ r
a.\;

>




TR e
EMPI

P.4040 6 NDU 1990
SOLDER PASTE (UPPER)
DESIGNED BY OC DESIGN

[rsen T T T T
[ ]
Aty
b A L L L L
coavtaddiioatia B BRI A T e R e
E&¢ =2 283 E3 1B I |
S UL Jupu _Wu_ _wpi_ _mpn_ i
£ EE £ S £ £ £ & z = =
£ E "™ Tun™ “nmn™ Tam™ S = = =
£ = 58 =B R = 2 = s
g E o, . _mpu_ _yun_  tmn_o o annn o
= E Tmn tm mn mn 2 s = =
R Sg g 52 UD BD N ND OB = s = =
G R 38 85 A3 85 a% 88 S z = s
& _Wph_ o agu_ s 81 BE AT BE B S0 e Cmnn
s = S E S = S owomnouxoaonoun LI L
= S Suw” Sums MW S EmlmE ':'mlmE
“oonen” L LR == &£ & £
L o LR g E Tmw™ “umn”
M = = = = = = = | B
= S "™ “um” E E wum T
= L1 LU )| LA £ = = = - m
wwmm g2 £ 2 Z “mw” T
' o S D . -
. .'-.mlmi . g Mt . . LT (LR 1 S,
w = S U, MR s S 2 Z Zm
s S EE£'E & s = s n w”
(LU 77 i 11T T~ s = == " o
(I L 3 mun . & = =
mjn s = =
s s _mpn mpn i wpn_ = g
= = = = = = = = = = = E E
=: £:% £ E£: :: £ S =
“nim” "mlm" T Twem™ Tunm” E g
TERL 1" TN g = =

[ | I [ | I EREERD . . T

I e T R A A e

252

P

 em




—— ~
=2 ‘Ls/.;

EMPI
P.4040 6 NOU 19890
SOLDER PASTE (LOHER)
DESIGNED BY QC DESIGN
frsen T T T T T
o
e L L L L L
L AL L BRSPS TR
; B 83 8§83 @ER &GB nn
IR g "l" -"l" -"l" _mpn_ s
E =SS ES g2 g5 E--5E--E
£ E Tt T Thaim Thaitt 2 = = s
£ = 53 3 s Ee ez £° %
= E -".l."_ ., g nan e
= ES'EEEEE EE mp_ s
= = mn mnn i T~ S *S = °C
B Rg g0t 51 N1 N3 oD B3 = s = s
T e B B0 81 #2 B2 m0 M1 Se o Se oF
LI LU LU _ulu_ |||u I Al 51 0 oA N mnn mun
m =" °S Seez Zeez 11 1oL N na LI
= S S ex S o= 11 11 g
Se oz fHH_ N RRURIR s ! = = o =
£ s i i = E Twmn™ Tumn”
Hp_ = = = = = E = L
ez TimiT Taan = E _wmpu_ _mipn_
s s (I ] (N Bl EcSe'es So0 oS
Se e _um_ _mp_ w= ECe e ¢ o= m
Hunt zeez zeez = E Twam” Tnn”
ve =i"“: -—“".‘: PRI EH T " B
N EH-II'-"E _— g B . . M _u.|.n_ -
- = Wn_ _nn_ " UTTTIUN :..:. -
= = s E'I'E -_-__OI-E Eml ez =l it St :.
o™ Sttt Ee oF S o2 = T mummmmmm
e s L mnun mwan” = = =
nipn L S £
Se ez _ipm_ _m|m Supn_ £ £
. £ E E°°f E°°Z E°°% E°°:f E £
= :':_o = go o§ §o .= §o OE Se o= = £
mun i win” Tom”T Tman” B =
" 1o oo = =

TRW —

| 3]
. l l l l I l . . l l l S;

e

253

ARG




SILKSCREEN

T T

AL

T

CP1

L

P31 P2
— = (-2 S -_— —
v 22— e T e - w —w —“%w ZT%w
r’- _] r hl r ] r ] r “ r a2 r b
[ ) & - & el - o
=1} =X =]
™ —24 us = une 3% "y . S . 4
r - 4 - r ~ r - = =
ui2 -
r - r -
[N o [N Fl [ - [ -
L ._[.i'i _. R -z R - B - uLs
—f-uug B BN IR RN TR TN -t Y
v14 e - - - - - -
. S . . R IRICRMIRS SRz R RS 3 . i =
H T RO R0 R T RR2 Rz R4 = —_
TRt - - - - -
4 - vao r - r w2
o - J_u. 4— — ~
=1 (7,1 20
CIE_L Vi - = .. l
— UL L4 - r bl ~ ) . <
r h = e § |-/
S J—L ngl r - P -
= Y-
1-1) - - o
r - r ]
o b ! I . s s 1
[¥-x
— . 4 [ B o T @oL- _j w2 = ma
8 T 2 = - i r b r -
we 2 W __ e T m— W\ _ ||E
II r h r " gr A -~
E [ o - ) -
[Sx i) —
me_"- -‘-n. ) . 4 II ll . a2
—_ B o =2 - 4 v 4 { —.l
s 36 <
r - - u \s9 b
r ] r - r b} r -
ci - 4 [9 o [ Y o - 4 [ o4
Dhgn, Régr . ™. PR, . cay —
Ca3 Caa Cas Cas CA> c48 L —J
— — —_— — i

z

254




‘siJed jo S1as g€ 8yl puohAaq
sjuawaJinbas |euolppe 108))8) Sled 8say) Joj saulueny ,

"SMOS GMd 995
VIN | Bmgesg| sunond woinp|  sedAi 2 jo amd £ ‘sedAl v jo SGMd 2E| L0SL | 2vL } amd
HOLL X MOSL" X 7582
1949IN( Jjopoedes diyo
ede; |uosepjog] es0813/00doiN JOpUBA dwes woig ces ctl 9 wnjejuey
HSEO0" X MOS0" x 081"
19%OIN Joyoeded diyd
ede} |{uo Jepiog - JOpUBA BWES WoJ4 1285 | 2e4 | 2v sehepnw dwesd)
19%0IN HOPO" X MOSO" X 1G.0°
ede; |uo Japjos . Jjopuana awes woi 1925 | 2eL | 8E€ ijoisisas diyp
dig JaA0D Yum ased
agn) 19pJos IL JopuaA awes woi4 60LL | 2€E1 8 001 ud ge v
o
dig 13A0D YliM 3SED
aqn} 13p|0S 1L Jopuaa awes woid g9gelL | 2eL ]| 01 001 ud 82
dig J9A0D Yim 3sed
aqmi 13p|0S 1L Jopuaa swes woid G6ve | 2¢t g 001 ud 02
19%OIN suinog (10puaa Jed 13A0D YIm
Aei) uopioo | ‘MIN ‘B1300AY sued gpl) SI0pUdA p woyy uielqQ .9.S ¢t € 9sed (Jd4 pea) eei
abexoeq | ysiui4 JOpusp SO|ON wie %gl shun (hun/fl1o uonduosag
buiddiys! pean fenuajod /M ejog

lealeiy Jo |ilg amd 199loid IdWN3




-1.-'
& FXWW . ccrronic PRODUCTS INC

COLORADO SPRINGS. COLORADO
CODE IDENT 07367

( TITLE )

ELECTRONIC MANUFACTURING
PROCESS IMPROVEMENT (EMPI)
FOR PRINTZD WIRING ASSEMBLIES/BOARDS

PRODUCT ASSURANCE PLAN

DATE: rebruery 1z, 18

o

- NO: EMPI-001

o

REVISIONS: See revision record

7 > ;
< /4
PREPARED BY: ” éiny,«,/ /;'(7‘-/"'"/

Nermer N. Hahn
Proauzt kcsurance

APPROVAL SIGNATURES.

ol

T Toone Lane Peter Giaser
//// TPw IFD Proauct kzzyvenic EM=. Program Manzger
Merizger

TRV SORM 83-52¢ 257




_’ ’ -'.'. REVISION RECORD
Electronic Products Inc. NO. EMPI-001
RzV. | DATE AUTHORIZATION CHANGE JS I,

_—— New Release

by
“
m
u
~)
C
4]
[8]
IN

259

(FILE DIRECTLY AFTER COVER SHEET)




1.0

2.0

3.0

4.0

TABLE OF CONTENTS

PURPOSE

SCOPE

MEASUREMENT EQUIPMENT

PROCEDURE

4.1

IR REFLOW EXPERIMENT, T1/PC

4.1.1 Process Measurements

§4.1.2 Response Measurements

FINE PITCHED DEVICE TINNING, T2/TM
4.2.1 Process Measurements

4.2.2 Response Measurements

PWA CLEANING, T3/JIM

§.3.1 Process Measurements

£.3.2 Response Msasurements

FINZ PITCHID DEIVICE LEAD FORMING, T4/TM
&.4.1 Process Meesuremanis

&£.6.2 Response Msasurements

PLSTt REGISTRATION, T3/JM PART 1
4.5.1 Process Measurements

§.5.2 Kesponse Measurements
COMPONENT PLACEMENT, T5/TN PART 2
4.€.1 Process Measurements

§4.€.2 Response Measurements

-~

261

EMP1-001

e
a
Q
4]

-

mmmw\nwmmmmmmh.&bwmmm



1.0

2.0

3.0

EMPI-001

PURPOSE

This plan describes the methods necessary to measure the experiment
results from the Electronic Manufacturing Process Improvement (EMPI)
program.

SCOPE

This plan will define the equipment and measurements to be made to
evaluate the results of the five experiments in the EMPI program. These
experiments are titled and numbered: T1/PC, reflow; T2/TM, tinning;
T3/IM, cleaning; T4/TM forming, and T5/JM and TN, paste and placement.

MZASUREMENT EQUIPMENT

The following equipment will be used to measure the results of these
experiments.

EOUIPMENT ACCURACY REQUIRED
Coordinatogreph -

Corcex RM 30 0.1 mil
Optical comparator -

Deltronic MPC-1 0.1 mil
Microscan model 150 0.15 mil

Microscope - stereo zoom
with Unitron WrhH10XR
reticle eyepiece 0.2 mil

Zeiss universal micrescope
with Unitron filar eyepiece 0.1 mi)

Zeiss universal microscope

with Nomarski difference

interference contrast and

Epiplan 4.0 or 8.0 objective

with polarizer 0.1 mil

Cie’ micrometer 0.

"—

mil
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4.0

EMPI-001
EQUIPMENT ACCURACY REQUIRED
Surface gauge 0.1 mil
Thermocouple 1.0°C
Wester lonograph 1 pgm NaCl/sq-in.

model ICOM 4000
Oven 2.0°C

Faxitron x-ray 1.0 mil
with Kodak M film
or equivalent

PROCEDURE

The measurements taken and recorded to evaluate each experiment will
follow the detailed experiment plan. The measurements for each experiment
are identified as process and response measurements. Each experiment is
addressed separately in the following paragraphs.

IR ReFLOW EXPERIMENT, T1/PC

The following measurements are planned.

4.1.1 Process Measurements

VARIABLE EQUIPMENT RESOLUTION
® PWB thickness Dial micrometer 0.1 mil
s PWB plating By visual inspection
m PWB plating aging Steam ager 1.0 minute
® Tinned lead aging Steam ager 1.0 minute

m Solder paste
stenzil thickness Diel micrometer .1 mil

p—y ——— ———
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VARIABLE
B Solder paste aging

m Solder paste
placement

m Component placement
4.1.2 Response Measurements

VARIABLE
® Solder joint
reflectance

B Solder joint finish

® Lead pacd alignment

m Solder heel
fillet height

B FPD soldered
lead de-wetting

-
-

® :P0 soideres

Teal soiger voiume

EQUIPMENT
Oven at 95°C

Zeiss universal microscope
with Nomarski difference
interference contrast and
Epiplan 4.0 and 8.0
objective with polarizer

Same as above

EQUIPMENT

Visual comparison

Visual comparison

Zeics universal microscope
with Nomarski difference
interference contrast

and Epiplan 4.0 or 8.0
objective with polarizer

Microscope - stereo zoom
(Tocked at 3X) with Unitron
WFHI0XR reticle eyepiece

Zeiss universal microscope
with particle-counting

grid on video monitor

Visuel comparison
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RESOLUTION

2°C
15 minute

0.1 mil

RESOLUTION
Flat (1) to
specular (5)

Smooth (1)
to rough (5)

0.1 mil

0.2 mil

Standard to be
established




VARIABLE

m  Solder balls

Solder joint
temperature

EQUIPMENT

Faxitron x-ray with
Kodak M film or
equivalent film

Zeiss universal microscope
with Nomarski difference
interference contrast and
Epiplan 4.0 or 8.0
objective with polarizer

Mole with thermocouple

£.2 FINE PITCHZD DEVICE TINNING, T2/TM

The following measurements are planned.

6.2.1

Procecs Measurements

VARIABLE
Lead aging

Lead cleanliness

® Belly-to-toe

4.2.2 Response Measurements

dimension

VARIABLE
Solder coverage
at calf

EQUIPMENT

Steam aging cabinet

10% solvent of oil

Microscan model 150 (with
PRS 150 laser sensor)

EQUIPMENT

Microscope - stereo zoom
(Tocked at 3X) with Unitron
WFHI0XR reticle eyepiece

EMPI-001

RESOLUTION
1.0 mil
0.1 mil
.
H
1C }
i
RESOLUTION

0 to 6 months

Clean to
contaminated

0.15 mil

RESOLUTION
0.2 mil -




VARIABLE
Solder thickness
at calf

Non-wet solder
surface

De-wet solder
surface

Icicles

Lead-to-lead

gep recuction

¢.3 PWA CLEAKNING T3/J0%

EQUIPMENT
Metallurgical microsection -
Zeiss universal microscope
with Unitron filar eyepiece

Zeiss universal microscope
with particle-counting grid
on video monitor

Zeiss universal microscope
with particle-counting grid
on video monitor

Microscope - stereo zoom
(locked at 3X) with Unitron
WFH10XR reticle eyepiece

Zeiss universal microscope
with Nomarski difference
interference contrast and
Epiplan 4.0 ‘or 8.0 objective
with polarizer

The following measurements are planned.

£.3.1

Process Meacsuyrements

VARIABLE

Time since refiow
Feflow temperature
Nitrogen environment

Component standoff

neichi

EQUIPMENT
Timer

Thermocouple
Oxygen analyzer

Surface gauge

EMPI-001

RESOLUTION
0.1 mil

Visual
evaluation

Visual
evaluation

0.2 mil

0.1 mil

RESOLUTION
1 minute

1-C




VARIABLE
m Solder paste vendor

4.3.2 Response Measurements

VARIABLE
8 Visual
cleanliness

m Ionic
cleanliness

EMPI-001
EQUIPHENT RESOLUTION
Vendor designation N/A
EQUIPMENT RESOLUTION
Comparison to visual 1 to 5 units
standards

Wester lonograph
model ICOM 4000

1 puem NaCl/sqg-in

4.4 FINE PITCHED DEVICE LEAD FORMING, T4/TM

The following measurements are planned.

4.4.1 Process Measurements

VARIABLE
m Lead colinearity,
skew

B Llead thickness

B Lead package
egress

4.4.2 Response Meazsurements

VARIABLE
8 Skew

® Coplanarity

m Belly-to-toe
dimension

EQUIPMENT RESOLUTION
Coordinatograph- 0.1 mil
Cordax RM 30

Optical comparator- 0.1 mil
Deltronic MPC-1

Microscan model 150 (with 0.15 mil
PRS 150 laser sensor)

EQUIPMENT RESOLUTION
Coordinatograph - Cordax RM 30 0.1 mil
Microscan model 150 0.15 mil
(with PRS 150 laser sensor)

Microscan model 150 0.15 mil

(with PRS 150 laser sensor)
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VARIABLE
m Toe-to-toe

dimension

m Toe angle
dimension

R Toe burrs

EQUIPMENT
Coordinatograph - Cordax RM 30

Microscan model 150
(with PRS 150 laser sensor)

Microscope - stereo zoom
(Tocked at 3X) with Unitron
WFH10XR reticle eyepiece

6.5 PASTE REGISTRATION, T5/JM PART 1

The following measuremenis are planned.

6.5.1 Process Measurements

VARIABLE
B Fucicel pac
stretzch

¥ PUWS pliatinc
p <

®  Solder pasie

vendor

6£.5.2 EResponse Measurements

) VARIABLE
B Kegistration

B Smsav

EQUIPMENT
Coordinatograph
corcdax rn 30

Ey visual inspection

By vendor designation

EQUIPMENT

Zeiss universal microscope
with Nomarski difference
interference contrast and
Epiplan 4.0 or 8.0 objective
with polarizer

Same 2s above
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EMPI-001

RESOLUTION
0.1 mil

0.15 mil

0.2 mil

RESOLUTION
0.1 mil

N/A

N/A

RESOLUTION
0.1 mil

0.1 mil




VARIABLE
® Slumping

m Thickness

m Spikes

EQUIPMENT
Same as above

Microscan model 150
(with PRS 150 laser sensor)

Microscope - stereo zoom
Microscan model 150
(with PRS 150 laser sensor)

4.6 COMPONENT PLACEMENT, T5/TN PART 2

The following measurements are planned.

4.6.1 Process Measurements

VARIABLE
® Solder paste
ooen time

® PWB plating
m PWB thickness
® Tinned lead aging

B fudicial pad stretch

4£.6.2 Response Measurements

VARIABLE
® Llead/pad
alignment

EQUIPMENT

Timer

By inspection

Dial micrometer

Steam ager

Coordinatograph-

Cordax RM 30

EQUIPMENT

Zeiss universal micrcoscope
with Nomarski difference
interference contrast and

270

EMPI-001

RESOLUTION
0.1 mil

0.15 mil

0.15 mil

RESOLUTION

1 minute

N/A

0.1 mil

1 minute

0.1 mil

RESOLUTION
0.1 mil




Lead and toe
overhang

Chip components
overhang

Heel clearance

Leadless chip
carriers overhang

Lead penetrztion
into solder paste

EQUIPMENT
Epiplan 4.0 or 8.0 objective

with polarizer

Same as above

Same as above

Microscope - stereo zoom
(locked at 3X) with Unitron
WFH10XR reticle eyepiece

Stereo zoom as above

Microscan model 150
(with PRS 150 laser sensor)
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EMPI-001

RESOLUTION

0.1 mil

0.1 mil

0.2 mil

0.2 mil

0.15 mil



Cost of Quality Worksheet

Dept/Area Burden Rate =$
1 \
|A. Prevention Costs P
v 1. Training (New Hire, Internal/Guvt. Std. In-Service)

# of New Hires
x Hours Training/Person
x Burden Rate = $

+ (For Internal Certification)
# of In-Service Personnel
x Hours Training/Person
x Burden Rate = $

+ (Government Standard
Certification)

# of In-Service Personnel
x Hours Training/Person
x Burden Rate = $

|

2. Documentation
Time spent preparing and using
documentation and Forms for new
methods and machinery (hours)
x Burden Rate = $

3. Maintenance and Calibration
# of Downtime Hours
x Cost of Downtime/Hour = $

Cost of External Maintenance/
Calibration Service 9

# of Internal Personnel
Involved

) x # of Hours
x Burden Rate = $

4. SPC Implementation

# of Hours Spent Preparing/
Interpreting Charts/Person

x # of Personnel

x Burden Rate = $
# of Hours Training in SPC

x # of People in Training

Program

x Burden Rate = $
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A. Prevention Costs (continued)

5. DOE

# of Hours Running
Experimentation

x # of People

x Burden Rate =

# of Hours Spent Preparing/
Interpreting Data/Person

x # of Personnel

x Burden Rate =

# of Hours Training in DOE

x # of People in Training
Program

x Burden Rate =

NI

[«

. Cost of Hardware and Software
Needed for Quality Monitoring
. Receiving Inspection

# of Hours Spent Inspecting
Received Goods

x # of Personnel Involved in
Inspection g

x Burden Rate =

~

8. Vendor Quality Program

# of Hours at Vender Site

# of Personnel

x Burden Rate

Travel and Living Expenses
# Hours Review Vendor
SPC/Process Reports

# of Personnel

x Burden Rate

# Hours Spent On
Vendor Qual/Cert

# of People
x Burden Rate

T

Total Cost of Prevention (Lines 1 - 7)
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B. Appraisal Costs

1.

($4]

Inspection
# of Personnel

x # of Hours Spent Inspecting
(1st pass only)

x Burden Rate =

. Checking Labor

# of Operators Self-Inspecting
x Hours Spent/Person
x Burden Rate =

. Set-up and Maintenance for '

Equipment
# of Hours Setting Up
Equipment
x # of Personnel
x Burden Rate =

. Q.A. Review

# of Personnel
x # of Hours
x Burden Rate =

. Engineering Review of Designs

# of Personnel
x # of Hours
x Burden Rate =

. Cost of Materials and Inspection

Eguipment

. Cost of External Maintenance and

C. libration of Inspection Equipment
Total Cost of Appraisal
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;C. Internal Failures

1. Scrap Costs
# of Scrapped Items
x Material Costs/Item =

# of Scrapped Items

x Labor Hours Invested in Each
Scrapped Item

x Burden Rate =

2. MRB Costs
# of MRB Personnel
x Hours of MRB Meeting
x Burden Rate =

3. Rework

# of Internal Labor Hours to
Bring Product Back to Same
Inspection Step (including

re-inspection and retesting)

x # of Rework Items
x Burden Rate =
# of Rework Items

x External Parts and Labor
Costs to Bring Product Back to *
This Stage =

# of Rework Items

x Time to Report/Reorder
(Hours)

x Burden Rate =

. Penalties for Failure to Meet Schedule =
5. Cost of Specification Waivers =
6. Additional Production Cost

# of Personnel

x Hours of Activity

x Burden Rate =

w

Total Internal Cost Failures
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D. External Failures “

1. Processing Returns
# of Returns

x # Hours Processing Each
Return

x Burden Rate = $

2. Cost of Field Activity

# of Hours Spent In Field Due
To Customer Complaints

x Burden Rate =
Traveling and Living Expenses

& |

3. Cost Of Business Lost Due To Customer
Dissatisfaction (Estimate) $
4. MRB Costs
# of MRB Personnel
x Hours of MRB Meeting
x Burden Rate = $

5. Rework

# of Internal Labor Hours to Bring
Product Back to Same Inspection
Step (including re-inspection
and retesting)

x # of Rework Items

x Burden Rate =

# of Rework Items

x External Parts and Labor
Costs to Bring Product Back
to This Stage = $

# of Rework Items

x Time to Report/Reorder
(Hours)

x Burden Rate = $

——
——
———————

Total External Cost Failures $

........................................................................................................... -

Total Cost Of Quality (Prevention, $
Appraisal, Internal and External
Failures)

Total Failure Costs (Internal + External) $
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