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1.0 GENERAL INTRODUCTION

A summary of the most important findings of the Phase I effort - The
Contaminant Profiling System

1.1 The Problem

Contaminants on printed wiring boards and assemblies cause electri-
cal malfunction and/or failure. The most harmful class of contaminants
are ionic species. During the course of producing a PW assembly, many
different jonic species appear on the PW surface. Hopefully, the many
ionic species on the PW surface are removed by the cleaning processes to
which the PW entity is exposed during fabrication and assembly.

The only methods which were even roughly quantitative are those
measuring a parameter whose value is dependent upon the gross amount of
ionic material. These methods are the extract resistivity test (ERT) and
the insulation resistance test (IRT). An investigation of these methods
formed the basis of Phase I of MIRADCOM program “"Establishment of Produc-
tion Cleanliness Criteria and Processes for Printed Wiring Boards and
Assemblies" (DAAK40-78-C-0114). The principal purpose of Phase I was to
investigate applying the above methods to establish cleanliness criteria
and to critique their application. The contractual definition of Phase I
made it clear that any other appropriate physical, chemical, or electri-
cal test suitable as a production cleanliness criterion might legiti-
mately be investigated. The outcome of Phase I indicated that a
physico-chemical method suitable as a fully gquantitative, in-line pro-
duction cleanliness test did exist, but to make it fully implementable
required an additional prototype development phase.

The Phase I Final Technical Report (FTR) (24 April 1978 through
26 April 1979) of the program covered the current state-of-the-art ijn
testing for contaminants remaining on the surface of printed wiring
(PW) after processing. The extract resistivity test is based on meas-
uring the specific resistivity, p , or its reciprocal, k, the specific
conductance , of an isopropyl alcohol/water extract solution of a PW
entity. For an fonic contaminant levels 2 §ug NaCl or equivalent/cm
of PW surface area, the devices measuring this parameter are probably
adequate provided special precautions are taken. But such devices are
notoriously susceptible to absorption of carbon dioxide (COp) from the
atmosphere followed by its fonization in solution. This results in
deterioration of the instruments' accuracy. Insulation resistance test-
ing (IRT) is another common method of testing PW for cleanliness. In
this test method a voltage bias is applied across pads on a test PW with
subsequent degradation of the PW insulation resistance.

The chief criticism of both the extract resistivity test and the
insulation resistance test s this. Both indicate the presence of ions
and affort only a rough order of magnitude of the ionic concentration,
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.1 SEM/EDX

2.2.1.4 Discussion of Results

SEM/EDX USEFUL IN DETECTING GROSS DEFECTS AND/OR CONTAMINANTS RESULTING
DURING PW MANUFACTURE

The SEM/EDX data indicate SEM/EDX is a useful technique for detect-
ing gross defects in PW and/or contaminants resulting during the PW
manufacture, but it is not an optimal method for surface contaminant
analysis.

The first four sets (sets #1-#4; 12 samples total) all have similar
surface morphologies and composition as revealed by SEM and EDX. Stria-
tions caused by the abrasive nonwoven aluminum oxide brush {deburring and
scrubbing operations) are evident at magnifications of 100x and greater.
For these samples, Cu (copper) is the major component with a small amount
of Si (silicon) on each spectrum. It is believed that the Si originates
in the glass fiber in the base epoxy (recall that the electron beam can
“see" quite deeply into the material). Traces of Fe (iron) appear in all
spectra and are artifacts of the analysis system. The samples from sets
#1 and #3 (the cleaned sets) also show signs of graininess at 3,000x and
10,000x, no doubt indicating copper oxide formation. It is speculated
that the demineralized water used in cleaning these particular PWBs
hastened oxide formation on the copper surface (see, for example, Figures
1 and 2). Samples from sets #5 and #6 (apply resist, electrolytic plat-
ing, strip resist) have spectra obtained at the solder/Cu interface.
Intensities for Cu, Sn (tin), and Pb (lead) vary quite a bit from sample
to sample.

The photomicrographs often indicate crystalline material on the
solder pads; this is probably composed of oxides of Sn and Pb. A deposit
on sample 5B appears to be Pb Teached from the solder. It is interesting
to note that no Sn appears in the EDX spectrum for this particular sam-
ple. It is concluded that for this particular sample the electrolytic
solder plating resulted in an insufficient deposit of Sn. Al (aluminum)
was observed in small concentrations on the three samples from set #6. 4
The fact that Al shows up is also substantiated by the ESCA data, indi-
cating it is a direct surface contaminant (see below). The Al may arise
from contamination from the plating baths, or it comes from the nonwoven
aluminum oxide brushes used to scrub and deburr. The cleaned samples
from set #5 show much less Al.

Proceeding to the samples of sets #7 to #11 (etch off copper, solder
reflow, and flux/solder), E0X indicates several new elements in addition
to the elements found in the first six sets, namely Br (bromine), Cl
(chlorine), S (sulfur), P (phosphorus), Ca {calcium) and Cr (chromium)
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.1 SEM/EDX _
2.2.1.2 Procedure o

HIGHLY FOCUSED ELECTRON BEAM FROM SEM ENABLES FORMATION OF
PHOTOMICROGRAPHS

The SEM electron beam produces a secondary electron image of the -
surface revealing general surface morphology. )

Photomicrographs were taken at 100x; 300x; 1,000x; 3,000x (and some
at 10,000x) for the samples from all sets. The purpose of this was to
record in photographic form the general surface morphology of the printed -
wiring at different stages during the manufacturing process. Three )
samples were used from each set. Since 12 sets were used, there are 36
(12x3) separate EDX readouts.

2.2 DIRCET SURFACE ANALYSIS TECHNIQUES
2.2.1 SEM/EDX ’ ’
2.2.1.3 Data

DATA CONSISTS OF PHOTOMICROGRAPHS PLUS EDX READOUTS

The SEM/EDX data consists of select photomicrographs plus 36 EDX ] -
readouts.

Since it is not feasible here to present all 36 EDX readouts, four
have been chosen as representative of the technique. These are Figures )
1-4. Figure 1 gives the EDX readout for one of the samples from set #1 ]
+ SEM photomicrograph at 3,000x magnification; Figure 2 the EDX readout : ‘
for a sample from set #4 + SEM photomicrograph; Figure 3 for a sample ]
from set #7; and Figure 4 for a sample from set #11. The EDX spectra are T
displayed at two different intensities, 1.e., xl and x4.




2.2 DIRECT SURFACE ANALYSIS TECHNTQUES
2.2.1 SEM/EDX
2.2.1.1 Discussion of Method

SCANNING ELECTRON MICROSCOPY (SEM) MAKES USE OF HIGHLY FOCUSED ELECTRON
BEAM

The SEM produces a highly focused electron beam inciting the
production of x-ray from the sample which leads to a semiquantitative
indication of how much of the x-ray emitting element is present.

Scanning Electron Microscopy (SEM) makes use of a highly focused
electron beam (less than 100 A diameter) which can be scanned in a
raster on the sample surface. The intensity of the secondary electrons
produced at each point is used to form a picture of the sample. Magnifi-
cation factors from 10x to 100,000x can be obtained. The depth of the
field is inherently quite large, allowing the micrographs to be in focus
at all points across a rough surface. In addition, the SEM does not
suffer from the 1ight microscope problem of 1ight reflecting off at odd
angles and being lost from view.

Energy dispersive electron probe microanalysis (tDX) was used to
analyze for the principal components as well as low-level (0.1%) contami-
nants in relatively thick layers (several micrometers, um, i.e., about
10,000 to 50,000 A). It must be emphasized that this method of analysis
cannot be considered a form of direct surface analysis since the electron
bean "sees" quite deeply into the sample. The bombarding SEM electron
beam will incite the production of x-ray from the sample. The resulting
x-ray spectrum is normally displayed as an intensity versus x-ray emis-
sion energy plot. The vertical scale is x-ray intensity at each energy
position, and the intensity level provides a semiquantitative indication
of how much of the x-ray emitting element is present. Each element emits
x-rays of characteristic energies so it is a simple matter to relate an
x-ray peak to its corresponding element using a table of major x-ray
emission energies. This analysis, 1ike any making use of EDX, does not
include elements 1ighter than Na {(sodium; At No. 11) since these cannot
be detected by this method.

1
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Direct surface analysis techniques were used to examine the surfaces
of test PW after each of the above stages. Three samples were chosen
from each set for examination by the direct surface analysis techniques.
Since there were two sets per stage, there was a total of 36 PW samples.
The purpose of this investigation was to compare the surface
characteristics between the samples with respect to physical morphology
and elemental composition.

A total of threed different surface analysis technical were
employed:

1 Scanning Electron Mi croscopy coupled with Energ¥ Dispersive
Spectroscopy (e~ in, x-ray photons out), SEM/EDX

Auger Electron Spectroscopy (e~ in, e~ out), AES’

Jw |ro

Electron Spectroscopy for Chemical Analysis, (x-ray photons in,
e~ out), ESCA (somegimes referred to as X-ray Photoelectron
Spectroscopy, XPS).

Solvent extraction/analysis techniques were used to analyze solvent
extracts of test PW after each of the above stages. Two samples were
chosen from each set for examination by each solvent extraction/analysis
technique. For this investigation the goal was to compare elemental and
ionic composition among samples at the different manufacturing stages.

A total of two? different solvent extraction/analysis techniques
were employed:

1 Induct16e1y-Coup1ed Plasma Emission Spectrophotometry,
ICP-ES

2 Ion Chromatography, 1cll,
Each one of these techniques has its own particular strengths and

weaknesses; it is appropriate at this point to discuss them and the
results gleaned from each.

10
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Scale of Effectiveness. The scale of effectiveness will be the
extent of analytical fulfiTiment of each of the viable alternative. For
this purpose an experiment was performed to aid in deciding between the
alternatives. The design plan of this experiment called for testing PW
at six distinct stages during the manufacturing process. These six
stages were:

Drill, deburr, chemical and mechanical clean

0o e

Electroless plate

j

Apply resist, develop image, electrolytic plate with copper and
solder, strip resist

Etch image (alkaline etchant)

[ [+

Solder reflow and rout to size

jon

Stuff components and flux/solder.

After each stage one set of PWBs was cleaned using conventional PW
cleaning methods, viz., solvent degrease (1,1,1-trichloroethane used at
all stages except the sixth-there 1,1,1-trichloroethane followed by
1,1,2-trichloroe-2,2,1-trifluoroethane was employed) followed by a
thorough rinse with demineralized water. One set of PWBs after each
stage was left as is, i.e., not cleaned at all.

To summarize, PWBs in sets #1 and #2 were processed through
stage 1; PWBs in sets #3 and #4 were processed through stage 2; sets #5
and # through stage 3; sets #7 and #8 through stage 4; sets #9 and #10
through stage 5; and sets #11 and #12 through stage 6.2 The PWBs in
odd gumbered sets were cleaned by the conventional PW cleaning techni-
ques? whereas the PWBs in the even numbered sets received no clean-
1ng.4 A1l PWBs used for this experiment were fabricated and assembled
at Martin Marietta's Ocala PW facility in the actual production mode.

2.1 EXPERIMENT FOR PROFILING PW CONTAMINANTS USED TWO SEPARATE PROFILING 1
METHODS :

The PW in the experiment were tested for contaminants using direct
surface analysis techniques and solvent extraction/analysis techniques.

Two distinct methods of profiling for residual contaminants on PW
were employed:

1 Direct surface analysis techniques

2 Solvent extraction/analysis techniques.

. .
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information on the kind and concentration of all solvated ijonic species
at levels far below what can be achieved by ERT. To meet the objective
as we have restated it then implies that a contaminant profiling system
must be assembled and intergrated.

However, this is not to suggest that the laser scanning system has
no merit. Clearly it does. A laser scan evaluation of the PW surface can
reveal many common and serious PW defects such as edge ply separation,
missing holes, solder bridging, cold solder joints, dewetting, etc. It
is thus evident that PW evaluation by a laser beam scanning system can be
used to great advantage for assuring proper process control over critical
portions of the PW manufacturing process. It cannot, however, in its
present state-of-the-art discern submicroscopic quantities of residues
left on the surface during the PW processing. Thus, although laser beam
PW evaluation cannot at the present level of the art meet the objective,
it can be used in a complementary fashion to contaminant profiling. That
is, it can be used for more rigorous process control for PW defects above
a certain dimension (> 10-%cm). With this assessment of laser
scanning for PW evaluation, we pass to the third alternative.

By direct surface analysis techniques, we mean those techniques cap-
able of focusing on and examining a minute portion of the PW surface. An
analysis of the different elements present on the surface is the normal
outcome, but one of the techniques (ESCA) can yield some valence informa-
tion. A total of three different surface analysis techniques hold
promise:

1 Scanning Electron Microscopy coupled with Energy Dispersive
Spectroscopy (e~ in, x-ray photons out), SEM/EDS

Auger Electron Spectroscopy (e~ in, e~ out), AES

|~

3 Electron Spectroscopy for Chemical Analysis (x-ray photons in,
e~ out), ESCA (sometimes referred to as X-ray Photoelectron
Spectroscopy, XPS).

There is no technical reason to suggest that direct surface analysis
techniques cannot be used to achijeve the objective. Hence, they must be
considered a viable alternative at this point.

Solvent extraction/analysis techniques represent the fourth alter-
native. By this we shall mean those techniques capable of analyzing a
solvent extract of PW for the kind and concentration of various ionic
species. There are two different solvent extraction/analysis techniques:

1 Inductively-Coupled Plasma Emission Spectrophotometry, ICP-ES
2 Ion Chromatography, IC.

Again, there is no technical reason to suggest that solvent extraction/
analysis techniques cannot be used to achieve the objective. Therefore,
they too must be considered as a viable alternative for developing a
contaminant profiling system.
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Let us briefly discuss the four alternatives presented above and
examine to what extent they are likely to help us achieve the objective.
The first alternative is the extract resistivity test (ERT). It is
based on measuring the specific resistivity, p, or its reciprocal,ythe
specific conductance, of a solvent extract of PW. There are several com-
mercial devices now available on the market which perform one variation
or another of this test. Such devices are notoriously susceptible to the
absorption of carbon dioxide (CO2) from the atmosphere followed by its
subsequent ionization in solution. This can result in a serious deterio-
ration of the instruments' accuracy. And no variation of the ERT affords
any indication whatsoever of the specific ionic species causing the de-
gradation of the parameter being measured (either p or X). The ERT is
quantitative only for the general class of all ionic species, or at least
those species most soluble in the solvent used in the test (typically a
mixture of water/2-propanol). But for greater product relfability and
improved field performance and also for better process control, it is
highly desirable to be able to identify each particular species causing
degradation and to be able to measure its corresponding concentration.
This the ERT in any variation cannot do. Hence, in terms of meeting the
above objective, the effectiveness of the ERT is low.

The second alternative is laser beam scanning of the PW surface. It
would seem at first that this method might hold high promise for meeting
the above objective. However, a moment's consideration causes a realiza-
tion that here a distinction must be made. A reexamination of the objec-
tive as stated reveals an ambiguity. Of what level of contamination are
we speaking? In the present state-of-the-art analytical instrumentation
can detect and measure nanogram (ng) and in some cases even picogram (pg)
quantities of material. A careful technical consideration of the ap-
proach to the problem by this method suggests that only a laser beam of
X-ray frquency c?uld detect contaminants at the atomic and molecular
scale (10=° - 10~/ cm). Ordinary visible light laser techni-
iques probably cannot distinguish anything beyond about 1 um. Therefore,
if the original objective is meant to deal with submicroscopic amounts of
contaminants, then clearly a lasar beam scanning system will not accom-
plish the objective.

The objective can be made unambiguous by specifying that by detect-
ing contaminants and measuring their concentrations we mean submicro-
scopic quantities of material. Visible or microscopic defects of the PW
manufacturing process shall not be considered a form of contamination.
Rather, by contaminants we shall mean identifiable chemical species.
With this in mind, the effectiveness of the laser beam scanning system
for meeting the objective as modified is very low.

In order to clarify the discussion, let us establish several defini-
tions. Designate the act of detecting contaminant species and assaying
their individual concentrations as contaminant profiling. We are espe-
cially concerned with the profiling of all ifonic species. Profiling the
contaminated surfaces of PW to ascertain their cleanliness will provide




2.0 A SYSTEMS APPROACH FOR DETERMINING PRODUCTION CLEANLINESS OF PRINTED
WIRING

Systems analysis used to determine the preferred method for detecting
contaminants on PW.

Systems analysis normally takes place in five overlapping stageslz

1 Formulation - the issues are clarified and the elements of the
problem identified.

i~

Search - information is gathered and alternatives generated.

Evaluation - the alternatives are evaluated against a selected
criterion. The criterion is used to weigh performance versus
cost.

|

| o

Interpretation - the alternatives are ranked in order of prefer-
ence based on the criterion. Either a deterministic or a prob-
abilistic criterion can be used depending on the nature of the
problem.

5 Verification - the results are verified against real-world
situations.

Phase I of the program constituted the formulation stage since the
issues involved in PW contamination testing were carefully examined and
clarified.

The Objective. Develop a systems approach to deal with PW contami-
nants. This approach necessitates testing for contaminants. This en-
tails both detecting the contaminants (qualitative analysis) and meas-
uring their concentrations (quantitative analysis). The approach
discussed here will deal chiefly with ionic contaminants.

The Alternatives. A careful examination reveals four alternatives to
achieving the objective:

The extract resistivity test (ERT) -

1~

Laser beam scanning of the PW surface

|

Direct surface analysis techniques

| o=

Solvent extraction/analysis techniques. ' B

Recalling that the objective is to both detect and measure the
amount of specific contaminant species, one must now ask to what extent
each alternative will meet this objective. The scale of effectiveness o
will be the extent of analytical fulfiliment of each of the alternatives. »
Against this scale the corresponding costs must be superimposed.




NOTES

1. This term is generic and refers to detajl printed wiring of any
type: (1) rigid printed wiring boards (PWBY, (2) flexible printed
wiring, (3) rigid-flex. It also refers to flux/soldered printed
wiring assemblies (PWAs) and conformally coated printed wiring
assemblies (PWAs).

2. 2.0 Micm is the lowest acceptable resistivity for a PW extract
following MIL-P-28809 procedures. See MIL-P-28809 or above
mentioned report.

3. It is anticipated that higher reliability will be required for PWAs
routinely having <5 unit 1ine widths/line spacings.

Indeed, a recent paper claims that five micrometer (5um) lines can
be achieved on a variety of substrates using a semi-additive process.
See Luke R. Volpe, "A Method for Manufacturing High Density Conductive
Interconnect Circuits", Intern J. Hyb. Microelec.,Vol. 4, No. 2,
October (1981), 246-50.
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The system was to consist of various pieces of analytical instrumen-
tation suitable for profiling individual species and a minicomputer. The
minicomputer's purpose was for final analysis of the results, overall
systems control of the analytical instrumentation, and final report
generation.

After the system was developed, it was implemented in the Contrac-
tor's PW facility located in Ocala, Florida. An Industry Demonstration
took place on 10 December 1981 to interested members of the PW industry.
The remainder of this report deals with the steps taken to develop and
implement this system. The system is called a contaminant profiling
(C/P) system.

1.3 The Benefits

Identification of individual contaminant species is the first step
in understanding contaminant mechanism, pathways (the various process
steps), and synergistic effects. A C/P system will prove necessary to
meet the tighter packaging requirements of future PW. The PW industry is
being driven by advances in the microelectronics industry, and advances
in integrated circuits (ICs) leads to increased demands for packaging the
ICs which leads to further demands for PW to interconnect and support
packaged ICs. The trend in PW is towgrds reduced line widths/1ine spac-
ings and greater component densities.® All1 of this means improved
cleaning processes and ways of assuring that the PW is clean. It will be
necessary to detect contaminant species in the submicrogram (<10'5g)
region. For these reasons the contaminant profiling system was
developed.
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The potential sources of PW contamination are many. These may be
summarized as:

|

The substrate material prior to fabrication

[~

The various operations involved in the fabrication process such
as plating and etching

Packaging and/or transferring the PW (often referred to as
printed wiring boards at this stage) to the assembly area

|

| 4=

The various operations involved in the assembly process, of which
soldering is undoubtedly the most important, both from the stand-
point of producing a workable PW and from the aspect of intro-
ducing serious contaminants on the PW surface

|on

The components used--especially the component leads

lon

Inspection and reworking

|~

Final inspection and packaging
Ambient shop conditions.

| oo

The most harmful class of contaminants are clearly fonic species
since their presence in the PW surface will actively degrade the electri-
cal properties of PW, especially in the presence of moisture. Contami-
nant species such as salts of copper and lead produce green and white
residues on the PW surface. These and other salts, if not removed by
suitable cleaning processes, can lead to electrical malfunction and/or
circuit failure. Even though PWAs may be conformally coated, no con-
formal coating is competely impermeable to moisture. Moisture (water
vapor, Hp0) is attracted to hygroscopic materials left on the PW sur-
face, such as certain salts and organic materials. This attraction of
moisture for hygroscopic materials can result in vesication (mealing),
especially under certain conditions of temperature and humidity. Vesica-
tion refers to the formation of blisters under the conformal coating but
on top of the PW surface. Vesication indicates the existance of hygro-
scopic materials left on the PW surface.

1.2 The Solution

The Final Recommendation section (11.0) of the Phase I FTR suggested
a systems approach to solving the problem of PW contaminants. The solu-
tion was to design, assemble, and integrate a system giving a detailed
profile of practically all of the imic contaminant species. Profiling a
species means detecting it (qualitative) and measuring its concentration
(quantitative).




but neither gives any indication whatsoever of the specific ionic species
causing the degradation. Both methods can be characterized as quasi-
gyuantitative and non-specific. Neither method is ion-specific; hence,
neither method can be used for detailed profiling of ionic species. Fur-
ther, neither method can be used to detect non-ionic species, let along
profile them. This criticism can also be directed towards another common
cleanliness test: temperature/humidity cycling. It is not ion-specific
nor is it even quantitative. At best it indicates the presence of hygro-
scopic species on the PW surface after the surface has a conformal coat-
ing. Table O summarizes this situation. This summarizes the most
important results obtained in Phase I of the subject contract. Although
the results as they stand by themselves seemed disappointing, they did
suggest a more rigorous quantitative test method to check the cleanliness
of PW substrates.

TABLE @. Deficiencies in Current Test Methodology

TEST DEFICIENCY RESULT
RESISTIVITY PWAs WITH LESS THAN FOR PWAs WITH 5 MIL
1 pMg/CM2 NaC  OR LINE WIDTHS/5 MIL
EQUIVALENT WILL NOT FAIL LINE SPACINGS, THEY
28809 WILL PASS 25809 BUT
MAY FIELD FAIL
RESISTIVITY SOME IONIC CONTAMINANTS NO RESISTIVITY TEST
SUCH AS CHLORIDE, C1=, DISTINGUISHES ONE
ARE MUCH WORSE THAN OTHERS ION FROM ANOTHER
TEMPERATURE/ SOME COMPOUNDS ARE WORSE TEMPERATURE /HUMIDITY
HUMIDITY IN PROMOTING BLISTERING TEST DOES NOT DIF-
BECAUSE OF THEIR FERENTIATE BETWEEN
ATTRACTION FOR WATER SPECIES
TEMPERATURE/ NOT QUANTITATIVE DOES NOT REVEAL
HUMIDITY AMOUNTS OR KINDS OF
SPECIES CAUSING
BLISTERING

Extract resistivity/conductivity testing (MIL-P-28809) may not even
be applicable once PW line widths/1ine spacings pass a certain point.
Indeed, as a conductor spacings become smaller than 0.009_inch, say 0.002
inch, a threshold value of 1.0 mg of NaClor equivalent/cm® of PW sur-
face is expected to be too high a value of allowable quantity of ionic
material on the PW surface. A simple linear shrinkage factor alone would
suggest a value of 0.22 ug/cm¢. Thus, as conductor spacings on PW
shrink to 2 mils, a Tower limit of at least 7.0 or preferably 8.0 MQ:cm
will be required rather than 2.0 MQcm? It is questionable whether
the accuracy of devices designed to measure the extract resistivity are
capable of performing at this higher suggested limit. It is further
questionable whether their accuracy is such that they can effectively
monitor all other probable jonic species, some highly insoluble, 1ikely
to be formed on PW.




k- in addition to Cu, Sn and Pb (see Figures 3 and 4). The Br and P are
5 undoubtedly part of the epoxy substrate (FR-4 fire retardant epoxy used).
- The Cr may come from the glass coupling agent cr from the passivating
5 agent used on the copper and remaining on the surface after the coppar
h' has been etched away. If the former, it is within the epoxy substrate;
if the latter, on it. See?224,Discussion of Results, ESCA, for evidence
{ that some of the Cr is to be found on the epoxy surface, i.e., its source
a is the passivating agent. The Cl, S and Ca may be true surfgce contami-
nants or they may be contaminants within the epoxy laminatel<.
Further, the photomicrographs reveal several interesting items.
Crystalline-type structures were observed by SEM on a number of solder
areas on samples from sets #7, #11, and #12. Figure 5 is a SEM photo-
micrograph of heavy deposit of these structures observed on sample 11A.
Dot, or e1?mental distribution, maps of Pb, Sn, Cu and Br were made in
this area.l3. No increase in intensity was observed, indicating the
lack of these elements. Au (gold) also appeared on the spectrum because
Au was used as a coating applied for the purpose of reducing charging
effects on the samples. A dot map for Au also revealed no increase in
intensity in the crystalline deposit regions. Since these elements were
the major ones observed in that area as evidenced by the EDX spectra, it
is concluded that the deposited material is organic in nature. It is
probably flux.

SEM/EDX is useful in detecting gross defects and/or contaminants
resulting during PW manufacture. SEM photomicrographs at 3,000x and
10,000x often reveal different surface morphologies, especially when
surface oxides are present. EDX is useful for characterizing the major
elements involved and can sometimes spot defective boards, as, for exam-
ple, the gross lack of Sn in sample 5B. However, the fact that the
electron beam for EDX penetrates so deeply into the material (1-5 um)
precludes it from being an optimal method for surface contaminant anal-
ysis where the species being examined should be within a few angstroms of
the "true" surface.

16
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.2 AES
2.2.2.1 Discussion of Method

AUGER ELECTRON SPECTROSOCOPY (AES) MAKES USE OF FCCUSED ELECTRON BEAM TO
KNOCK OUT CORE LEVEL ELECTRONS IN SAMPLE

AES uses a focused electron beam to knock out core level electrons
in the sample resulting in so-called Auger electrons; this technique is a
true surface analysis technique.

The excitation source in Auger Electron Spectrosocpy (AES) is a
focused beam of electrons with an energy on the order of 1-10 KeV and a
current of 1-30 pA. The primary electrons from the beam bombard the sam-
ple, knocking out core level electrons. The vacancy in the core level is
rapidly filled by an outer level electron (the transition generally takes
place in picoseconds or less). Since an energy difference is involved
for each such transition, there must be some way to release that exact
quantum of energy. The emission of a characteristic x-ray is one possi-
bility, but the ejection of an outer shell electron called an Auger elec-
tron is a competing quantized phenomenon. Those Auger electrons which
are produced within 20 A of the surface can escape with their full energy
and result in a characteristic Auger spectrum for each element. There-
fore, AES is a true surface analysis technique since it reveals elemental
composition down to roughly 20 A (approx. 20 monolayers compared to EDX
depths of 10,000-50,000 A). Only H (hydrogen) and He (helium) are
excluded since they have no outer shell electrons to eject.

If the thin film analysis capability of Auger is combined with the
material removing capability of ion beam etching, then the composition
variation with depth into the sample can be investigated and/or
extraneous surface contamination can be removed.

17
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.2 AES
2.2.2.2 Procedure

AUGER SPECTRA OBTAINED AT TWO INDEPENDENT POINTS ON SAMPLE SURFACE AND
AUGER DEPTH PROFILES MADE ON ONE SAMPLE FROM EACH OF 12 SETS

Auger elemental scans were made at two independent points on each
sample; surface Auger depth profiles were made on one sample from each of
the 12 sets.

Auger and ESCA spectra were obtained at the surface level from each
sample. Further, Auger spectra were obtained at two independent points
for each sample. Since there are three samples per set and a total of 12
sets, there are 72 individual AES elemental scans. For sets #7-#12, the
Auger spectrum was obtained at a metallic surface since AES cannot be
used on organic materials such as epoxy because the primary electron beam
has sufficient energy to rapidly destroy organic materials. Auger depth
profiles were made on one sample from each of the 12 sets. ESCA high
resolution spectra were obtained from selected sample areas to explore
the chemical bonding information available. In addition, ESCA elemental
survey scans were made at a point on the epoxy surface for each of the
three samples in sets #7-12. Thus, there ar2 18 individual ESCA
elemental scans.

18
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES

2.2.2 AES

2.2.2.3 Data

DATA CONSISTS OF AES ELEMENTAL SCANS AND DEPTH PROFILES

The AES data consists of 72 elemental scans and 12 depth profiles to
reveal contaminants on test PW.

To give an example of the method of computing atomic percents,
sample 1A (AES) is chosen.

Example of intensity/concentration conversion calculations: For
sample 1A-AES, as received, atomic concentration Cy of element X may be
estimated by:

1 /Sx

C.o= x 100
x 7S

where I, is the peak-to-peak height of the Auger electron signal, or

the peak height of the ESCA photoelectron signal, for element X divided
by the proper scale amplification, and Sy is the elemental sensitivity
factor as found in appropriate references. Where peaks other than those
referenced have been used, their sensitivity factors have been corrected
using the ratio of the measured peak height to the reference peak height.
Note that these calculations are of a semiquantitative nature only. The
absolute accuracy is no better than +30 percent. Relative accuracy for
similar surfaces is +5 percent. -

Element Ix (cm) Sx Ix/Sx Cx (atomic %) Rounded to

S 1.1 0.74 1.49 0.85 0.9
C1 1.8 1.00 1.80 1.03 1.0
¢ 10.2 0.14 72.86 41.57 41.6
Ca 0.1 0.40 0.25 0.14 0.1
N 0.53 0.21 2.52 1.44 1.4
0 12.8 0.40 32.00 18.26 18.3
Cu 15.4 0.24 64.17 36.61 36.6
Na 0.05 0.25 0.20 0.11 0.1

:'5_'11,‘/5i = 175.29 100.01 100.0

The data are presented in Table 1. However, since the data in
Table 1 are unwieldy, it was thought appropriate to compute the arith-
metic mean for the data for each set and present these in tabular form
(see Table 2).
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Table 1

Estimated Atomic Compositions (%) From AES Data

Pb

Sample
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.2 AES
2.2.2.4 Discussion of Results

AES, A TRUE SURFACE ANALYSIS TECHNIQUE, IS USEFUL IN DETECTING ELEMENTS
ON PW

AES is a true surface analysis technique since Auger electrons can
only be detected for the first 20-30 A of a surface; it is a useful
technique for detecting elements on the surface of PW.

The only thing truly startling about the above data is the large
amount of C (carbon) and 0 (oxygen) detected by AES. Neglecting the sam-
ples from set #12, on which was left a gross amount of rosin flux, all
the other samples still have relatively large amounts of carbon. For the
cleaned samples it is possible to show statistically (analysis of
variance) that the null hypothesis: l; =P3=s=p7loP 11
(for 1 carbon) can be accepted at a 1 percent level of significance.

This means we can presume the population mean for cleaned samples to be
the same, with a 1 percent chance that we will be in error by accepting
this hypothesis. Thui accepting the null hypothesis, P (cleaned sam-
ples) = 38.5 (for C). 4 1t can further be shown by similar statis-
tical techniques that [;=U3=Ps5 (for oxygen) can be accepted at a

1 percent level of significance for the cleaned copper-clad samples and
that p7=p?ﬂ111 (for oxygen) can be accepted at a 1 percent level

of significance for the cleaned copper-etched samples. Thus, for sets
#1, #3, #5 we can accept the null hypothesis and I = 19.9 (for oxygen)
for these sets. for sets #7, #9, #11 we can accept the hypothesis null
and P = 28.3 (for oxygen) for these latter sets.

This means for the first three cleaned sets, on the average C and 0
account for 58.4% of the atomic composition as determined by AES and for
the latter three cleaned sets C and 0 account for 66.8% of the atomic
composition on the average as determined by AES. This means that of all
the elements detected on cleaned PW by AES, C and O account for just
about two-thirds. The C on the samples is probably mostly chemisorbed
€0, CO2, and hydrocarbons from the atmosphere or adsorbed solvent
(1,1,1-trichloroethane). These materials adhere tenaciously to the PW
surface, even under high vacuum, because they chemisorb. No doubt some
of the 0 also comes from chemisorbed gases, including Hy0, while some
of it is probably associated with various metals, Cu, Pb, Sn, as metallic
oxides.

Another contaminant found on every set (although in far lesser a
percentage) is S (sulfur). Again, using the F test, it is likely (1 per-
cent level of significance) there is no difference between the amount of
S on sets #1-49 inclusive so P=0.1 (for sulfur) for these sets. The S
probably comes from the atmosphere and is absorbed onto the PW surface.
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Nitrogen gas (Np) is also found on the PW surface, particularly in
the first six sets. Since N is physically absorbed, there was
undoubtedly much more on the surface initially but it came off under high
vacuum.

In addition to the above, Cl1 (chlorine), Ca (calcium) and Na sodi-
um) are found on the PW at every stage (except stage 6, sets #11 and #12,
for Ca and Na). Some of the Cl may come from the 1,1,1-trichloroethane
which was used initially on all sets to degrease the PW before process-
ing. It is known that C has a strong affinity for Cl. However, some of
the C1 undoubtedly exists as chloride ions, Cl1-. Further, the Na and
Ca are llke]y to exist as ions, viz., calt and Na*. Other positive
ions, Al3* (aluminum), Zn2* (zinc), and K* (potassium) are also
noted at various stages The Al seems chiefly associated with electro-
lytic plating or possibly from the nonwoven aluminum oxide scrubbing
brush. The Zn probably arises from the Zn used to promote better adhe-
sion between the copper and epoxy substrate during lamination and is thus
exposed after the copper has been etched away. This seems borne out by
the fact that Zn is observed chiefly at stages 4 and 5. Na and Ca may
come from the undemineralized water used at almost every stage of PW fab-
rication. Note that their concentrations drop to 0 during stage 6, at
least as determined by AES. Si (silicon) is also found on some sets.
It, 1ike In, seems to appear on the PW surface after the copper has been
etched away. It is probably Si from the glass fibers that has become
exposed after etching.

Turning to the in-depth profiling, several interesting results are
seen (see Figures 6-11 for representative samples). The depth profiling
was performed by simultaneously sputtering away a portion of the surface
with Ar* while applying the Auger electron beam. Only 12 samples were
used, one from each set. Samples from sets #1-#4 show variation in the
oxide thickness on the Cu but no other interesting results (see Figures 6
and 7). Again, the cleaned samples (1,1,1-trichloroethane followed by
demineralized water) show much more oxide formation. Further, the amount
of oxide runs much deeper (>1,500 A) in the two cleaned samples than it
does in the uncleaned. In the uncleaned samples the oxide layer falls
off almost to O by 300 A. Again, it {is speculated that the water used in
the cleaning process greatly accelerated the formation of ox{ides on the
PW surface. The sample from set #5 (Figure 8) shows a chloride layer
near the surface and a thick oxide-chloride trailoff. The samplie from
set #6 (Figure 9) is about the same as that from set #5 with respect to
the final Cu:Sn:Pb relative intensities but Tacks the surface chloride
and thick oxide-chloride trailoff. In addition, a layer of Sn (oxide?)
is observed at the surface of this sample.

The samples from sets #7-#12 have radically varying profiles. Exam-
ination of these shows depleted Pb on the sample from set #7, a 300 A
thick organic on the sample from set #8, good solder with little contami-
ination on the sample from set #9 (Figure 10), a surface layer of Pb ta-
pering off to the expected composition in the sample from set #10, a sur- .
face Sn chloride-oxide over a high Pb region in the sample from set #11 '
(this is the cleaned sample after flux/solder - presumably "clean" and
ready for conformal coating, see Figure 11), and a very thick (>2,000 A)
organic layer on the sample from set #12 (this is uncleaned flux).
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Like the SEM/EDX, AES is useful in detecting elements on PW. How-
ever, unlike EDX, AES is as true surface analysis technique since Auger
electrons can only be detected for the first 20-30 A of a given surface.
Thus AES is useful in defining the surface elements on PW. The chief
problem with this technique is choosing a representative spot on the
surface. The Auger beam covers an area typically 200-300 pym¢. Since
the surface of PW is very large comgared to the area covered by the Auger
beam, a PW having an area of 100 cm¢ will have a ratio of about 3 x
10-8 of beam area: PW area. That is, the Auger beam covers about
1/100,000,000 of the board surface. Examining three or four spots on
several separate but identically manufactured PWBs will provide more
confidence in this analytical technique, but this is more expensive.
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES

2.2.3 ESCA

2.2.3.1 Discussion of Method »

ELECTRON SPECTROSCOPY FOR CHEMICAL ANALYSIS (ESCA) MAKES USE OF A

MONQOENERGETIC X-RAY BEAM TO IRRADIATE SAMPLE SURFACE

The ESCA uses a monoenergetic x-ray beam to irradiate the PW surface
knocking out electrons (photoelectrons) from core shells of atoms. »

Electron Spectroscopy for Chemical Analysis (ESCA) or as it is some-
times called, X-ray Photoelectron Spectroscopy (XPS), makes use of a
monoenergetic beam of x-rays to irradiate a sample surface. The excita-
tion source in ESCA is an x-ray beam of predominantly MgKe. x-rays. The
x-rays (photons) possess sufficient energy to knock out electrons from »
core shells of atoms in the sample. Electrons from atoms within the top '
20-30 A of the surface have enough energy to escape and are available for
detection as photoelectrons. The energy equation governing these photo-
electrons is:

K. E. (1/2 mv2) of the photoelectron = hy - B.E. - @,. '

where hv  is the energy carried by the photon, B.E. is the binding
energy and @, is the work function of the surface. The ESCA spectra

are plotted with binding energy on the horizontal axis and electron
intensity on the vertical axis. ESCA has an advantage over AES, namely,
it can be applied to polymeric surfaces whereas AES cannot, the electron
beam being too highly destructive of organic material to gain useful in-
formation. With ESCA, elemental identification is possible by merely
comparing the measured electron peak energy to the tabulated values. As
with AES, al) elements except H (hydrogen) and He (helium) can be de- :
tected. However, ESCA is a potentially more powerful method than AES, ©
chiefly because the photoelectron binding energy can be measured so pre-

cisely that shifts in energy due to changes in chemical bonding can be )
studied resulting in much information about chemical compounds present in :
the analyzed layer. This method is known as High Resolution (HR) ESCA.
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.3 ESCA
2.2.3.2 Procedure

ESCA SPECTRA OBTAINED AT ONE PCINT ON PW EPOXY SURFACE AND EIGHT HIGH
RESOLUTION ESCA MADE AT SELECTED POINTS

ESCA elemental scans were made at one independent point on each
sample surface; high resolution ESCA were made at select sample sites on
PW surfaces.

See 2.2.2.2 Procedure.

2.2 DIRECT SURFACE ANALYSIS TECHNIQUES

2.2.3 ESCA

2.2.3.3 Data

DATA CONSISTS OF ESCA ELEMENTAL SCANS AND HIGH RESOLUTIOQN PROFILES

The ESCA data consists of 18 elemental scans and 3 high resolution
profiles to reveal bonding information of elements on PW surfaces.

The data for ESCA presenting the elemental analyses were taken at a
particular point on the epoxy surface as opposed to AES, where the data
were derived necessarily from a metallic portion of the PW. See Figure
12 for a SEM photomicrograph of an epoxy surface at 7,000x. The
calculations of the £ESCA data are basically the same as for AES. The
data are presented in Table 3. Again, since the data in Table 3 are
unwieldy, the arithmetic mean for the data for each set was computed and
is presented in Table 4. Table 5 gives the results for the high
resolution ESCA.

29
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concentrations. The amount of copper detected by the ICP was actually
somewhat less for the uncleaned samples than for those cleaned. This may
be because the water rinse after each fabrication stage solubilizes more
of the copper which subsequently appears in the extract. Also, the
amount of copper falls precipitously in stage 3 whereas the amount of
lead rises quite dramatically. At this stage (copper and solder de-
posited on PW surface electrolytically), apparentiy, much less of the
copper forms ionic species whereas the lead does. No doubt lead ioniza-
tion also suppresses copper ionization, probably through a common ion
(anion) effect. After the etching operation the amount of copper falls
considerably, which is to be expected; during and after this stage lead
salts constitute the major form of contaminant in the PW extracts. The
tin in the extracts naturally starts occurring at stage 3, only in rela-
tively small amounts though (<0.1 ppm). Phosphorus and silicon show up
in many of the PW extracts after the etching operation. They may arise
as extraneous contamination or they may somehow come from the glass fiber
portion of the epoxy laminate. The zinc that is observed during and
after stage 4 undoubtedly arises from that used to promote better
adhesion between the copper and epoxy substrate during lamination and is
thus exposed after the copper has been etched away. Chromium, which was
detected by ESCA (but not AES) was not detected by the ICP, possibly
because its concentration was too far below the detection 1imit of the
instrument.

The most severe metallic contaminants per the IQP on the PW surface
are:

[Laad

Copper in stages 1 and 2 especially

I~

Lead in stages 3 through 6

Calcium, stage 3 especially

s |w

Phosphorus in stages 5 and 6 especially

jon

Silticon in stages 5 and 6 especially.
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There are several things to be said regarding the ICP emission
spectrophotometer used in the experiment. Although this device makes
very rapid analyses (it can easily analyze for more than 40 separate ele-
ments in a 1iquid sample and report their concentrations in ppm in less
than one minute), it also suffers several drawbacks.

The chief drawback of the ICP is this. Even though values for the
elements aluminum, Al; potassium, K; phosphorus, P; palladium, Pd; iron,
Fe; and sodium, Na, were detected in the PW extracts, the values obtained
2 detection limit concentration.l’/ Hence, the precision of such
measurements is poor. It is presumed the accuracy will also be poor.

The detection limits on the ICP are: »
Table 8
Element Detection Limit in ppm
A 0.030
Ca 0.010 »
Cr 0.006
Cu 0.004 :
Fe 0.006
K 0.300
Na 0.010 o
P 0.080 <
Pb 0.050 ’
Pd 0.080
Si 0.025
Sn 0.050

The detection 1imit of an element is typically defined as the concentra- .
tion in solution of that element which can be detected with 95 percent ]
certainty. This is that quantity of the element that gives a reading

equal to twice the standard deviation of a series of at least ten deter- |
minations at or near blank level. This means that at concentrations near R
the detection limit an element may be detected with reasonable statisti- o
cal certainty. However, the precision of determinations at such low con- :
centrations will normally not be satisfactory for normal quantitative »
purposes. )

It is speculated that the aluminum arises form the mechanical clean-
ing operation since a non-woven abrasive aluminum oxide brush was used
both for deburring the PW panels and for mechanical scrubbing. The
amount of aluminum seems relatively independent of whether the board was )
cleaned or not. The calcium and sodium probably arise from the undemin- .
eralized water used to wash PWBs during processing. Note the steadily
increasing rise in calcium concentrations, especially on the two PWBs
from set #6. After the etching operation (stage #4), the amount of cal-
cfum drops considerably. Note some of the test boards have sodium,
always in small concentrations, and some do not. Note also the copper

S o
PTG SOl U N S
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES

2.3.1 ICP-ES

2.3.1.4 Discussion of Results

WITHIN BOUNDS IQP USEFUL IN PROFILING CONTAMINANTS IN PW EXTRACTS
The results demonstrate that in general the ICP can profile

contaminants in PW extracts, but for some elements its detection limits
may be too high.

The results obtained using the ICP are indeed startling. Perusing
especially Table 7, it can readily be Seen that the number of micrograms
of positive ions/cm of PW surface (pg/cmz) is quite high even during
the initial two first stages (1 drill, deburr, chemical and mechanical
clean; 2 electroless plate). Tt is quite apparent this is due to copper

salts (generally only moderately soluble) which went into solution.
During stage 3 (apply resist, develop image, e]ectro]§t1c plate with
copper and solder, strip res1st) the number of pg/cm¢ rises due now to
both lead and copper salts going into solutjon. Note that Tead salts now
account for much of the corresponding ug/cm¢ figure. Also note that

tin salts play very little part.

Proceeding to stage 4 (etch image), the removal of the copger off
the surface by the etchant is seen to cause the number of ug/cm

drop drastically. Proceeding to the next two stages (solder ref]ow and
routing; stuff components and flux/solder), there is a definite increase
in the number of gg/cm so that the total amount of contaminants at

stage 6 for the cleaned PWAs (set #11) is practically the same as for the
uncleaned PWBs of set #1. Again, note that lead salts account for a
great percentage of the positive ion contamination in set #11 (this is
the cleaned set after flux/solder - presumably “clean" and ready for
conformal coating). It is obvious that the uncleaned rosin flux left on
the PWAs in set #12 prevented a fair amount of the contaminants from
entering the extract solution (demineralized water).

From perusing Tables 6 and 7, it is seen that the only elements
present for certain in the PW solvent extracts are: calcium, Ca; copper,
Cu; lead, Pb; silicon, Si; tin, Sn; and zinc, Zn. It is also highly
1ikely that aluminum, Al; potassium, K; phosphorus, P; palladium, Pd;
iron, Fe; and sodium, Na, are to be found. The only elements to occur in
the extracts in quantities >0.1 ppm are: calcium, Ca, in Set #6; copper,
Cu, in Sets #1-#5, Set #8 and Set #10 (sample 2); and lead, Pb, in Sets
#5-#12.
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES
2.2.1 ICP-€S

A
2.3.1.3 Data

DATA FROM ICAP REPORTED IN PARTS-PER-MILLION FOR DIFFERENT CONTAMINANT
SPECIES

The data from the Ic:P consists of concentrations of the different
contaginant elements reported in ppm; these values were converted to
ug/cmé of PW surface.

Table 6 contains the data for PW extracti run on the ICP. The
results are given in parts-per-million (ppm). Since 500 ml of

each sample was used in the experiment, it is easy to Sonvert the values
given in ppm (Table 6) into so many micrograms (ug)/cmc of PW area for
each element. %umming these values for any given sample yields the total
number of ug/cme for any given sample. See Table 7. The significance
for report1ng the results in_ug/cmc stems from a recently published
paper stating that 1.0 pg/cm2 of sodium chloride or its equivalent
represents the threshold concentration of ionic material beyond which
functional degradation of PW takes place.1
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES
2.2.1 ICP-ES
2.3.1.2 Procedure

PW EXTRACTS FROM TWO SAMPLES PER SET ANALYZED BY ICAP-ES

The ICP was used to profile twelve different elements in PW extracts

during the first three stages and fifteen elements the last three
stages.

Two samples per set were used in the experiment. The extracts were
prepared by allowing the test PW to remain in pure demineralized water
for six days in 500 ml polypropylene mason jars. After six days the PW
were then carefully removed from the jars and the extracts therein were
analyzed on the ICAP.

This device was used to profile PW extracts in pure demineralized
water prepared from PW test boards. The extracts for the first three
stages were analyzed for the following twelve elements: aluminum, Al;
calcium, Ca; chromium, Cr; copper, Cu; iron, Fe; lead, Pb; palladium, Pd;
phosphorus, P; potassium K; silicon, Si; sodium, Na; and tin, Sn. Many,
if not all, of these particular elements were expected to occur on PW
surfaces after each successive stage during the manufacturing process.
The elements barium, Ba,; zinc, Zn; and magnesium, Mg, were also run for
the last three stages.
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES
2.3.1 ICP-ES
2.3.1.1 Discussion of Method

INDUCTIVELY-COUPLED PLASMA (ICP-ES) ANALYZES LIGHT EMITTED BY CONTAMINANT
ELEMENTS

The ICP is a system utilizing a plasma generated torch and nebulizer
system to analyze emitted 1ight for contaminant elements.

Because of the drawbacks suggested above regarding direct surface
analysis techniques for profiling contaminants on the surface of PW,
another method strongly recommends itself. This method can be called
solvent extraction/contaminant profiling because it first necessitates
making a solvent extraction of the PW followed by analyzing the solvent
extract for various contaminants. Not only should the presence of a
particular contaminant be detected {qualitative analysis) but the amount
of the particular contaminant in question should be quantified (quanti-
tative analysis).

Inductively-Coupled Plasma Emission Spectrophotometry (ICP-ES) makes
use of an inductively-coupled argon plasma flame and nebulizer system to
atomize a 1iquid sample and thermally excite the atoms in the sample.
Thus excited, the different atomic species emit light at determined fre-
quencies. A precisely aligned optical system collimates and directs the
emitted 1ight through an entrance slit onto a concave grating surface.
The grating diffracts the different wavelengths of light to a series of
exit slits precisely positioned along the spectrometer's focal curve.
Photomultiplier tubes behind these exit slits convert the emitted light
into electrical energy proportional to the intensity of the spectral
lines. A computer converts the signals into desired concentration units
(generally parts-per-million).
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The chief problem of any of the above methods as applied to the
analysis of PW is this. Surface analysis techniques by their very nature
can be applied only to an exceedingly small area of the total PW surface
area. Data from several (>3) areas would undoubtedly have to be gathered
and, even then, there might exist some question as to whether these data
were truly representative of the surface as a whole. Further, the neces-
sary equipment is quite expensive (approximately $300K-500K) and requires
a highly skilled operator to perform the analyses. In addition, the
results from the direct surface analysis techniques are expressed in
atomic percent _concentrations which cannot be converted into pg of
contaminant/cmé of PW surface.

Surface analysis techniques do have limitations associated with
their application to ascertaining production cleanliness of PW. Their
use may provide relevant information in solving some of the problems
associated with PW contamination.
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.4 GENERAL DISCUSSION

SURFACE ANALYSIS TECHNIQUES CAN BE USED TO PROFILE CONTAMINANTS ON PW BUT
ARE VERY EXPENSIVE

Surface analysis techniques can be applied only to exceedingly small
areas of total PW surface area.

The surface analysis techniques outlined above, viz., SEM/EDX, AES,
ESCA (survey and high resolution) can be used to profile contaminants
Teft on PW. Something positive can be said of each method.

With SEM/EDX photomicrographs of the surface can be made along with
a general analysis of the chief elements down to about 10,000-50,000 A.
On occasion the SEM may reveal an anomalous surface morphology and EDX
may reveal gross abnormalities in composition. To cite two examples, the
SEM was used to detect crystalline-like deposits on the solder surface.
on PWAs of set #11. The concurrent use of elemental distribution maps
indicates the material is most probably organic in nature. It is specu-
lated that is is flux which did not come off by the conventional cleaning
techniques. Further, the use of EDX revealed a case where the amount of
tin in a tin/lead trace was grossly deficient.

It is often not clear, however, whether a given morphology is anoma-
lous or not. This is the chief problem with SEM. In the case of EDX, it
is not a true surface analysis technique since it "sees" far into the
material.

With AES only elemental analysis is possible. However, AES is a
true surface method since the analysis extends only 20-30 A into the
material. AES also suffers from the limitation that it cannot be used on
polymeric surfaces because it is too destructive of these surfaces.

ESCA is more versatile than AES. ESCA can be applied to both metal-
1ic and nonmetallic surfaces. It is a true surface method since the
analysis l1ikewise extends only 20-30 A into the material. Further ESCA
data (photoelectron spectra) lend themselves more readily to yielding
different chemical states of the elements, thus suggesting molecular
groupings. Of the three methods outlined above, it is the most powerful
in terms of the amount of useful surface information it affords.

Both AES and ESCA can be used in conjunction with sputtering of the
surface. AES may be performed simultaneously with the sputtering whereas
the sputtering must precede ESCA analysis. However, there is one cau-
tion. Sputtering often changes the valence states of the atoms at or
near the area being sputtered. Thus, identification of the remaining
chemical states may not accurately reflect the initial composition.
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On the spot from a board from set #6 (6A Solder/Cu) HR-ESCA again
revealed adsorbed material some of which is undoubtedly hydrocarbon in
nature, a Sn (tin) oxide, metallic and/or jonic copper, Cu® or Cu*, and
lead chloride-organic (organo-metallic).

On the spot from the board from set #8 made on the epoxy (8A Epoxy)
HR-ESCA revealed again adsorbed material some of which is organic in
nature, some evidence of a meta® oxide of some kind, and again a lead
chloride-organic (organo-metallic). On the spot made at the solder/epoxy
interface (8A Solder/Epoxy) HR-ESCA rsvealed, in addition, traces of
metallic and ionic copper, Cu® and Cu¢*, Sn oxide, and evidence of a
tin chloride-organic (organo-metallic).

From the board from set #10 made on the epoxy (10A Epoxy) HR-ESCA
revealed adsorbed material, a metal oxide of some kind and elemental tin,
Sn°. From the spot made at the solder/epoxy interface (10A Solder/Epoxy)
HR-ESCA ihowed in addition Sn oxide and a tin chloride-organic (organo-
metallic).

Finally, from the board from set #11 made on the epoxy (11A Epoxy)
HR-ESCA exhibited adsorbed organic material, Sn oxide, Pb oxide, lead
chloride-organic and evidence of a organic chloride (probably 1,1,1-tri-
chloroethane). On the spot made at the solder/epoxy interface (11A
Solder/Epoxy) basically the same was found as at 11A Epoxy.

The boards from set #11 represent those that were flux/soldered and
cleaned using conventional PW cleaning techniques. Presumably they were
"clean" and were now ready for conformal coating. However, evidence from
HR-ESCA indicates that such PWAs sti11 have a wide variety of compounds
and materials on the PW surface, albeit in relatively small amounts. The
presence of these compounds may not be sufficient to degrade the electri-
cal, mechanical, or chemical properties of the PW in the present state-
of-the-art. However, their presence and formation should be noted.
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2.2 DIRECT SURFACE ANALYSIS TECHNIQUES
2.2.3 ESCA
2.2.3.4 Discussion of Results

ESCA, A TRUE SURFACE ANALYSIS TECHNIQUE, IS USEFUL IN DETECTING ELEMENTS
ON PW AND REVEALING BONDING INFORMATION

ESCA is as true surface analysis technique since ESCA photoelectrons
are only detectable from the first 20-30 A of a surface; it is a useful
technique for detecting elements on the surface of PW and revealing
bonding information.

Keeping in mind that the elemental analyses for the ESCA were made
only on the epoxy surface (thus only sets #7-#12 were involved), it is
evident some elements show up here that did not with AES. Here the
amount of C (carbon) and 0 {oxygen) is even higher (approx. 82%) since
the analysis takes place directly on the epoxy surface. The analyses
were made at a fair distance from the Sn/Pb pads and conductor traces.
Note that a fair amount of Sn and Pb occurs even on the bare epoxy. Cr
(chromium) occurs on all samples except samples from set #12 where the
flux was purposely left on the PW. The Cr undoubtedly appears on sets
#7-#11 because at this point the copper has been etched away, revealing
Cr. Chromium oxide was used by the Taminator as a passivating agent in
treating copper. In similar fashion Zn (zinc) arises after the copper
has been etched away. The In is used to treat the copper surface to
which the epoxy will be bonded to improve adhesion. Br (bromine) also
appears after the copper has been etched away. The Br is incorporated
into the epoxy structure and acts as a fire retardant. C1 (chlorine) as
appears, either as ionic or possibly from adsorbed chlorocarbon com-
pounds, such as 1,1,1-trichloroethane. Note that on some of the sets Cu
(copper), Ba (barium - why this appears is not yet certain), P (phospho-
rus - possibly from exposed glass), Si (silicon - same source as P) and S
(sulfur - probably adsorbed) also appear.

High Resolution (HR) ESCA was performed on eight samples. A repre-
sentative sample from the first four sets was chosen (4A). This board
still had its Cu surface. Another was chosen from set #6 (6A) which had
copper and solder traces. The HR-ESCA was performed at a solder/Cu
interface. Two different spots on a board from set #8 were chosen (8A
Epoxy and 8A Solder/Epoxy), two different spots from a board from set #10
(10A Epoxy and 10A Solder/Epoxy), and two different spots from a broad
from set #11 (11A Epoxy and 11A Solder/Epoxy).

On the spot from the board form set #4 (4A) HR-ESCA revealed ad-
sorbed material some of which is undoubtedly hydrocarbon, metal oxide
(undoubtedly a form of copper oxide) and evidence of Cu*. Perhaps the
copper oxide is Cup0.
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Table 5

Summary of High Resolution ESCA Results

Corrected Element
Sample Binding Energy (eV) Possible Identification
- 4A Cls 284.6 Adsorbed/hydrocarbon ;
i Ols 531.5 Metal oxide or organic )
C12p3/2 199.3 Metal or organic chloride :
Cu2p3 2 932.7 Cu® or cut
Cu Auger 337.0 cut
3
r 6A Solder/Cu Cls 284.6 Adsorbed/hydrocarbon
’ Ols 531.6 Metal oxide or organic b
Sn3d5/2 486.7 Sn oxide
Pb4f7/2 138.7 Pb-Cl organic
CuZp3/2 932.3 Cu® or Cu
8A Epoxy Cls 284.6 Adsorbed/hydrocarbon
Ols 525.6 ? :
528.5 ? r
530.7 Adsorbed or metal oxide T
Pb4f7/2 139.7 Pb-Cl organic #:ij
84 Solder/Epoxy Cls 284.6 Adsorbed/hydrocarbon o
286. 4 Meghyl organic o
Cu2p 930. 6 Cul? »
32 933.2 cu2*
Pb4f7/2 140.9 Pb-Cl organic
Sn3d5/2 487.7 Sn oxide/Sn~Cl organic .
10A Epoxy Cls 284.6 Adsorbed/hydrocarbon )
Ols 528.1 ? ;o
530. 4 Adgorbed or metal oxide
Sn3d5/2 484,7 Sn
10A Solder/Epoxy Cls 284.6 Adsorbed/hydrocarbon
Ols 532.0 Adsorbed or organic
533.7 Adsorbed or organic )
Sn3d5/2 486. 5 Sn oxide -
487.0 Sn oxide/Sn-Cl organic
11A Epoxy Cls 284.6 Adsorbed/hydrocarbon
Ols 528.2 ?
530.5 Adsorbed or metal oxide
Sn3d5/2 486.2 Sn oxide ’
Pb&fn2 138.5 Pb oxide/Pb-Cl organic
Cl12p 198.2 Metal or organic chlorice
11A Solder/Epoxy Cls 284. 6 Adsorbed/hydrocarbon
Ols 530.9 Adsorbed or metal oxide .
531.7 Metal oxide or organic ]
Sn3d5/2 486.7 Sn oxide
Pbéf7/2 138. 4 Pb oxide/Pb=-Cl organic
138.8 Pb-Cl organic
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Table 3
Estimated Atomic Compositions (%) From E£SCA Data
Set Sample Cu Ba Cr g Sn € Z&n €1 Br 5 Pb P Si
78 - 3.0 27.9 3.6 6l.8 0.2 1.2 1.3 1.0 - - :
#*7 78 - - 3.5 27.8 4.8 59.7 0.2 1.0 1.3 - 0.211.5 -
7C ~ 4.7 33.8 4.7 S52.6 0.2 2.1 0.9 - 1.0 - -
BA 7.6 - 3.8 35.2 3.7 %0.20.2 1.6 0.5 1.1 0.30.8 -
#+3 88 1.4 - 6.4 39.8 4.4 43.3 0.3 1.4 0.40.9 0.3 1.4 -
8c 3.6 - s.% 37.9 &.1 44.9 0.2 2.0 0.5 1.2 0.3 - -
SA - 0.6 4.0 34.0 6.6 352.8 0.1 1.8 0.7 - 1.4 - .
#9 98B - 0.7 2.8 27.2 13.9 51i.0 - 1.5 0.9 - 2.0 - - '
9¢ - 0.6 1.9 30.2 18.0 44.1 - 1.8 0.8 - 2.6 = -
10A - - 2.5 24.% 6.8 63.7T0.1 I.IL 0.9 - 0.3 - -
210 108 - - 1.9 24.5 3.5 68.80.1 - 1.1 - 0.1L - -
10C - - 1.7 23.9 2.2 71.00.1 - 1.0 - 0.1 - -
114 - - 1.8 21.2 12.3 61.0 - 1.4 0.4 - 2.1 - -
#1 118 - - 1.4 16.6 22.6 57.8 - 0.9 - - 0.7 - -
11C - - 1.6 20.2 10.9 63.0 - 1.6 0.6 - 2.1 - - :
12A - - - 2.5 - 9%6.4 0.1 - - - - - 1.0 i
#*12 128 - - - 1.6 =~ 98.0 - - - - - - 0.6
12C - - - 1.3 - 98.6 0.1 - - - - -
)
]
|
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES
2.3.2 IC
2.3.2.1 Discussion of Method
ION CHRdMATOGRAPHY (IC) ANALYZE IONS IN SOLUTION
The IC uses a system involving ion exchange separation followed by

eluent suppression and conductivity detection to analyze for ions in
solution.

Although an ICP or equivalent spectrophotometer is useful for anal-
yzing the positive Jonic species in PW extracts, another method must be
employed to profile the negative ionic species in such extracts. It is
suggested that an ion chromatograph be used for making such an analysis.

An IC analyses ions in solution. It accomplishes this by an ion
exchange separation followed by eluent suppression and conductivity de-
tection. For ar ion analysis, the eluent (usually 0.003M NaHC03/0.0024M
NapC03) and separator column (containing an anion resin in the
HCO3/C035— form) cause the sample ions to split into distinct
bands. The retention time of each anion is governed by the affinity of
that ion, the eluent used, the length of column, and the eluent flow rate.
Figure 13 shows the relationship between affinity and relative retention
time for both anions and cations.

The effluent from the separator column is then fed to the suppressor
column. Two reactions occur in the suppressor. First, the resin (a
strong asid resin in hydrogen form) removes Na* and protonates the
HCO3/C03<— to HCO03, viz.,

NaHCO3 + R-H —> R~ + Na* + H»C0;3
NagCO3 + 2R-H —> 2R~ + 2Na* + H,C03.18

Second, all the sample anions exit from the suppressor as an acid since
the sample cations are exchanged for H* in the suppressor.

Na*X~ + R-H —> R~ + Na* + H*X-.

The analysis of cations utilizes the same physical design. However,
the separator column contains a cation resin and the suppressor column
contains an anion resin in hydroxide form. In this case, the acidic ele-

ment 1s neutralized by the suppressor resin and the cations are detected
as hydroxides.
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Using the 0.3 pMHO full scale sensitivity of the ion chrgmatograph
and a 250 pyl1 sample loop, the minimum detection limits (ML )19 for
several ions of interest are as follows:

Ion ML

Na*, NH ", K+ 5-20 pb

M92+, Ca?'+

F-, C17 5-10 ppb

po,3-, N0, 50,2" 20-30 ppb
4 > V3 Ppo-

For normal samples, these MDLs are more than sufficient. However, for
certain applications it is necessary to analyze at 1 ppb or less; the
use of concentrator columns is necessary to achieve this.

A concentrator column is a short (3 x 50 mm) column that replaces
the sample loop. When a large amount of sample water is passed across an
anion concentrator column, the anions are stripoed out and held on the
concentrator column. Then when the loaded column is switched into the
eluent stream, the ions are eluted from the concentrator column and
separated as usualy by the separator column. If the initial loading onto
the concentrator were 25 ml, the concentration factor would be 100 when
compared to the 250 u1 sample loop. Hence, the MDLs can be lowered by a
factor of 100, and analysis at less than 1 ppb can be done routinely.
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES
2.3.2 IC

2.3.2.2 Procedure

PW EXTRACTS FROM TWO SAMPLES PER SET ANALYZED BY IC ey

The IC was used to profile nine different ionic species in PW
extracts.

Two samples per set were used in the experiment. The extracts were
prepared by allowing the test PW to remain in 75% demineralized water/25%
Reagent Grade isopropyl alcohol for six days in 500 ml polypropylene
mason jars. After six days the PW were then carefully removed from the
jars and the extracts therein were analyzed on the IC. The extracts were
analyzed for the following cations: sodium, Na*; ammonium, NHg*;
potassium, K*; calcium, Ca?*; and magnesium, MgZ‘. The same -
samples were agso analyzed for the following anions: chloride, C1-;
phosphate, P043-; nitrate, NO3~; and sulfate, S042-.

2.3 SOLVENT EXTRACTION /ANALYSIS TECHNIQUES
2.3.2 1IC
2.3.2.3 Data

0
DATA FROM IC REPORTED IN PARTS-PER—MILL;N FOR DIFFERENT CONTAMINANT KA
SPECIES -l

The data from the IC consists of concentrations of different
contamingting fonic species reported in ppm; these values were converted
to pg/cmé of PW surface.

Table 9 contains the data for PW extracts run on the IC. The
results are given in parts-per-miliion (ppm)._Again, the values given
wre converted into so many micrograms (pg)/cme of PW area for each
element. Summing these values for any given sample yields the total
number of pg/Cm for any given sample. See Table 10.
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2.3 SOLVENT EXTRACTION/ANALYSIS TECHNIQUES

2.3.2 1IC

2.3.2.4 Discussion of Results

THE IC USEFUL FOR PROFILING IONIC CONTAMINANTS IN PW EXTRACTS

The results show that the IC can profile ionic contaminants in PW
extracts but more work needs to be done to better define the process.

In terms of pg/cm? of ionic material as determined by the IC, the
results are much lower. Note, however, that no heavy metal ion concen-
trations such as copper, lead, tin, or zinc could be made using the IC.
The results for sodium and potassium differ considerably from those
obtained on the ICAP. This is probably because of the rather high detec-
tion limits for those two elements on the ICAP. Except for those in
stage 3, the calcium values are in reasonably good agreement. The chlo-
ride values show a marked steadily rising increase from stage 1 through
stage 6. Except for a few exceptions, phosphate and sulfate do not con-
stitute serious contaminants. Nitrate as a contaminant is practically
nonexistent. It might be pointed out there were several unidentified
peaks in the chromatograms. It is suspected one of the peaks belongs to
fluoride (F~) but further investigation is needed to confirm this.

Also, no attempt was made to check for organic anions, some of which
might have been present.

2.4 SURFACE ANALYSIS TECHNIQUES SOMETIMES USEFUL BUT SOLVENT
EXTRACTION /CONTAMINANT PROFILING ANALYSIS OF PW EXTRACTS MORE
PROMISING

A general discussion of the merits of surface analysis techniques
versus solvent extraction/analysis techniques.

At this point we shall summarize the key points regarding direct
surface analysis techniques versus solvent extraction/analysis
techniques.

Surface analysis techniques can be applied only to exceedingly small
areas of the total PW surface area. These techniques, viz., SEM/EDS,
AES, and ESCA (survey and high resolution) can be used to profile con-
taminants left on PW. Something positive can be said of each method.

With SEM/EDS photomicrographs of the surface can be made along with
a general analysis of Ehe chigf elements down into the surface to about
10,000-50,000 A (=10 cm). On occasion the SEM may reveal an anom-
alous surface morphology and EDS may reveal gross abnormalities in compo-
sition. To cite two examples, the SEM was used to detect crystalline-
1ike deposits on the solder surfaces on some of the PWAs of set #11. It
is highly probable that the material was organic in nature.
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It is speculated that it was flux which did not come off by the conven-
tional cleaning techniques. The use of EDS revealed a case where the
amount of tin in a tin/lead trace was grossly deficient.

It was often not clear, however, whether a given morphology was
anomalous or not. This is the chief problem with employing SEM. In the
case of EDS, it is not really a true surface analysis technique since it
"sees" far into the material.

With AES only elemental analysis is possible. However, AES is a
true surface analysis method since the analysis extends only 20-30 A into
the material. AES also suffers from the limitation that it cannot be
used on polymeric surfaces because its electron beam is too destructive
of these surfaces.

ESCA is more versatile than AES. ESCA can be applied to both metal-
1ic and nonmetallic surfaces. It too is a true surface method since the
analysis likewise extends only 20-30 A into the material. Further, ESCA
data (photoelectron spectra) lend themselves more readily to yielding
different chemical states of the elements, thus suggesting molecular
groupings and arrangements. 0Of the three direct surface analysis techni-
ques, it is the most powerful in terms of the amount of useful surface
information it affords.

Both AES and ESCA can be used in conjunction with sputtering of the
surface. AES may be performed simultaneously with the sputtering whereas
the sputtering must of necessity precede ESCA analysis. However, there
is one caution. Sputtering often changes the valence states of the sur-
face atoms at or near the area being sputtered. Thus, identification of
the surface chemical states may not accurately reflect the initial
composition.

The chief problem of all of the direct surface analysis methods as
applied to profiling contaminants on the surface of PW is this. Surface
analysis techniques by their very nature can be applied only to an ex-
ceedingly small area of the total PW surface area. Data from several
(>3) areas would undoubtedly have to be gathered and, even then, there
might exist some question as to whether these data were truly represent-
ative of the surface as a whole. The problem is compounded by the lack
at the present time of adequate ways of standardizing the instruments.
In addition, the results from the direct surface analysis techniques are
expressed in atomic gercent concentrations which cannot be converted into
pg of contaminant/cmc of PW surface.

The conclusion 1s that direct surface analysis techniques do have
definite limitations associated with their application for determining
production cleanliness of PW. However, their use can provide relevant
and useful information, and they will sometimes prove beneficial in sol-
ving problems of PW contamination. In point of fact, it is estimated
that approximately 5% of all PW contamination problems will require
direct surface analysis techniques for successfully resolving the
problem.
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The data generated from the experiment on production PW also indi-
cate that the solvent extraction/analysis techniques will also function
adequately as contaminant profiling devices for determining production
cleanliness of PW. In particular, they do not suffer from the chief
drawback of the direct surface analysis techniques, for the solvent ex-
traction is made over the entire surface. The only problem with their
application is to establish the proper extraction time to ensure that the
contaminants have been rinsed into the extract and no longer remain on
the PW surface. The results, normally reported in ppm (parts-per-
million), can easily be converted into micrograms of contaminant/cm? of
PW surface (ug/cmc) provided the volume of extract is measured. It is
estimated that approximately 95% of all PW contamination problems will be
amenable by solvent extraction/analysis techniques.

2.5 THE COSTS

A cost analysis of the different methods of detecting surface
contaminants on PW can be performed.

The conclusion drawn from the PW experiment data is that both direct
surface analysis techniques and solvent/extraction/analysis techniques
can be used successfully to profile contaminants on the surface of PW.

It is estimated that the solvent extraction/analysis techniques are some-
what superior because they have less problems attendant to their use.
However, it is appropriate now to turn to the costs.

We first construct an effectiveness versus cost scale, which is
presented in Figure 14. Bear in mind that

Alternative 1

extract resistivity testing (ERT)

"

Alternative 2 = laser beam scanning

Alternative 3

direct surface analysis techniques (SEM, AES, ESCA)
Alternative 4

solvent extraction/analysis techniques (1CP-ES, 1C).

Since alternative 2 is not viable, it does not appear in Figure 14.
A Albernetive 4
Aliernadive 3

P
L
e tiatantandh

Effechiveress (€D

Alternative |
R " Cost(C)
Figure 14. Effectivqs vs. cost for the three alternatives.
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Using the terminology of capital budgeting, we are here dealing with
mutually exclusive alternatives. That is, each alternative under
consideration represents an alternative method for meeting the same
objective. Once one alternative is chosen to do the job, the others will
be dropped from consideration. Applying discounted cash flow techniques
to the above two alternatives holding the highest promise, viz., direct .
surface analysis techniques and solvent extraction/analysis techniques,
we obtain the following table below. The net present worth (NPW)
technique is employed to compare the two alternatives.

Table 11
Net Present Worth for Two Mutually Exclusive Projects

Direct Surface Solvent Extraction/
Analysis Techniques Analysis Techniques

First Cost: $328K $174K
Life: 10 yr 10 yr
Salvage value 25K 10K
Annual operating disbursements 29K 22K

Minimum return in investment = 14%

First Cost: $328K $174K
First replacement
= (328-25) (P/F, 14%, 10): 82K
= (174-10) (p/F, 14%, 10): 45K
Operating disbursements P
= 29 (P/A, 14%, 10): 152K o]
= 22 (P/A, 14%, 10): 115K L
Less salvage value @ 10 )
= 26 (P/F, 14%, 10): -7
= 10 (P/F, 14% 10): -3K 1
Net present worth cost $555K $331K

The cost analysis of the two competing projects leads us to choose M;.'J
alternative 4, solvent extraction/analysis techniques (ICP-ES and IC). ;inf
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2.6 THE BENEFITS

The benefits for selecting the solvent extraction/analysis
techniques are widespread for PW manufacturing.

The most desirable method to pursue detecting contaminants on the
surface of PW is seen from the above discussion to be solvent
extraction/analysis techniques. It is suggested that such a system be
put together where the analytical instrumentation is directly combined
with a minicomputer. This system will be called a contaminant profiling
(C/P) system. It will provide a higher degree of confidence in PW
cleaning and manufacturing processes.

On-1ine monitoring of the types and levels of various contaminants,
especially the ifonic contaminants, by means of a contaminant profiling
system under the direct control of a minicomputer will result in the
rapid detection of processes, manufacturing and/or cleaning, out of con-
trol. It will also lead to improved field performance and higher PW
reliability. Such a system can be designed to function with a @ /N0 GO
test procedure affording early detection of a failure situation. Thus,
the manufacturing process in question can be halted before a great number
of faulty PW are produced.

Such a system will give a high degree of statistical confidence to
the manufacturing and cleaning processes used. The sensitivity of the
contaminant profiling system based on solvent extraction/anglysis instru-
mentation will be such that detection of submicrogram (<107°g)
quantities of various contaminant species in an extract solution will be
feasible. This resolving power far exceeds that obtainable by present
methods. Such an integrated system is not only applicable now, but will
be even more pertinent in the future when conductor line widths/spacings
are expected to be <0.002 in.

The use of a minicomputer to integrate the system will result in
automatic calibration, system process control, fault diagnosis, and anal-
ysis and computation of the resulting data. Thus, the contaminant pro-
filing (CP) system will fit easily within an on-1ine PW manufacturing
production line where it will provide efficient monitoring of the pro-
duction and cleanliness processes. The establishment of this system will
substantially reduce failures of PWAs due to contaminants remaining on
their surfaces.
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2.7 THE CRITERION

The cost/benefits analysis for the two competing projects was made.

In the case of ascertaining the production cleanliness of PW, it is
clear that Alternative 4 (solvent/extraction/analysis techniques) domi-
nates the others at all levels of investment and effectiveness. Based on
this outcome of benefits and effectiveness versus costs, Alternative 4 is
the preferred method for realizing the objective.

2.8 THE SOLUTION

Build a contaminant profiling (C/P) system to detect and quantify
contaminants on the surface of PW.

Design, assemble, and integrate a system having the capability of
yielding a detailed profile of all ionic contamirant species. Very
Tittle fabrication of parts is expected since all parts, or components,
needed for the system already exist as separate entities with the excep-
tion of the extraction tank/pumping component. The contaminant profiling
{C/P) system will consist of:

1 Inductively-coupled plasma spectrophotometer/graphite furnace

[~

Ion chromatograph

3 Minicomputer and computing integrator unit
4 Extraction tank/pumping unit

5 MWater purification unit.

The inductively-coupled plasma (ICP)/graphite furnace unit will be
used to detect and quantify the levels of metallic and quasi-metallic
elements, such as copper, tin, lead, chromium, phosphorus, silicon, etc.,
which are routinely expected to be found in extracts made from production
PW. The ion chromatograph will be employed to detect and quantify
anionic species such as chloride, fluoride, sulfate, and small organic
acid anions appearing in many fluxes, both rosin-based and water-based. T
The extraction tank/pumping unit will be used to contain the PW during SR
the extraction phase of the test cycle. The water purification unit will RIS
ensure the highest purity water for preparing the PW extracts. The com-
puting integrator unit will be employed in conjunction with the ion chro-

matograph. It will automatically compute and integrate the areas under R
the curve which is the case for chromatographic data. Finally, the mini- S
computer will be used for C/P system control, data handling and analysis, IOARNE
and total system integration. Data and programs can be displayed on the o
CRT. Data handling and analysis will include statistical treatment of RNt

a11 data generated to ensure the secure foundation of a data base for PW
production cleanliness criterfia. A schematic of the C/P system is
presented in Figure 15,
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Schematic Diagram of The Mini Computer-Controlled
Contaminant Profiling System
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This concludes the systems analysis approach to determining the
production cleanliness of PW. One can see during the discussion how the
five phases of the systems approach were interweaved in the process of
selecting the most appropriate alternative to build a C/P system. These
five phases were:

l_ Formulation

LY

Search

Evaluation

|4 |w

Interpretation

{lan

Verification.
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NOTES

1. See E.S. Quade and W.I. Boucher, Systems Analysis and Policy
Planning (New York: Elsevier, 1968}, pp. 1Z2-13.

2. Each individual set consisted of 18 test PWBs whose size was
2.375" x 4.0".

3. A1l of the test PWBs (except those in Set #11) in the cleaned sets
(odd numbered) were cleaned following this procedure:

1 2 minutes over boil sump
2 2 minutes spray rinse - each side of the board sprayed 1 minute

3 Each test individually rinsed 1 minute on each side with
~ demineralized water.

In steps 1 and 2, the degreaser contained stabilized
1,1,1-trichloroethane.

The test PWAs in set #11, however, were batch cleaned following this
procedure:

1 2 minutes complete immersion in stabilized 1,1,1-trichloroethane

2 2 minutes over boilsump (raised every 30 seconds to cool then 4
lowered over boil sump again)

3 2 minutes immersion in rinse sump

4 2 minutes spray rinsed with solvent - each side of the assembly ””Lh'
sprayed 1 minute T

5 Each test PWA individually rinsed 1 minute on each side with

demineralized water.

PN

In steps 2-4, the degreaser cuntained stabilized 1,1,2-trichloro-
2,2,1-trifluorocethane.

4. A1l panels used in the experiments were initially cleaned before any
FTabricated steps following this procedure:

1 2 minutes over boil sump

2 2 minutes spray rinse - each side of the panel sprayed 1 minute.

The degreaser contained stabilized 1,1,1-trichloroethane. However, .
only the test PWBs in the odd numbered sits were cleaned after SN
reaching the end of the appropriate manufacturing stage (six )
stages). See note 3 for the cleaning procedure used.
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5. Transmission Electron Microscopy (TEM) was also employed;, however,
except for revealing not especially noteworthy differences in mor-
phological characteristics among samples, the TEM is not a useful
technique for profiling contaminants on PW. Hence, no discussion of
the TEM or the results obtained therewith are included in this
report. ~

6. Model JSM-U3 scanning electron microscope (marketed by JEOL,
USA, Inc. of Peabody, MA). EDX spectra were obtained from areas of
interest using a Si(Li) detector (manufactured by Princeton Gamma
Tech, Inc. of Princeton, NJ) coupled to a Proxan IIl energy analysis
system (marketed by Elscint, Inc. of Hackensack, NJ).

7. Model 549 ESCA/AES/SAM surface analysis (manufactured by
Perkin-Elmer, Physcial Electronics Division of Eden Prairie, MN).

8. Same as Note. 7.

9.  An Ionograph (Alpha Metals) was also used to test the PW for the
Extract Resistivity Test (ERT). The ERT is based on measuring the
specific resistivity, p, or its reciprocalx(the specific conduct-
ance), of an isopropyl alcohol/water extract solution of PW. Two
ERT devices widely used throughout the PW industry are the Omega-
Meter and the Ionograph. The Ionograph is calibrated to read
directly in micrograms of sodium chloride (ug NaC ) or
equivalent. Dividing the reading by the PW surfate area in cm2
yields the amount of ug NaCl or equiva]ent/cmz. These are the
results found using the Ionograph. All data are given in pg/cm
(the figures give here are based on taking the arithmetic means of
the readings).

Results from IONOGRAPH in pg/cm?

Cleaned Not Cleaned

Set #1 Set #2
Stage 1 0.02 0.07

Set #3 Set #4
Stage 2 0.01 1.13

Set #5 Set #6 -
Stage 3 0.06 1.06

Set #7 Set #8
Stage 4 0.07 0.29

Set #9 Set #10
Stage 5 1.19 1.30

Set #11 Set #12
Stage 6 2.72 25.1

However, the ERT merely indicates the presence of ions and affords
only a rough order of magnitude of the ionic concentration. It does
not give any indication whatsoever of the specific ionic species
causing the PW degradation. Since ERT is nonspecific regarding the
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330 WRCURC2SSXLINE+47 )3
INFUT"" yP(N)
540 IF P(N)<1 OR P(N)>é6 OR P(N)<>INTCP(HN)) THEN WRCUR(S642):
FRINT"ILLEGAL PROGRAM NUMEBER":
WRCUR( 236XLINE+47 )¢
PRINT" "
GO0T0530
S350 WRCUR(D642):
FRINT
S460 NEXT N

570 WRCUR(5642)3

INFUT "FPRESS HOLD - FRINT OMN 3000. FRESS RETURN TO CONTINGE
"v08$2¢

WRCUR( 5642):

FRINT

980 WRCUR(S5442)2

PRINT"READNING ELEMENT FILES"

990 FOR N=1T0I

670

630

70
/80
810
820
830
40
g50

860
870

600 F$="MFD1:"+ELE$(N)+".GR"
610 ON ERROR GOTO 830
620 OFEN "1"»325F$
630 LINFUT ¥25FS(N)
640 FRINT #5:¢
FRINT #6»"FPROGRAM #$"iF(N)»"ELEMENT FILE NAME:
"FELESI N
FRINT$#S9FPS$(N)
630 CLOSE #2
660 NEXT N
FRINT#4,"4" ¢
INPUT#S,CHRS
FOR N=1(0 I
690 LET AS="P"+RIGHTS(STRS(F(N))s1)
700 PRINT#45A%
710 INFUT#55CHKS °
720 FRINT#49FSIN)
730 INPUT3LsCHAS
740 NEXT
FRINT#6
FRINT#4y"THE FOLLOWING FROGRAMS HAVE EEEN LOADED IKRTQ THE 50.us
FRINI %6
PRINT#6, TAEC( 25 )i "ELEMENT" s "PROGRAN" ¢
FRINT#6
FOR N=1TOI
790 PRINT#6s TARC 25)FELES(N ) TARCSO 1R
BOO HNEXT N
FRINT#S
CLOSE:
GOT1020

F$CnN)="9000100C0C0100C00i0C005110001100000:0000E15300C8001000G, 00 .40

1100010001040000000027"

FRINT#6
FRINT#&ELESCt)s"  HOT IN LIEBRARY. FROGRAM LOCATION "iivtiv
"WiLL CONTAIn 5000 DEFAULT VALUES."

ELES(N)="DEFAULT"

RESUME 630

RESUME 370

FIGURE 20C.
7
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240 WRCUR( 256%x7+10)¢
PRINT "PRESS HOLD - PRINT ON S5000."
250 WRCUR( 256%8+10 )3
FRINT *PRESS RETURN ON DATA STATION TO STORE I LIERARY."
260 INFUT "",us$
270 PRINT#49°A" !
INPUT#SsCHES
280 PRINT#4,"D1"
2%0 LINPUT #5sF$
300 ON ERROK GOTO 870%
F$="MFD1$"+ELES$+" .GR" ¢
OPEN"1"2$2,F$
CLOSE #2
310 WRCUR(S642):
PRINT ELES$;:
INPUT" ALREADY EXISTS IN LIBRARY. OVERWRITE (Y/#) “,03
320 IF 0$="Y" GOFO 370
330 IF O$<>"N" GGTO 319
340 WRCUR(S642)¢
INPUT “NEW ELEMENT FILE NAME (PRESS RETURN TC EXIT eeessos”rELe s
350 IF ELE$="" GOTO 90
360 WRCUR( 1034 )¢
PRINT ELES:
WRCURC 5642 )%
PRINT
370 OFEN “0"»#2sF$
380 PRINT#2,Ps
390 CLOSE #2
400 PRINT 26¢
PRINT #09ELES
410 PRINT 358
FRINT 3&8:F3%
420 CLUSE:
GOT0 20
430 PRINT Cs:
WRCUR( 529 )3
FRINT#3, INITS
2440 WRCUR( 25807 +17 )%
INFUT “NUMHER OF ELEMEHTS (& MaXe dess"sl
450 IF I<1 OR [+6 OR 1:-~INTCIDTHEN WRCUR. 180% )¢
PRINT
GOTOs40
4460 PRINTCS
WRCUR( 529 )3
FRINT#3s INITS
470 WRCUR( 256%5+23 ): -

FRINT “ELEMENT FROGRAN & (1-0)" e
430 WRLUR( 256%x6+27 )% S

FRINT f=-=--ee oo " RS
490 FUR N=17101 S
500 LINE=6+N
910 WRCUR( 2S6XLINE+24 )}
INFUT" " yELES(N): .
IF LENCELES(N)):S OF LEMCELE$IN))=0 THIn wRCUM Soal i
PRINT" ILLEGAL ELEMENT FILE NAME" .
WRCUR( 256 XL INE+24 )
PRINT" "
GOTOS10 FIGURE 208B.
520 WRCUR(5642): 70
PRINT
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baTE  80/11/14 L UCIMF DL SGFLOD . BA =

* TIME 10204

1 REM AKX ICP/5000 LOADING ROUTINE xxx

2 REM THIS PROGRAM IS A COMMUNICATIONS ROUTINE THAT FERMITS:

3 REM 1)CREATION ANDI STORAGE OF ELEMENT PARAMETER FILES

4 EM 2)LOALING THOSE FILES ONTO THE MODEL S000 6 AT A TIME
D KREM

5 REM FILES ARE CREATEDR BRY ENTERING PARAMETERS INTO THE MODEL 5000
7 KERNM AND STORING IN PROGRAM LOCATION 1., THE DATA STATION REALNS

g9 REM THE FILE ONTO THE LIBRARY DISK IN DRIVE #1.

9 KENM

10 RENM IN THE LOADING OPTIONs UF TO 6 ELEMENT FILES MAY BE READ FROM
11 REM THE LIRBRARY DISK AND LOADED INTO PROGRAM LOCATIONS 1-6.

12 REm

13 HEM

14 REM

20 CLEAR 900

30 LEFINT I

40 UFEN "O"s#4y"COMUL"

S0 OPEN "I" »#5»"COMR"

40 UFEN “0" s#6y "AUXW!"

70 UPEN "0" #4395 "SCRN!"
80 US$=CHR$( 27 )4CHR%$(75)
7?0 HRINT C%
100 WRCUFR{S2y ).
INIT$=CHR$(134)+"ICF S000 PARAMETER COMMUNICATION ROUTINE +.4R.
)s
FRINT#3,INITS
110 WRCUR( 296%7420)3
FRINT "ENTER:
L = LOAD S000"
tdv WRCUR( 256X8+427 )%
PRINT "F = F TLE CREATE"
130 WRCURC 258%5427 )8
INPUT "E = EALT "y0%
14C IF Os="F" GOTO isC
150 IF us="L" GATO 430
160 IF U$="E" THEN FRINKT C$!
CLUSE:
SYSTEM

L7¢ B0TU 119
180 PRINTCS:
WRCUR( 529 i
PRINT#3y INITS:
WHRCURC 2586x7+17 )8 ' .
INPUT "ELEMENT FILE NAME (5 CHARS. MAYX e )es"sELES {
1Yv IF LENCELES )»S THEH WRCUR: S642):
PRINT' 1LLEGAL FILE RANME™:
FOK I=1TQ2000:

1=13 -

NEXT I: ; T

GOTULBU FIGURE 20A. Program for Loading Various SRR

200 IF ELE$=""THEN 180 Atomic Absorption QOperating Para- .
210 WRUUR(258%7 ): meters in BASIC

FRINT . 1

220 WRCUR( 256%X4+10)¢ :“g

PRINT ELES ]

230 WRCUR( 255%6+10):
FRINT "LUOAD PARAMETERS INTD 5000. STORE IN PROGKAM LUCATION $1,
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Mt Seal s ok i e d

DATE 80/11/14 CLLLLLLLKLLKMFDL LCR W BA FrpFXEFEE>r TIME 10307

10 C$=CHR$( 27 )+CHR$(7S5)
20 FRINT Cs
30 WRCUR(256%1)

40 FRINT" Communicstion Rouline"

S50 FRINT

40 FPRINT” Iata Station - Model S5000¢"
70 FRINT

80 FRINT" Enter character string to be senl to Model S000"
90 FRINT" after epromrt.”
© 100 PRINT
110 FRINT® Mordel 5000’5 rerly will be rrinted.”
120 OPEN “C"$4,y"COMUL"
130 OPEN “I“+4Ss"COMRS"
140 CLEAR 200 .
150 WRCUR(2546%12):
PRINT S
WRCUR{ 256%12)
160 INF’UT "STRINGO .. '" 'AS
170 PRINT #4,A%¢
INPUT #3» CHKS$
180 WRECURt 256%14)¢
PRINT S
FRINT S
WRCUR(C 256%14)
190 PRINT CHK$
200 OPEN "0"s$1,"6UXWI" S
PRINT#1:PRINT#1sA% ¢
FRINT#1sCHRS
FRINT #1:CL0SE$L
210 GOTU140

FIGURE 19. Program for Establish-
ing Two-Way Communication
between 5000 and Data
System in BASIC

’

e e .
. CLT . L
D SR ay W R B RS Y
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760 FOR I=1TON
770 CALL HSYMB(REs@H( I)sBW(1)s@SYNS$)
780 NEXT I
790 Vi=( 125%M+E )¢
V2=( 625%KM+E )
800 Hi=( 25-E)/M!
H2=( 200-F }/M
810 IF V1>=0 6O0TY 850
820 IF V2<=200 GOTO 840
830 CALL LINE(BEsPH1,25s0H25200,1)2
GOTO 880 -
840 CALL LINE(RE@H19255525,8V2y1 )3
GUTO 880
850 IF V2<=200 GOTO 870
860 CALL LINE(@Es125y@U1,@H2,200s1)¢
c0T0880
870 CALL LINE(BE125,BV1,62558V291)
880 WRCUR 256%x20425:
FRINT USING "CURRELATION COEFFICIENT = #.3##3" iRknQ
890 GOTDS90
900 WRCUR 256%X20+414:
FRINT CHR$(136)5"MAXIAUM ENTRY = NINE FOINTS";CHR${128):
LUT0S90
910 CALL GRINIT(@E):
CLOSE $
FRINT C$$
WRCUR 256%1
920 SYSTEM

FIGURE 18C. T
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NEXT I

310 Y=Y(1)
320 FOR I=2 TO N:
IF Y<Y(I) THEN Y=Y(I)}
NEXT I
330 FOR I=1 TO N:
XCI)=X¢ I)/X%500+1
YCI)=YC I/ YR17542
HOI )=XC 1)+448
VCID=Y( 124248
NEXT I
340 FOR I=1 TO 5!
S(I1)=0,0:
NEXT I
350 FOR I=1TON
360 SC1)=S(1 14X 1)
370 S(2)=8562)4Y( 1)
380 S(3)=S(34X¢ 1)%Y( 1)
390 SC4)=S(4)+X¢ I IXXCT)
400 SC5)=S(5)14YC THXYCI)}
NEXT I
410 THETA=N%S(3)-S(1)%S(2)
420 PHI=NXS{4)-5(1)%5(1)
430 CHI=NXS(5)-S(2)%S5(2)
440 U1=CHI/N
450 U2=THETA'2/( NXPHI)
480 Q3=N-2
470 M=THETA/FHI
480 B=( S(2)-MXS(1))/N
490 M2=(U1~Q2)/Q3
50U SB=S0R( AES(A2XNSFHL 1)
910 SA=SURC ARSI VXS, & ) /FHL /)
520 RAu=1HE | 4/ SURCEHIXCRT)
%530 KEM INTCRCEPT =6 +/~ SA
540 KEM SLUITE =M $./- Sk
950 KEM CORRE.. COEFF,=20LHO
560 LUTUSS0
570 WRCUR 256X20+414
PRINTCHRSC 138 35" DiaTh INSUFFICIENT FOR LIREAR REGRESSIONT iCHRG &xo
580 RESUME $90
590 CLUSE
400 OFEN "0’ »#1"CNSLL" ¢
PRINT#1s" STRINI" $CHRSC 1363 RETURN" 5CHR%L 22503 TO CURTINGT o
510 WRCUR 256%24436,;
INFUT" "y X$
620 FRINT C$
630 PRINT #1s"LR
80 GOTOS0
650 PRINT C%
66v WRCUR 2558X2341C
PRINT CHRE$(124)3' GRAFALICS MODE" iCHRES$!128)
670 CALL LINE(RE1255259125,200)
68V LALL LINECWE121+200r125:20091)
490 CALL LINECWE 12392596259 25) 4
700 CALL LINE(RE625922982592591) :
710 H$="CONCENIRAT [0
720 CALL HSTMEC RE»380+25,@H4 )
730 V$="ABSURKANCE" .
740 CALL VYSYMB(RE»125s 1000V ) FIGURE 188B.
750 Syhs="x" 66 -
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BN G D LIS

16V

170
180
19¢
200
210
RV
23v
40

290
300

ATE 80/11/14 LA IMF DL (LR G BA FrsrrFFye TIMG 10506
REM ¥xk GRAFHITE FURNACE STANDARDS SELECTION ROUTINE XX
REM
REM THIS PROGRAM IS DESIGNED TO AID THE ARALYST IN THE SELECTION OF
REh STANDARDS FOR THE HGA-500 GRAFHITE FURNACE.

REM :
REM ABSOREANCE VALUES FOR UFP TO 9 STANDARIS MAY BE ENTEREZD.
THE
REM FROGRAM WILL FERFORM A LINEAR REGRESSION ARALYSIS
OF THE ENTERED
REM VALUES AND FLOT THE RESULTS ON THE SCREEfn» USING THE GR&AFHICS
REM CAPABILITIES OF THE MODEL 3500 D[ATA STATIOKN., [HE CORRELATION
REM COEFFICIENT 1S ALSO DISPLAYEL.
REM
REM FRINTER OUTPUT IS NOT AVAILABLE AT THIS TIME.
REM
REM
DEFINT HaV
L IBRARY "GRUTL.LE"

UN ERROR 6GOTO 370
U3=CHR$( 27 )»+CHR$(75)

1- 0Ll

F=0

CALL GRINITCRE)
FRINT C%¢

WRCUR 256x%2+20
FPRINT “GRAFHITE FURNACE METHODS DEVELOFMENT"
WRLUR Z50%4+21
FRINT "LINEAR HEGRESSION GRAFHICS ROUTINC”
WRLUR 2U56%234303%
FRINT CHR%¢136)i"DATA ENTRY MODE" iCHRE( 1258
CLUSE?S :
UFEN"Q" s #1»"CRELI" S
FRINT#Le"ENTESY SLHRS$( 1360370 jCHRS$C 1284 .0 ERIT

WRLUR 230%3:
INFPUT"EN rEF\ NUMBER OF STHS . e ot :—9 Yoo N

FRINT$L1»"LR »
CLOSE

IF N=0 THEN 910

IF N<2 THEN ERROR 19

IF N29 GOTO 900

WRCUR 256x8

PRINT »"STANDARD #'»"CONC. (FFE)"

FRINT jVvmmmemm e iy e ——— Py e ——— "

PRING 9" BLANKS

FOR I=1 1O N:
FRINT," "1
NEXT 1

N=N+1
FOR I=1 TO n~@
WRCUR Z0odCI+9 14310 I0FUT "9 X1 1)
270 WRCUR 256x( [+Y)1+4451

INPUT ""yYel) FIGURE 18A. Linear Regression

_280 NEXT I Analysis Program for Data
X=X(1) from graphite Furnace in
FOR I=2 TO N BASIC

IF X<X(I) THEN X=X{I):
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RF Power Supply

|

jon

Data System

jon

HGA-500 Graphite Furnace

|~

AS-40 Autosampler (for furnace)

PR-80 Printer.

o

The emission spectrophotometer, i.e., plasma torch, will be used to
detect high to fairly high levels of the metallic and quasi-metallic
elements (=0.5 ppm and greater), whereas the furnace will be employed
only for levels lower than those detectable using the torch.

The other units making up the ICP 5000 are auxiliary units. The RF
Power Supply 1s required to supply the energy needed to decompose Argon
(Ar) gas into a plasma. The autosamplers are used to hold sample cups
and to present the appropriate sample to be analyzed to the torch or to
the furnace, as the case may be. Light emitted by the torch must pass
into the 5000 Spectrophotometer via the Optical Interface for optical,
hence elemental, analysis. Light absorbed in the Graphite Furnace must
also be analyzed in the 5000 Spectrophotometer; however, the furnace is
an integral part of the 5000 as constructed and requires no special
Optical Interface. The Data System is a microcomputer having two I/0
devices attached directly on {t - a CRT and a keyboard. Accompanying
this is a Printer which is software selectable to produce up to 132
characters per line of hardcopy.

Figures 18A, B, C display i program in the BASIC 1anguage for
performing a 1inear regression analysis of data obtained from the
Graphite Furnace. Using this program, it is possible to plot on the CRT
standard concentrations versus absorbances and to visually display the
1inearity of the resulting graph. In this way discrepancies and
deviations from linearity can easily be checked.

The operation of the 5000 is completely controlled by its built-in
microprocessor, or it may be controlled by the external Data System
through a two-way RS-232C interface. Figure 19 shows a BASIC program
used to establish two-way communication between the 5000 and the Data
System. In this way, the 5000 becomes controllable through the Data
System,

Figures 20 A, B, C represent a BASIC program for loading various
atomic absorption operating parameters, e.g., absorbance wavelength, slit
width, l1amp current, etc., for Graphite Furnace use into the 5000 from
the Data System. Figures 21 A, B represent the hardcopy output of the
various parameters for the different elements to be run in the furnace.
Note that the long number strings are the particular way the 5000 stores
its parameters.
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4 Allowance of cause/effect correlation by determining the species
source and species related latent failures

5 Allowance of the use of water-soluble fluxes since contaminant
levels can be determined with confidence.

It is a truism that printed wiring assemblies (PWAs) are rapidly
becoming more complex. Driven by tighter packaging requirements and the
necessity for greater component densities, product lines for advanced
missile systems will soon be almost exclusively PWAs having smaller line
widths/1ine spacings and having ceramic chip carriers (C3s) as
components. See Figure 17 for an illustration of this trend in PW
manufacturing. It is anticipated that the C/P system will greatly aid in
testing for cleanliness for such complex PWAs.

3.1 THE INDUCTIVELY COUPLED PLASMA EMISSION/ATOMIC ABSORPTION
SPECTROPHOTOMETER

One of the most important analytical instruments in the contaminant
profiling system is the inductively coupled plasma emission/atomic
absorption spectrophotometer.

In order to better place the following discussion in perspective, it
is appropriate to describe in greater detail the PW contaminant profiling
(C/P) system. Recall that this system consists of five major
components:

1 Inductively-coupled plasma spectrophotometer/graphite furnance,

ICP/GF
2 Ion chromatograph, IC
3 Minicomputer and computing integrator unit

| =

Extraction tank/pumping unit

|on

Water purification unit.

However, some of the above C/P system components can be considered a
system in their own right, i.e., they can be further decomposed or broken
down into subunits or subcomponents. The best case in point is the
ICP/GF (Perkin-Elmer ICP 5000). The ICP 5000 can be considered a system
in its own right composed of the following units:

|

Model 5000 Spectrophotometer

N

ICP Source (torch)

je

Optical Interface between 1 and 2
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3.0 DEVELOPMENT OF THE CONTAMINANT PROFILING SYSTEM

Based on the results of systems analysis, a contaminant profiling
(C/P) system for establishing printed wiring cleanliness criteria was
designed and integrated.

To produce highly reliable PW requires a more rigorous method for
detecting and quantifying contaminants on PW. This method will provide a
much higher degree of confidence in PW cleaning and manufacturing
processes.  The method is called Contaminant Profiling.

Designate the act of detecting contaminant species and assaying
their individual concentrations as Contaminant Profiling (C/P). One will
be especially concerned with the detailed profiling of all ionic species,
allowing a rapid determination to indicate if a particular process is in
control or not. If it is not in control, C/P will indicate this and
allow remedial steps to be taken without too great a loss in time.

Hence, it will be cost-saving and economical in the long run. Further,
C/P of special solvent extract solutions of PW entities to ascertain
their cleanliness will provide information of the kind and concentration
of all solvated ionic species at levels far below what can be achieved by
extract resistivity or insulation resistance testing. Contaminant
Profiling, then, will reveal whether the cleaning processes used on PW
entities are truly performing as they ought. This technique will be an
absolute must to ensure adequate cleanliness levels for PW assemblies
having 0.002 inch conductor spacings or less.

The task objectives were:

1 Develop and build a contamination detection and measuring system
for printed wiring (PW).

2 Increase PW reliability by tn-line testing and monitoring of PW
production cleanliness.

3 Implement the contamination detection and measuring system in a
PW manufacturing environment.

Figure 16 shows an abbreviated typical manufacturing process for
double-sided PW boards and the inclusion of the C/P system into the
manufacturing line.

The advantages of the C/P systems are:

jo—

Identification of different contaminant species

|~

Quantification of the contamination level of each species

3 In-line detection - modular and minicomputer controlled
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15.

16.

17.

18.

19.
20.

By definition, 1 ppm = 1 milligram/1iter = 1 microgram/milliliter,
i.e., l)ppm = 1 pg/ml. Also note that 1 ppm = 1000 ppb (parts-per -
billion).

According to a recent investigator, Dr. W. Bernard Wargotz, 1.0

pg/cm2 represents the threshold concentration beyond which rapid

and progressive deterioration of the PW electrical functions begins. T
See Wargotz, "Quantification of Contaminant Effects upon Electrical -
Behavior of Printed Wiring", IPC Technical Paper, Sept. (1977), 13
In his experiment, Wargotz used PW having conductor spacings of
0.009 inch. He used sodium chloride as the ionic material to pro-
duce the degradation. Sodium chloride, NaCl, however, is a readily
soluble salt. Whether the 1.0 pg/cm? figure represents a thres-
hold concentration for only slightly soluble fonic salts (such as
many of those of copper, lead, and tin) remains to be determined.

It may even be that 1.0 pg of NaCl or equivalent/cm of PW surface
is too high an acceptable 1imit for PW. It is easy to show that
this amount of sodium chloride amounts to 7 to 10 monolayers of salt
assuming completely even distribution over the surface area. As
conductor spacings become narrower, we may want to limit the
acceptable amount to less than this.

For some of the elements in PW extracts, an atomic absorption
spectrophotometer (AAS) with an accompanying graphite furnace (GF)
would be better because of improved detection limits.

When the C032-/HCOF eluent is used, a negative "water dip" ==
is observed on the chromatogram before the C1~ peak. “

Defined as twice the noise level.

See John R. Canada, Intermediate Economic Analysis for Management e

and Engineering (Englewood Clhiffs, N.J.: Prentice HalTl, Inc., 1971, Lk
Chap. 4, pp. 4 R
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ionic species, it cannot be classified as a detailed contaminant
- profiling test. See Table 7 for a comparison of these figures with
- those found using the ICP.

Model 965 Plasma Atom Comp emission spectrophotometer (marketed by '
Jarrell-Ash of Waltham, MA).

Models 12 and 14 Autolon ion chromatographs (marketed by DIONEX
Corporation of Sunnyvale, CA).

A dicussion with the laminate vendor revealed that the following
elements may be observed from the materials used to make the glass
fiber cloth within the epoxy: B (boron as By03, 5-10%, rarely
observed), Ca (calcium as Ca0, 16-25%), Al (aluminum as Alp03,
2-16%), Si (silicon as Si0p, 52-56%) Na andK (sodium and
potassium as Nap0 and K20, 0-2%), Ti (titanium as Ti0p,

0-0.8%), Fe (iron as Fep03, 8.05-0.4%), P (phosphorus, 0-1%).

Br (bromine) shows up in epoxy functioning as a fire retardant.

Elemental distribution maps can be obtained to show the distribution
on the sample of an element of interest. The brightness of the
recording CRT is modulated such that a series of dots apears on the
photograph with their density related to the concentration of the
element, i.e., more dots indicate more of the element. The
elemental distribution shown on the photograph (dot map) can then be
qualitatively related to the sample topography shown in a SEM
secondary electron photograph taken of the same area. It shold be
emphasized that only differences in dot density are significant
since some dois will be produced by the white radiation background.
For the crystalline-like material in question, elemental
distribution maps were made for Pb, Sn, Cu and Br in this area since
these were the major elements in that area. The distribution maps
revealed that the crystalline material was not composed of any of
these elements.

To show this statistically, the so-called F function must be
calculated where:

F - estimate of 02 based on variation among Xs

estimate of 62 based on variation within samp]egr

For the percent of C on the cleaned samples (sets #1, #3, #5, #7,
#9, #11), it can be shown that estimgte of ¢ based on variation
among Xs = 335.03 and estimate of ¢¢ based on

variation within samples = 135.68. There are six sets of size 6;
therefore, the number of degrees of freedom of the numerator is 5
(6-1) and the number of degrees of freedom of the denominator is 30
(6x5). Now F = 335.03/135.68 = 2.47 <3.70 where F g1 = 3.70.
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PROGRAM # 1 ELEMENT FILE NAME: ALOO1
00001000001000001000051000011000001005001200000001000070803093222277011100%1G~ .2

000==

PROGRAM 3 2 ELEMENT FILE NAME: X001
000010000010000010000510000110000010050012000000020000708076652122770112007107. 2
000 4

PROGRAM $ 3 ELEMENT FILE NAMES POO1
00001000001000001000051000011000001005001200000003000020802136202277011300930%7: =
00095

PROGRAM % 4 ELEMENT FILE NAME: FBOO1
000010000010000010000510000110000010050012000000040000708¢C21702222770114009107.30
00009

FROGRAM % G ELEMENT FILE NAME: SNOO1
000010000010000010000510000110000010050012000000050000703022552222770115009107.2 30
00030

FROGRAM % & ELEMENT FILE NAME: ZNOO1
000010000010000010000510000110000010050012000000060000708021372222770110009107.30
0003~

THE FOLLOWING PROGRAMS HAVE REEN LOADED INTO THE S5000¢

ELEMENT PROGKRAM
ALOO1 1
KONy <
FOO1 3
PROO1 4
SNOO1 3
INOO1 b
FRULKRAM # L ELEMENT FILE NAME: Ca001
WOV 1RO 000100000100005100001100000100500120C000001100C70854227222273012108700 -
QYu 3 i
FROGRAM # 2 ELEMENT FILE NAME! CROO1
QU0 1000001000001000051000011000001005001200000002230070803577202233C1.L800r 10
200569
"ROGRAM # 3 ELEMENT FILE NAME: CUOO1
QOVL 1000001 0000010000520000°100000100500120000000315007 080324722027 0il300 740
oy /
"ROLRAN # 4 ELEMENT FILE NAME: FEOQO!
D000 1000001000001000051000011000001005001200000004300020802483 2002760120007 - ot
D0V
P ROLRAM ¢ O ELEMENT FILE NAME: NAOO1
2900 100000190000100003510000110000010050012000000050300408058 702352200 it 1 ®
00 3
Rl L,RAR $ 6 ELEMENT FILE NAMNE: MGOO1

. 99-00100000100005101000130000100500120000000600007080285220227701260093¢+ . -

FIGURE 21A, Hardcopy Output of Parameters
72 to Run Furnace




I

THE FOLLOWING PROGRAMS HAVE EEEN LOADED INTO THE 5000:

ELEMENT FROGRAM
CA001 1 :
_ CROO1 > 3
CU001 3
FEOO1 A
NAOO1 5
MGOO1 7
{ FROGRAM # 1 ELEMENT FILE NAME: NIOO1 -
iﬁ 00001000001000001000051000011000001005001200000001250020802320222270013100%: . = 335
a 000%7
FROGRAM # 2 ELEMENT FILE NAME: AUOO1
0000 1000001000001000051000011000001005001200000002100070802428222251013250% 1 - 53¢
00030
‘ FROGRAM # 3 ELEMENT FILE NAME: SI001 )
0000100000100000100005100001100000100500120000000340002080251622027 60143005 - o
00053
FROGRAM # 4 ELEMENT FILE NAME: FDOOI -
00001000001 00000100005100001100000100500120000000430002080247 6222280013400, © .3u s
00077 :
EMFTY NOT IN LIERARY. PROGRAM LOCATION 5 WILL CORTAIN 5000 DifAuct viwl
EMF 17 NOT I8 LIERARY. PROGRAM LOCATION & WILL CONTAIN 5000 DEM aweT VAL, s ;
I{HE FOLL.OWING FKOGRAMS HAVE EEEN LOADED INTO THE S000: e
ELEMENT FROGR A il
NI0O3 : -
AU0O1 o -
SI1001 3 e
FI001 4 R
DEFAULT 5 -
DEFAULT 6
FIGURE 218.
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FIGURE 22A. Torch Analysis of Chromium
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The next set of figures (22 A-C, 23 A-C, 24 A-B) pertain also to the
inductively-coupled spectrophotometer (plasma torch)/graphite furnace.
Recall that this component of the C/P system is being used to detect and
quantify levels of metallic and quasi-metallic elements. Based on the
experiment performed on actual production PW, these will be the elements
sought for using the ICAP torch/furnace:

aluminum, Al nickel, Ni (only if applicable)
calcium, Ca palladium, Pd

carbon, C phosphorus, P

chromium, Cr potassium, K

copper, Cu silicon, Si

gold, Au (only if applicable) sodium, Na
iron, Fe tin, Sn
lead, Ph zinc, In
magnesium, Mg

The emission spectrophotometer, i.e., the plasma torch, will be used
to detect high to fairly high levels of the above elements (=0.5 ppm and
greater) whereas the furnace will be employed only for levels lower than
those detectable on the torch. Figures 22 A-C deal with the analysis of
chromium, Cr, on both the torch and the furnace. Figure 22 A presents
the torch analysis of chromium. Three standards were run to determine
the low level 1imit of the torch. These standards were 1000 ppb, 200
ppb, and 20 ppb. Note the excellent reproducibility and the extremely
stable and reproducible peaks in the lower range. From these data, the
torch lower 1imit for Cr is estimated at <20 ppb. Figure 22 B is a Data
System printout of A. Figure 22 C deals with the furnace analysis of Cr.
Two standards were run to determine the acceptable point to cross over
from torch analysis to furnace analysis. In the first run (bottom
portion of figure), heavily tailing peaks in conjunction with peak height
buildup on high level samples and falloff on low level samples indicate
incomplete atomization. The addition of a 5 sec. 2700° cleaning step
after atomization resulted in consistent peaks (top portion of graph). A
cross-over from torch to furnance is suggested at 50 ppb, which should
allow a sfngle standard to be used on the furnace.

Figures 23 A-C deal with the analysis of copper, Cu, on both the
torch and the furnace. Again, three standards were run to determine the
low level 1imit of the torch. In this case these standards were 2000 T
ppb, 200 ppb, and 50 ppb. A preliminary run with a standard of 20 ppb S
indicates lack of reproducibility at that level. The noise peak in one Oy
of the 200 ppb standards (upper portion of figure) was caused by R
nebulizer drainage. Again, Figure 23 B is a Data System printout of e
23 A. Three standards were run to determine the acceptable point to LT
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cross over from torch to furnace. The extreme sensitivity of the furnace
to Cu suggests use of the lowest possible cross-over point and multiple
standards since the linear range for furnace analysis 10 ppb. A
cross-over from torch to furnace is indicated at 100 ppb with a minimum
of three standards used during furnace analysis.

Figures 24 A-B deal with the analysis of sodium, Na, on the torch
only. Three standards were used: 10,000 ppb (10 ppm), 1000 ppb, and 100
ppb. There is good freedom from noise down to 100 ppb. Figure 24 B is a
Data System printout of 24 A.

The utilization of the ICP 5000 {plasma torch) requires the
development of specific analytical techniques to assure the accuracy and
reproducibility of the results. Plasma torch parameter optimization is
one of the most important of these. Using manganese (Mn) as a
calibration element, the Background Equivalent Concentration (BEC),
measure of the signal to noise ratio (S/N ratio), was measured for a
multi-dimensional variable matrix consisting of viewing height, power,
nebuljzation pressure, and plasma argon flow. The combination of these
variables giving the lowest BEC and hence, the best S/N ratio, is to be
used in all further development.

For any given torch/load coil configuration, there is one set of
operating parameters that gives the best S/N ratio for the system. S/N
in a plasma system is measured as the BEC which is defined as the
concentration of analyte species that gives an emission signal equal to
the background emission at the wavelength of interest. It may be
calculated from the emission signal at any concentration by the formula:

(Background)(Concentration)
(AnaTyte - Background]

Where:
Background = background emission at A
Concentration = [analyte species]
Analyte = emission for [analyte species] at A

A

1 ppm manganese is chosen as the analyte for convenience. Four
parameters influence the BEC:

wavelength of interest

1 viewing height in the plasma

(LN

plasma power
3 nebulizer pressure

4 argon flow.
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Preliminary development work suggests varying the parameters in the order
given above.

Figures 25A 1-3 show the results of varying the viewing height while
holding power at 1250 W, neb. pressure at 30 pst and argon flow at 15
liters/min. A viewing height of 13 mm gave the best (lowest) BEC and was
chosen as the optimum viewing height on this basis. Figures 258 1-2
show the result of varying the power of the torch while holding the
viewing height at 13 mm. 1000 W was chosen as optimum torch power.
Figures 25 C 1-2 show the results of varying neb. pressure. View
ht = 13 mm, power = 1000 W. 28 psi gave the lowest BEC. Figures 25 1-2
show the result of varying argon flow. 17 liters/min was chosen as
optimum. Figures 25 D 1 and 3 show a test run with the final parameters
of:

View height = 13 mm
Power = 1000 W

Neb pressure = 28 psi
Argon flow = 17 1l/min.

Good torch stability and excellent BEC (.022 ppm avr) were obtained. The
manufacturer's guaranteed BEC for Mn is .05 ppm. Optimization has
resulted in a 2X increase in the sensitivity of the torch.

Standards were procurred from SPEX Industries that contain all 16
elements of interest (Al, Ca, Cr, Cu, Fe, Na, Pb, Mg, Zn, Ni, Pd, Sn, K,
P, S, Au) in a single matrix. This will permit the multi-element
analysis to be run on the ICP-5000 using one standardization without the
necessity of correcting for the comtamination resulting from compiling a
mixed element matrix from single-element standards.

During the development of the ICP 5000 torch, it did not prove
feasible to analyze 15 distinct elemental species by one software file.
Accumulating evidence and a consultation with the vendor's leading
appliations chemist indicated it would be more profitable in terms of
error reduction to switch to three separate analyte files, each
accommodating five (5) elemental species. After the decision had been
made to switch to three separate files, an error analysis was conducted
to determine realistic torch lower 1imits. To keep total analysis time
at a minimum and to promote torch stability, the three 5 element files
were grouped in order of increasing analyte wavelength. To generate the
error analysis, concentration levels of 5,000; 1,000; 200, and 50
parts-per-billion (ppb), or expressed in parts-per-million (ppm), 5.000;
1.000; 0.200; and 0.050, for each analyte element were run in
quadruplicate-- two (2) times as a single file of 15 elements and two (2)
times as three files of 5 elements. The results were hard-copy printed
by the comtaminant profiling (C/P) system's printer and shown in
Figures 26A, 26B, and 26C. In the figures, the phrase "single run"
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POWER = 900
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FIGURE 258. 2.
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REOKREKKEEKRTRRXKXKX BEC CALCULATIONS RXKKKKERKERXKKERKAKK

NEB = 20 (POMER = 1000 VIEW HT = 13 AR = 135)

HBACKGROUND READING = 47 .
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FIGURE 25C. 2.
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BACKGROUND READING = 24,
ANALYTE READING = 1109,
BEC = 0,02212
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ATEXX

SINGLE
SINGLE
METHOD
METHOD

3K X

SINGLE
SINGLE
METHOD
METHOD

XENKX

SINGLE

METHOD
METHOD

AXENN

SINGLE
SINGLE
METHOD
METHOD

XIXKXK

SINGLE
SINGLE
METHOD
METHOD

IR KX

S5INGLE
SINGLE
METHOD

[N SO EPRGEI TGN VLA W S

ENRUR RNML 104D

SN EXLXKKEKAK SN KRKKEERXAK SN XRXKK
5000 200 50
RUN 1 4.86 2 2.6 % 5.5 %  -104 %
RUN 2 5.38 2 3.9 % 16 % -8 %
RUN 1 9.1 % 21.6 X 68.5 % 62 %
KUN 2 5% 11,62 0% 4%
CR KXXLKRXEAK CR KXEKKKRAKK CR KHEX
5000 1000 200
RUN 1 2.9 % 4 -5 % -28 7
RUN 2 4.28 % 4.5 % 42 -12 %
RUN 1 9.24 2 11.3 % 10 % 6%
RUN 2 3.1 % 8.9 % 6 % 18 %
s1 AXKLRRXRKA sI sk (SI) xorkx
E 4 ~ [ A
5000 1000 200 50 ~3ooa
RUN 1 5S.34 2 -13.7 X -81 % -678 ¥
RUN 1 5.78 ¥ 64,3 % 269 % 880 7%
RUN 2 -4.66 % 70,1 % 222 % 880 %
N EAXEXRRKAK N AXEXKIKXKK ZN KKXRX
5000 1000 200
RUN 1 07 7- v1 Z ‘4 Z "2‘ Z
RUN 2 .72 % 5 % -5,5 % 24 %
RUN 1 3.52 % 5.9 % 32 -4 2
RUR 2 1.46 X 4 % 2z -8 2
PR XAKLKEXRAK PH AXXKLKIRKK FE XRXAK
5000 200 50
RUN 1 -.16 % 8.5 % 14 % 208 %
RUN 2 -100 2 -100 £  -100 %  -100 %
RUN 1 5.38 % -7.9%1 -94 % -270
RUN 2 4.16 % -3.3 %  -32.5 % -222 %
cu TXKXKREXKR cu LEXERXRAK S::> KERK
5000 1000 200 50
~ (0O
RUN 1 .92 % -1.5% -13,5% 0%
RUN 2 -1,08 2 .7 % 0 x 8 2
RUN 1 .94 2 1.5 % 7.5 % 14 %
95 FIGURE 26A.
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»
METHOD RUN 2 1,16 % 1.9 % 13.5 % 42 2
AEOKR NI AR XK KK NI KHKKRXN HHK N1 YT B
5000 1000 200 »
SINGLE RUN 1 1.3 % 2.6 % 4.5 % -2
SINGLE RUN 2 1.08 % 3.4 % 6 % 10
METHOD RUN 1 3.14 % 8.4 % 47 24 %
METHOD RUN 2 .58 % 3.6 % 13 % s %
[
FHOKK AU KXEEXHKKKK AU HRERRIKRAK N 442
I 2 c .0 Q
5000 1000 00 50 \\\\\\‘/
SINGLE RUN 1 1.82 % 4.9 % -4.5 % -46 %
SINGLE RUN 2 -100 % -100 % -100 % -100 %
METHOD RUN 1 2,58 % 3.4 % 8 % 26 % :
METHOD RUN 2 -.28 % -1 % -6.5 % -36 % »
KKK FE FRKKHAKAKKK FE ERKKAKKKKK FE XXX K
5000 1000 200 50
SINGLE RUN 1 5.4 % 6.5 % 11 % 18 % »
SINGLE RUN 2 -.2 % 1.1 % 4.5 % 22 %
METHOD RUN 1 4.58 % 72 11,5 % 32 %
METHOD RUN 2 .1 % 2.9 2 -1 % -4 %
AKX MG2 KXAOCRRKK KK MG2 FRRKRAAKKK MG2 FARKX ;
5000 1000 200 50 / ’
SINGLE RUN 1 2.02 % 2.6 % -3 % b %
SINGLE RUN 2 -.14 % 2.4 % -3.5 % -10 %
METHOD RUN 1 6.78 % 9.1 % 7 X 14 %
METHUD RUN 2 3,38 X 5.3 % 4% 10 %
»
XRHK K PI KHXXKKKAKK PO EXRRKKAKKK PII EXKK
5000 1000 20 50
SINGLE RUN 1 -3.28 2 -1.5 X 10 2 -56 %
SINGLE RUN 2 -.46 % -1,9 % -9 % -176 %
METHOD RUN 1 6.96 X 6.9 % 10.5 2 -72 % »
METHOD RUN 2 4.568 X 4.5 % -6 % -48 %
ERXK K ca2 KREKKKEHKK cA2 EXRKEERRRK ca2 LXKKK .
5000 1000 200 50 L
SINGLE RUN 1 -2.46 ¥ -1,5 % -3 % 8 % »
SINGLE RUN 2 -2.,2 % 1.6 % -2.5 % 8 % ‘
¢ - € Y
METHOD RUN 1 9.34 % 13.7 % 14.5 % 44 % FIGURE 268.
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kX

SINGLE
SINGLE
METHOD
METHOD

KK X

SINGLE
SINGLE
METHOD
METHOD

XKk

SINGLE
SINGLE
METHOD
METHOD

RUN
RUN
RUN
RUN

(% B N

Né&

RUN
RUN
RUN
RUN

(SR RN

RUN
RUN
RUN
RUN

PO D

- g s -

(3330233888
5000 1000
78 % 3.4 Z

~-1.66 X -7 %
13.42 % 11.7 X

3.46 % 2.1 2

1332293884
5000 1000
_r24 % 1.1 z
-4 2% -1.8 %
-3.34 X -9.3 %
2012 Z '104 7-
OOk ROk K
5000 1000
- 72 % -12.9 %
-100 X -100 %
-1.44 % -42.9 %
3.94 Z —2704 Z

7 % 22 %
AL2 $333 8844824
~-10 % -32 %
-28.5 X% -126 %
-2 % -64 %
~-21 % -114 %

NA ARERREKKAN
50
-4 X -108 %
~11 % -164 %
~5¢5 % -2 %
~-40 % -156 %

HAOKKKK K KX K
200 50

-92 % -282 %
-100 % -100 3%

-172 % -674 %
-280.5 Z -1166 %
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3.2 THE ION CHROMATOGRAPH

The second most important analytical instrument in the contaminant
profiling system is the ion chromatograph.

The ion chromatograph (IC) is the system component being used to
detect and quantify individual negative fonic species (anions).

The next four figures deal with development work on the IC.

Figure 30 illustrates the analysis of a standard anion sample using
appropriate anion columns. Note that the peaks indicating each kind of
anion are well defined and exhibit good resolution. The following anions
?ith their respective concentrations were se?aratid by the IC: fluoride
F=), 3 ppm; chloride (C1-), 4 ppm; nitrite (NO»-), 10 ppm;
pholphatgp(po43-?, 50 gpm;)ﬁromgge (Br's, 10 ppﬁ; nitragg

(NO3-), 30 ppm; and sulfate (S042-), 50 ppm. Figure 31

presents the analysis of a standard small organic anion sample using
different columns (ICE columns; ICE = Ion Chromatograph Exclusion Mode).
Again, excellent resolution is obtained for each peak. The following
small organic anions with their respective concentrations were separated
by the IC: sulfate (S042-), 10 ppm (the only nonorganic); formate
(HCO0-), 20 ppm; succinate [CHoC00-)2], 20 ppm; and acetate

(CH3C00-), 20 ppm.

Naturally, it will be necessary to run such standards each day
analyses are performed in order to calibrate the IC to run unknown
samples. Once the standards are run, then unknown samples can be. The
unknown samples will be extracts made from production PW. The
computer-integrator (C/1) attached to the IC is used to make the
jdentification and compute the concentrations of ionic species found in
the unknown sample, Basically, the C/I compares retention times of fonic
species in the unknown sample with the retention times of ionic species
in the standard. If the retention time? of an ionic species in the
unknown sample is the same as the retention time of chloride ion in the
standard, say, then the unknown sample has chloride ion in it. 1In this
way qualitative identification is made. To determine the quantitative
amount, the C/I integrates the areas under the curves for the ionic
species in the standard and compares these to the integrated areas under
the curves for ionic species in the unknown sample. Figures 32 and 33
show two successive analyses of the same flux, in this case a water-based
flux. An analysis was made only of the common anions, not small organic
acid anions. In the case of this particular flux, only fluoride (F-)
and chloride (Cl1-) ion were detected by the IC. The results are:
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jon

Phosphorus, P3 ‘\

|~

Silicon, Si
Calcium, Ca > Analytical group 2, turret #2

Sodium, Na

[e)
o |v |®

Potassium, X

—
p—

Copper, Cu

12 Zinc, In
13 Lead, Pb Analytical group 3, turret #3
14 Tin, Sn

As noted, each analytical group has corresponding to it a turret
number.

The atomic absorption operating parameters are shown in Figures
27 A, 27 B, and 27 €. Taking the first element, chromium, Cr, its
absorbance wavelength is 357.9 nm; lamp 1 is the Cr lamp operating on a
current of ZSWE}mps; 3 standards are used - 100 ppb, 25 ppb, 10 ppb; the
operation mode is AA-BC (background correction)fconcentration; the
integration time is 6 sec; low (L) s1it widths used for furnace work; 3
replicates are used to determine the mean and the coefficient of
varfation (CV) is determined.

At this point, it becomes necessary to determine the maximum analyte
level permissible for each of the above species as determined by the
achievement of a 0.6 Absorbance (ABS) signal. Due to relatively high
analytical limits for certain elements (notably Si, K, Pb, and Sn) it is
1ikely that less sensitive 1ines for these elements will allow avoidance
of gaps in their analytical range.

Figures 28 and 29 A and 29 B 1llustrate the preliminary HGA-500
(graphite furnace) settings for all analyte species.

This concludes the section on the inductively-coupled plasma
emission spectrophotometer/graphite furnace. It is now appropriate to
turn to the development of the ion chromatograph.
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TYPE INJ.

ELEMENT TUBE VOL. STEE TEMP RAMP HOLD GAS REC. READ
Ni pyro 20 1 110 10 10
(AR-BG)| coated 2 250 10 5
3 1000 10 5
4 2300 o 5 S0 -10 X
S 20 1 5 X
Au pyro 20~ 1 110 10 10 (if »20ul injection volume used,
(AA-BG)| coated 100 2 250 10 5 add 10 sec to steps 1-3.)
(greater 3 600 10 10
volume for 4 1600 0 S 0 =10 X
sensitivity 5 2600 1 5 X
Fe pyro 20 1 110 10 10
(AA-BG) | coated 2 250 10 5
3 1200 10 10
4 2000 0 5 50 -10 X
5 20 1 5 X
Mg pyro 20 1 110 10 10
(AA-BG) | coated 2 250 10 5
3 1000 10 10
4 2400 1 5 50 -10 X
5 20 1 5 X
Pad Should be determined on the ICP/5000
Ca standard 20 1 110 10 10
(AA-BG) 2 250 10 S
3 1200 10 5
4 2600 1 5 50 -10 X
5 20 1 5 X
Al pyro 20 1 110 10 10
(AA-BG) | coated 2 250 10 5
3 1500 10 5
4 2400 o] 5 S0 -10 X
5 20 1 5 X
Na standard 20 1 110 10 10
(AA-BG) severe 2 250 10 5
environmental 3 900 10 5
contamination 4 2600 1 5 50 -10 X
5 20 1 5 X
K standard 20 1 110 10 10 B
(AA-BG) 2 250 10 5 )
3 950 10 S <
) 2600 1 5 50 -10 X )
5 20 1 5 X

4
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TYPE ul
ELEMENT TUBE INJECTION VOLJ STEH TEMP RAMP HOLD GAS REC. READ
Sn standard 20 1 110 10 10
{(AA-BG) 2 250 10 5
3 500 5 S
4 2500 1 5 50 -10 X
5 20 1 S X
Cr pyro 20 1 110 10 10
(AA-BG) coated 2 250 10 5
3 1200 10 5
4 2300 0 5 0 -10 X
S 20 1 5 X
Si standard 20 1 110 10 10
(AA~BG) 2 250 10 5
3 1400 10 ]
4 2700 6] 5 50 -10 X
5 20 1 5 X
Zn standard 20 1 110 10 10
(AA-BG) severe 2 250 10 5
environmental 3 400 B 5
contamination 4 2200 1 5 50 =10 X
5 20 1 5 X
Pb standard 20 1 110 10 10
(AA-BG) 2 250 10 S
EDL 3 500 ] S
4 2300 1 5 2-300 -10 X
S 20 1 5 X
P standard 20 1 110 10 10
(AA-BG) -ADD 2 250 10 S
EDL EQUAL VOL 3 | 1400 10 5
°F .1% 4 | 2700 0 5 50 -10 X
La as S 20 1 5 X
La(NO3) 5 R
K
Cu standard 20 1 110 10 10 1
(AA~BG) 2 250 10 5
3 900 10 5 :
4 | 2600 1 5 50 -10 X - - 1
| 5 20 1 5 X S
FPGORE 29A. Preliminary Graphite Furnace Settings - 4
for Analyte Species (continued) o
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SET
ELEMENT PYRO COATED TUBE ATOMIZE TEMP RAMP PHOTOD1ODE AND
ATOMIZE TEMP
Cr (Specify Ringsdorf 2300 0 2400
Ni tubes) 2300 0 2400 ANALYTICAL
Au 1600 0 2400 GR?UP
Fe 2000 0 2400 5001 set with
al 2400 0 2400 6 sec inteararyc-
d/ time, peak hei -
Mg 2400 1 ——— or peak area
P Standard tube 2700 1 2700
si j 2700 0 2700 ANALYTICAL
1 P
ca | 2600 1 — GROUE
Na ! 2600 1 ——— 500C set witl.
| 6 sec t, peax
) -
K \b 2600 ° height or peak
Cu 2600 1 ———— area
Zn Standard tube 2200 1 -_——
] ANALYTICAL
Pb 2360 1 GROUP
Sn 2500 1 ——— 3
5000 set with
6 sec t, peak
; height or peak
i area
v !
!
MULTI-ELEMENT ANALYSIS
1

FIGURE 28. Preliminary Graphite Furnace - 1
Settings for Analyte Species .
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ANALYTICAL GROUP 3; TURRET #3

PARAMETERS

12:07 81/06/10

ZN IN PROGRAM MEMORY 31
WAVELENGTH 213.9 LAMP 1 CURRENT © INT TIME 6
STATS CV AVERAGE 3 MODE AA-BGyCONC SIGNAL PEAK HT
STh 1 100 STD 2 25 STD 3 10 SLIT 0.70 L

PB IN PROGRAM MEMORY #2
WAVELENGTH 217 LANP 2 CURRENT © INT TIME 6
STATS CV AVERAGE 3 MODE AA-BG,CONC SIGNAL PEAK HT
ST 1 1000 sTh 2 200 STh 3 50 SLIT 0.70 L

SN IN PROGRAM MEMORY 33
WAVELENGTH 224.6 LAMP 3 CURRENT O INT TIME 6
STATS CV AVERAGE 3 MODE AA-BGsCONC SIGNAL PEAK HT
STh 1 1000 s§Th 2 200 ST 3 50 SLIY 0.70 L

FIGURE 27C. Analytical Group 3,
Turret #3
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ANALYTICAL GROUP 2; TURRET #2

PARAMETERS

12:07 81/06/10

P IN PROGRAM MEMORY $1
WAVELENGTH 213.6 LAMP 1 CURRENT O INT TIME 6
STATS CV AVERAGE 3 MODE AA-BGyCONC SIGNAL PEAK HT
STh 1 1000 STh 2 250 STL 3 100 SLIT 0.20 L

SI IN PROGRAM MEMORY #2

WAVELENGTH 251.6 LAMNP 2 CURRENT 40 INT TIME 6
STATS CV AVERAGE 3 MODE AA-BGsCONC SIGNAL PEAK HT
ST 1 2000 STD 2 500 STD 3 250 SLIT 0.20 L

CA IN PROGRAM MEMORY #3

WAVELENGTH 422.7 LAWFP 3 CURRENT 10 INT TIME &6 o
STATS CV AVERAGE 3 MODE AA-BG»CONC SIGNAL PEAK HT T
ST 1 100 STD 2 2% ST 3 10 SLIT 0.70 L -

NA IN PROGRAM MEMORY #4

WAVELENGTH S89 LANP 4 CURRENT 8 INT TIME &
STATS CV AVERAGE 3 MODE AA-BGsCONC SIGNAL PEAK HT
STh 1 100 STh 2 25 STD 3 10 SLIT 0.40 L

K IN PROGRAM MEMORY #3

WAVELENGTH 766.5 LAMP 5 CURRENT ¢ INT TIME &
STATS CV AVERAGE 3 MODE AA-BG+CONC SIGNAL PEAK HT
STh 1 1000 STh 2 200 STD 3 S0 SLIT 0.70 L

CU IN PROGRAM MEMORY #6

WAVELENGTH 324.7 LAMF 6 CURRENT 15 INT TIME 6
STATS AV AVERAGE 3 MODE AA-BG,CONC SIGNAL PEAK HT
ST 1 100 ST 2 25 STD 3 10 SLIT 0.70 L

FIGURE 27B. Analytical Group 2,
Turret #2
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ANALYTICAL GROMP 1; TURRET #1

PARAMETERS

12007 81706710

CR IN PROGRAM MEMORY #1

WAVELENGTH 357.9 LAMP 1 CURRENT 25 INT TIME 6
STATS CV AVERAGE 3 MODE AA-BGsCONC SIGNAL PEAK HT
ST 1 100 STh 2 25 ST 3 10 SLIT 0.70 L

NI IN PROGRAM MEMORY #2
WAVELENGTH 232 LAMP 2 CURRENT 25 INT TIME 6
STATS CV AVERAGE 3 MODE AA~BGsCONC SIGNAL PEAK HT
ST 1 100 STD 2 25 STh 3 10 SLIT 0.20 L

AU IN PROGRAM MEMORY #3
WAVELENGTH 242.8 LAMP 3 CURRENT 10 INT TIME 6
STATS CV AVERAGE 3 MODE AA~BG,CONC SIGNAL PEAK HT
ST 1 100 STh 2 25 §TD 3 10 SLIT 0.70 L

FE IN PROGRAM MEMORY %4
WAVELENGTH 248.3 LAMNP 4 CURRENT 30 INT TIME 6
STATS CV AVERAGE 3 MODE AA-BG»CONC SIGNAL PEAK HT
STr 1 100 STb 2 25 STD 3 SLIT 0.20 L

AL IN PROGRAM MEMORY #5
WAVELENGTH 309.3 LANP 5 CURRENT 0O INT TIME 6
STATS CV AVERAGE 3 MODE AA-BGsCONC SIGNAL PEAK HT
ST 1 100 STh 2 25 STh 3 10 SLIT 0.70 L

.
OrY

FIGURE 27A. Analytical Group 1,
Turret #1 o
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Condition 1 - Analyte concentration gap between torch and furnace.

FLL < Concentration (1) of analyte species; < FUL <
Concentration (2) of analyte speciesy <TLL <
Concentration (3) of analyte species;.

That is, since concentration (2) falls somewhere between the furnace
upper 1imit (FUL) for that species and the torch lower limit (TLL),
concentration (2) would be undetectable by either furnace or torch.
Steps are being taken to avoid this situation. What we want to achieve
is this:

Condition 2 - No analyte concentration gap between torch and furnace.

FLL < Concentration (1) of analyte speciesy < FUL
= TLL < Concentration (2) of analyte species;

The use of the symbol == indicates there is no concentration range lying
between the FUL and the TLL, hence, no gap.

As a departure point for the development, the principal spectral
lines for each analyte species have been chosen per the HGA-500 (graphite
furnace) Methods Development Manual. Also it must be remembered that the
graphite furnace method utilizes atomic absorption as opposed to the
torch which is atomic emission. This was the principal reason for
choosing the ICP-5000, it combined the analytical capabilities of both
atomic emission and atomic absorption. The real contaminant profiling
(C/P) system lower 1imits are the furnace lower limits (FLLs). The FLLs
are expected to be about 1 part-per-billion (1 ppb) for most of the
analyte elements.

The fact that we are using atomic absorption techniques for the
furnace dictates that a 1ight source (analyte lamp) having as its cathode
the analyte element in question must be used for each separate analyte
element to be detected by use of the graphite furnace. These lamps must
be loaded into a lamp turret (maximum no. of lamps per turret = 6). It
ts assumed that we will be operating in the non-linear portion of the
absorbance curve for most elements. Therefore, a multilevel calibration
with non-linear curve fitting has been chosen. This requires that
several analyte standards be run for each element. The analyte species
that will be detected by the graphite furnace are:

|

Chromium, Cr

LY

Nickel, Ni

|w

Gold, Au p.  Analytical group 1, turret #1

Iron, Fe

o &

Aluminum, Al
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Regarding the type of line, symbols I and A, ion lines (I) are the
better of the two. lon lines are less sensitive to torch conditions;
therefore, elements determined using one of their ion lines are less
likely to exhibit significant analysis error. To achieve ion Tine
analyses, low gas flows, low nebulizer pressures, and high torch viewing
heights are necessary. The latter three conditions result in longer
residence times of the sample's elemental species in the torch flame, and
longer residence times are more 1ikely to give rise to the formation of
analyte ions. In short, it {s easier to optimize the torch running
conditions using ion 1ines. However, for some elements, such as gold,
palladium, sodium, etc., atom lines must be used since either there are
no ion Tines available for such elements within the ICP 5000's wavelength
range capacity (175 to 900 nm) or the fon lines, if they exist, are of
too Tow sensitivity for the 5000. 1In either case, one of the analyte's
atom lines must be used.

Regarding the TLLs, 1t must be kept in mind that these do not
represent the C/P system's lower 1imits for such analyte species.
Rather, the TLLs serve merely to mark the necessary switch from torch
analysis mode to graphite furnace analysis mode. That is, if a given
analyte element's concentration in a PW extract is less than its TLL, the
MINC will prompt the analyst that further analysis will be required on
the ICP 5000 graphite furnace, which has the capability of detecting
concentrations of elements less than the TLLs. For example, suppose
during a torch analysis the concentration of copper, Cu, is below 75 ppb
(0.075 ppm). This information would be communicated to the MINC which
would then call the graphite furnace routing (FURNCE) for analysis of
copper. Thus, the graphite furnace lower 1imits (FLLs) rather than the
torch lower limits (TLLs) represent the C/P system's real lower limits.
The FLLs are about 1 ppb for most of the analyte elements.

As suggested before, a suitable data base of PW contaminants ought
to be established. This data base would relate specific contaminant
species and their amounts in PW extracts to PW manufacturing processes
and to PW faflures, both in the test mode and the field service mode.
Building such a data base will allow C/P to be used as an improved
statistical control tool and enable the PW industry to proceed in
confidence (statistically speaking) to manufacture PWAs with increased
component densities and decreased line widths/1ine spacings. Such PWAs
will be mandatory for high reliability military/aerospace advanced
missile systems.

The analytical 1imits for the ICP torch have been established.

These are the torch lower 1imits (TLLs). Methods had to be developed for
the graphite furna_ce that will permit a continuous range of instrumental
analytical capability of all analyte levels. That is, the furnace upper
Timits (FULs) should be as coterminous as possible with the TLLs for each
analyte species; otherwise, a concentration gap would exist in which the
analyte element(s) fn question would be undetectable by either torch or
furnace. This can perhaps more readily be illustrated 1ike this:
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Table 12
Torch Lower Wavelength Type
2 Limit (TLL), (w) of 1
Element in ppb in nm Line
(1) Tin, Sn 1000 189.99 1
Li (2) Chromium, Cr 50 205.55 I
) File 1 (3) Silicon, Si 3000 212,41 A
k (4) Zinc, Zn 50 213.86 A
(5) Lead, Pb 1000 220.35 I
(6) Copper, Cu 75 224.70 I
(7) Nickel, Ni 50 231.60 I
File 2 (8) Gold, Au 100 242.80 A
(9) Iron, Fe 50 259.94 1
(10) Magnesium, Mg 50 279.55 I
(11) palladium, Pd 200 340.46 A
(12) Calcium, Ca 50 393.37 I
File 3 (13) Aluminum, Al 200 396.15 A
(14) Sodium, Na 200 589,59 A
(15) Potassium, K 1000 766.50 A
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refers to a single file run of 15 elements and the phrase “method run" to
one of the three files of 5 elements. Actually, the results in the error
analysis are averages, i.e., arithmetic means. Three separate readings
in each case were averaged. Consider the case of tin, Sn, the first
element presented in Figure 24A. At 5000 ppb for single run 1, the error
of 4.86% is in reality the arithmetic mean of three (3) separate
readings. Hence, in point of fact for each numerical error datum there
were three (3) readings per element per concentration per file. The
results of each analysis were automatically compared by the C/P system's
MINC minicomputer to the known concentration. The MINC then computed the
error percents (3) for each analysis, computed the arithmetic mean for
each analysis, and printed the results in hard-copy form utilizing the
C/P system's on-line printer. The torch lower limits (TLLs) are
presented in Table 12 below in order of ascending analyte wavelength.
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INJECT TIME 12 13:18:46

3. 96
16. 44
16, 4917, ODEFG
ANIONS 12 12:18:46
FILE 1 METHOD S. RUN 2 INDEX 2 CALIE
ANALYST: D. HILLVER
NANE CONC Y PT AREA BC FF
1 2. 82 L2%ev: @1
2 0. §.05 5T86% 92 .
F 2se. 8.06 3473262 92 138°3.048 .
L 500. 10. 44 6984416 03 135968, 832 -
s 0. 16. 49 5038 21 -3
. ) 1
TOTALS 750, L6TO66TT » 1
-
MEN FILE: e
NANE RF pT Ll
F 14263, 598 8. 0% R
cL 14527, 552 10. 42 N8 L .
FIGURE 38. Analysis of a Standard of C1° and F~ on the lon :
Chromatograph 1




INJECT TIME 12 1Z:46:14

b
2. 05
3. 08
18, 52
14,82
17, 0BERS
ANIONS 12 LIzd45:14
FILE 1 METHOD . RUM 3 INDEX 1
ANALYST: D.HILLYER S
SAMPLE L KESTER RMA S
SA 1s AF '
L, 0. @, S
NANE couc**’ RT ARER BC FF
1 a. .52 122334 o1 N
2 0. €.05 110121 a2
F i15.728 8.08 3877059 @2 14255.598 .
cL ce8.4%8 18,52 T-86704 @3 14527.652 R
'S 2. 14,82 54002 21 S
TOTALS 724,196 10760220 e
FIGURE 39. Analysis of a Flux Sample on the lon Cnhromatograph, #1 119 L
- -




s At B B s e Ae ey e S T P —— - ) g Pt A g T %

INJECT TIME 12 14:295:15

ANIONS 12 14:29:15
FILE 1 HETHOD S. FUN 4 IMDEX 1

'nm.vsr: D. HILLVER

SAMFLE 2 KESTER RMA

SA 1< “F

L. S, Q.
CRNE conek et RREA BC RF ]
- . 2. 44 1308482 92 ‘i
= 223, 441 7.59 4756062 02 14262.5%8B o
D 534,29 10,76 TP?2152 92 14%527.852 'd
4 a. 14,22 264370 23 o
TOTALS 868. 431 14833067 :
B
FIGURE 40. Analysis of a Flux Sample on the Ion Chromatograph, #2
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Standard Anion Sample Using Water as Solvent

on the Ion Chromatograph

FIGURE 41V,
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Analysis 1 Analysis 2

Concentration of F- 21.372 ppt 21.413 ppt
Concentration of Cl- 14.621 ppt 14.918 ppt

where ppt = parts-per-thousand. Note the excellent reproducibility.
Also note the high quantities of F- and Cl1-. The strongly reinforces
the point that such fluxes are extremely corrosive.

The next four figures, Figures 34-37, illustrate some of the work
performed on the IC in the ongoing attempt to characterize RMA fluxes.
As remarked previously, a great deal of developmental work must be done
to satisfactorily characterize rosin-base fluxes. Figure 34 shows a
chromatogram of a typical RMA flux run on the IC using 50% H»0/50% IPA.
The flux was run through the standard anion columns. Recall that such
columns are to be used to detect such species as; fluoride (F-),
chloride (C1-), nitrite (NO2-), phosphate (P0ﬁ3')- bromide
(Br-), nitrate (NO3-), and sulfate (S042-). Note that the
flux is chiefly characterized by two peaks, one at 3.50 minutes and a
second at 4.81 minutes.

Figure 35 is the same flux sample as in Figure 34, except that the
sample was spiked with 10 ppm C1-. As can easily be discerned by the
figure, the second peak is considerably larger indicating that the
component of the flux represented by the second peak is Cl-. Figure 36
is the same flux sample as in Figure 34, except that the sample was
spiked with 20 ppm F-. Now the first peak seen in Figure 34 is
considerably larger, indicating that F- is a component of the flux
represented by the first peak.

Figure 37 shows the same flux run through the ICE columns to detect
small organic acids, etc. Note that three peaks appear although they are
relatively poorly defined. Their identity as yet is not known.

On the IC one of the major developmental procedures was to attempt
to condition the chromatographic columns to isopropyl alcohol (IPA). The
columns used with the Dionex IC are normally run with water only as the
solvent. 50% IPA/50% Hy0 was tried as a solvent to run flux samples.

The columns had to be conditifoned to IPA gradually or the column resins
would have swelled. Then the pressure would have become too great to run
the samples.
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By using a concentrator column, it is possible to carry analyses of
samples on the IC into the parts-per-billion (ppb) range. Figure 38
represents the analysis of a standard with a known concentration of
fluoride (F-) jon and chloride (C1-) ion. The standard contained 250
ppb F~ and 500 ppb C1-; it was prepared using 50% IPA/50% H20 as
the solvent. The standard was used to calibrate the SP 4100 Computing
Integrator. A sample of an RMA flux was then run. The flux sample was
prepared by diluting 1 ml (milliliter) of flux to 1000 ml in 50% IPA/50%
H20. Figures 39 and 40 represent two successive analyses of the same
flux sampte. Note the data following each chromatogram under the column
headed "CONC". It is seen that the F- concentration in the two runs is
333 ppb and 215 ppb. The large variation in the F- concentration for
the same sample confirms the fact that the concentration column cannot be
used to quantify the amount of F-. The F- ion, unlike other anions,
is not retained on the anion separator columns; therefore, during the
concentration column loading process much of the F- is flushed out as
waste. This suggests it will not prove feasible to quantify F-
concentrations <1-4 ppm. However, it will still be feasible to detect F
in the ppb range qualitatively. The chloride, Cl-, concentrations for
the two runs are 508 ppb and 534 ppb, which agree within 4.7%.

As pointed out, the chromatographic columns of the ion chromatograph
(IC) had to be conditioned to isopropyl alcohol (IPA). The columns used
with the IC are normally run with water only as solvent. A solvent
mixture composed of 50% IPA/50% Ho0 was intended to be used for samples
having rosin flux.

Figure 41 represents a chromatogram obtained when a standard anion
sample is run on the IC using water as the solvent for both the sample
run and the eluent. The sample contained seven components - fluoride
(F-), chloride (C1-), nitrite (NO2-), phosphate (P043-),
bromide (Br-), nitrate (NO3), and sulfate (S042-). The amount
of each component in the sample was: E~, 3 ppm; Cl-, 4 ppm; NO7,

10 ppm; P043-» 50 ppm; Br=, 10 ppm; NO3, 30 ppm; S042- ,

50 ppm. It can be seen from the chromatogram that each component has a
corresponding peak which is well defined and that the concentrations
reported agree closely with the actual concentrations. The chromatogram
exhibits good baseline resolution. The time necessary to complete the
run was 30 minutes.

Figure 42 represents a similar standard anion sample. The major
di fference between this and the sample used for Figure 41 is that
P043- was left out and the solvent used was 50% IPA/50% Hp0. It
can be seen that the first two peaks representing F- and Cl1- are much
smaller and less well defined than is seen in Figure 41. Judging from
the size of the third peak and the fact that it shows a shoulder peak on
the right, it is thought this peak represents NO>-, Br- and
NO3~-, all eluting at apgroximate?y the same time. The last peak,
that of $042-, 1S much broader and less well defined than that
seen in Figure 41, The reason why peaks are less well defined in 50%
IPA/50% H20 is because IPA represses fonization of the sample
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components. The run time necessary for this sample was 55 minutes. This
increased run time is because the flow rate must be reduced since IPA
increases the back pressure. Column breakage may occur if the flow rate
is not adjusted properly.

From the information supplied by the two chromatograms, it is
evident that there are many disadvantages using 50% IPA/50% H20 as the
solvent for the IC. Chief among these are:

(L

smaller, less well defined peaks on the chromatogram

2 poor separation of components into distinct peaks (NO2-,
Br-, NO3-)

longer run time.

|w

Using 50% IPA/50% Ho0 as solvent, it will probably not be possible
to carry analyses of samples on the IC into the parts-per-billion (ppb)
range. This is truly unfortunate. To get away from using IPA in the
solvent, i.e., using pure water as solvent, is one of the principal
reasons using a water soluble flux is highly recommended. One is
definitely not going to obtain as good results using 50% IPA/50% Hy0 as
one would using pure water.

The use of 50% isopropyl alcohol (IPA)/50% water as a solvent system
for cleaning PW samples having rosin flux on them was mentioned. There
are, however, attendant problems of a serious nature using IPA as was
pointed out.

Further, a solvent system of 50% IPA/50% H20 proved unsuitable as the
solvent matrix for the metallic and quasimetallic species that must be
aspirated through the nebulizer of the ICP 500C torch in order that the
species' spectral properties can manifest themselves. Serious torch
jnstabilities ocurred causing the torch to extinguish suddenly. Because
of these attendant difficulties, an alternative method was to solubilize
any remaining rosin flux on the PWA at hand.

Two approaches seemed viable. Rosin, of course, is a complex
mixture of organic acids, the principal constituent of which is abietic
acid, having the following structural formula:
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Turning back to the system hardware, Figure 46 illustrates the
present hardwareconfiguration of the C/P system. It also depicts the
extent of total system integration, a phrase signifying the extent to
which system control is effected through the system's minicomputer
(MINC-11)., At present the C/P system is not fully integrated system
(nor will it be by contract's end) due to certain hardware features
beyond the control of the project personnel. It must be kept firmly in
mind, however, that this in no way detracts from the C/P system's chief
function, viz., to operate as an effective system for profiling different
contaminant species found on PW surfaces. Further, total integration is
not required for implementation or etticient system operation. The fact
that it is not fully integrated (not 100%) merely means the
anslyst/operator will have to pay more attention to some of the
operating details in order to avoid errors. For example, to use the
ICP-5000 Grahpite Furnace, the operator will have to manually insert a
magnetic card into the Graphite Furnace Control unit and he (or she) will
have to manually enter certain items for the sampling procedure via the
keyboard on the AS-40 Autosampler Control unit. However, the MINC-11
will prompt the operator to perform these items by prompting him on the
MINC VDU (CRT).

In view of the above, one might legitimately ask why were the above
particular pieces of hardware chosen as systems components for the C/P
system. There are two reasons:

1 The hardware perforhs the job intended, i.e., the analytical
equipment allows detection of individual contaminant species.

2 The hardware chosen is the only hardware on the market that will
allow for individual contaminant species detection in an extract
solution.

The fact that the C/P system cannot be fully integrated at this point
merely illustrates the unfortunate situation among aralytical
instrumentation vendors. They are not at present properly designing
their equipment for integration with a host computer. They must
recognize, and soon, that the trend today is for computer system
integration and control and the construction of a data base for the
computer system. In all fairness to the vendor of the ICP-5000, his
system does go far in achieving this goa. Full integration, however,
implies that the MINC-11 would exercise all or practically all (>97%)
control functions and execute all error functions. At contract's end,
75% will be under minicomputer control, It is appropriate to discuss
those hardware features that at present negate total system integration.

PN

The ICP-5000 is itself deficient as a self-contained system in its
own right, and its deficiencies prevent it from functioning optimally as
a key unit in a fully computerized system using a host computer,
notwithstanding the vendor's claims to the contrary. Its deficiencies
center on several particular points. They are:
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FURNCE instructs the ICP-500C via its Data Statior of the 5000 operating
parameters for execution on the ICP-5000/furnace. The specific furnace
parameters for any given element, e.g., furnace ashing and atomization
times, must be fed into the HGA-500 furnace control via magretic cards.
FURNCE instructs the 5000 of all necessary spectrophotometric parameters
for a given element on the furnace, e.g., the wavelength at which the
element absorbs (the furnace operates in the atomic absorption mode), its
elemental slit width, etc. FURNCE must also access HEAR, for it too must
"listen" for any data feedback from the ICP-5000/furnace. After the
FURNCE routine is through, all necessary data have been generated from a
particular run. Since the IC is much slower than the ICP-5000/torch and
furnace combined, ION is represented in the time sequence as extending
from the time when INSTRU is initially called up by ICPEX to the time
that FURNCE is completed. Since INSTRU is wiped out by DECIDE and DECIDE
by FURNCE, both DECIDE and FURNCE each repectively in its turn must also
call forth ION.

After all data have been collected, REPORT performs further
manipulations on them (statistical treatment) and generates a final
hard-copy print-out report,

It is strongly recommended that as contamination profiling proceeds
on PWAs, a data based be constructed for future comparisons and further
statistical treatment of the data. In this fashion, meaningful cutoff
limits for each contaminant species can be established given the relevant
PW design andsprocess parameters, e.g., line widths/line spacings,
circuitry density, plating and etching processes required, flux used,
etc. In this way PW contaminant profiling can be founded on a firm
scientific basis through the use of computer control, the proper
analytical instrumentation, and an ever-broadening data base.

Regarding system hardware integration, work has been accomplished
getting the IC/SP4100 computing integrator on :ine with the MINC-11
minicomputer. Recently the SP4100 was successfully interfaced with the
MINC. To effect this, one of the MINC RS232 ports had to be manually
converted to a 20 mA current loop. It was also found that the SP4100
must be run in the manual mode rather than the automatic since the IC, as
is true of most other chromatographs, is subject to long range drift,
i.e., a steady upward draft of the baseline. The SP4100 in automatic
mode interprets this drift as a distinct chromatographic peak, which in
reality it is not, and integrates it.

Regarding software development, the systems subroutines required to
make use of the three MINC laboratory modules-- 1) digital-in mode, 2)
digital-out mode, and 3) real-time clock--have been generated and stored
in the total system library via floppy disk. These laboratory module
subroutines enable the MINC to communicate with the IC. In particular,
the routine ION in the MINC's main memory will call the lab module
subroutines off disk as required, to talk to the IC.
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the CRT screen, e.g., how wide or how narrow the characters are to be, -
the physical spacing of alphanumeric data on the screen, etc. HEAR is

the routine to indicate to the MINC whether its hardware devices (the

system hardware-- the ICP-5000/torch-furnace, IC) are sending data to the

MINC. FPRINT refers to File Print and signifies the routine required to

print out on the line printer all constant parameters of the system while S
in operation, e.g., wavelength settings, furnace operating parameters, -
tank extraction time, etc.

Going now to Segment 1 (intermediate addresses in memory), there is
first SETUP. This is the first routine called into main memory by ICPEX.
SETUP creates the CRT screen format and information (as opposed to the
screen's physical qualities--CURSOR) to instruct its human operator what
necessary steps must be initiated to start contamination profiling on an
actual hardware printed wiring assembly (PWA). After SETUP has been
executed, ICPEX calls up EXTRCT, which defines the necessary steps
required to make a physical extraction in the extraction tank/pumping
unit. Once the extraction phase has been completed, i.e., a physical
extract has been made from the sample PWA, ICPEX calls up INSTRU. Of
course, each time ICPEX calls up a routine into Segment 1, it wipes out
the previously held routine. That is, INSTRU wipes out EXTRCT as EXTRCT
wiped out SETUP and as DEFINE will wipe out INSTRU. No harm is done
though as all the Segment 1 routines are kept in secondary storage on
disk. INSTRU activates the ICP-5000/torch via the ICP Data Station.
INSTRU defines the necessary operations needed to process sample extracts S
through the ICP-5000/torch. It sets all parameters and gives Rt
instructions to the torch through the Data Station.- In the meanwhile, )
INSTRU also calls forth ION, the routine to initiate and define the
various operations of the IC. Both INSTRU and ION must be linked to
HEAR, i.e., they must both be “1istening" whether their respective
hardware units are producing data and attempting to send them to the
MINC. As data are being generated by the torch, INSTRU must manipulate
them appropriately and store them. The same is true of ION regarding
data emanating from the IC. As data are generated by the IC, ION must
manipulate them and store them,

As the sample is being physically treated by the ICP-5000, it is
anticipated that the torch (emission spectrophotometer) will not suffice
to perform the entire analysis for the sixteen analyte elements. No
doubt some of the analyte concentrations will be too low to be detected
by the torch., After the torch has passed its data to the MINC, DECIDE
must be called up by ICPEX. DECIDE examines all data derived from
INSTRU. Limits of concentration will have been previously set. If the
concentration of a particular analyte species is at or below the
acceptable torch detection limits, DECIDE will file the element's name
and designate that the sample extract is to be run on the furnace for
that particular element. After DECIDE has examined all data and
"decided" which elements are to be analyzed for on the ICP-5000/furnace,
ICPEX calls up FURNCE. FURNCE {s the routine for the graphite furnace.
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In addition to the effort required to patch together the RT-1l--the
specific RT-11 system for the C/P MINC had to be iiterally built up, or
patched, from selecting different prepackaged portions provided by
DEC--in addition to this, a great deal of effort has been expended on the
writing of the C/P software operating system (as opposed to the MINC's
indigenous operating system, the RT-11). The C/P operating system is
being written in the FORTRAN programming language and will allow the MINC
to operate and monitor the C/P hardware modules (ICP-5000/torch,
ICP-5000/furnace, IC, computing integrator). It will, in addition, allow
the MINC to interpret and manipulate all data it receives from its
hardware modules. It will also support and execute the generation of a
final hard-copy print-out displaying the following: the particular
sample PWA's (1) part number (P/N), (2) serial number (S/N), and (3) lot
number (LOT), (4) the date, (5) the time, and (6) the analyst. The
analysis data themselves will appear on a separate print-out page. The
analysis data will consist of: (1) element designated by its chemical
symbol, (2) its concentration (mean value) as determined from three
separate aliquots, (3) the standard deviation, s, and (4) the coefficient
of variation, CV. Figure 44 lists the FORTRAN routines required for the
C/P operating system. Approximately 60% of these routines have been
completed.

Figure 45 illustrates in diagrammatical form the C/P software
operating system stored in the MINC's main memory locations. The
principal routines stored in Root, i.e., OTS, CURSOR, ICPEX, HEAR, and
FPRINT, are kept in permanent main memory locations at low addresses in
the memory. In addition, the routine ION is stored in permanent memory
but at high addresses, hence, that portion in which it is stored is
designated Segment 2. The other chief routines, SETUP, EXTRCT, INSTRU,
DECIDE, FURNCE, and REPORT are called into main memory off disk storage
by the system's executive routine, ICPEX, which calls each in turn as
required. That is, each of the routines listed in Segment 1 of main
memory does not permanently reside there but is called into memory
sequentially with respect to time as required from disk storage.

Let us briefly describe the chief routines constituting the C/P
software operating system. 0TS (Object Time System) is the FORTRAN
operant system, enabling all the other routines to be written in the
FORTRAN programming language. Note its box in Figure 45 is marked with a

. A1l other routines in the diagram (Figure 4) necessarily must be
l1inked to this routine in order to be executed. This is indicated in the
diagram in two different ways. Efither a two-way arrow, €«—>, is
employed or the symbol (&> 1{s used. It is not feasible in such a
diagram to make use only of two-way arrows since the diagram would become
unnecessarily cluttered, hence, the use of the symbol (&> to
indicate linking of a particular routine with 0TS. The same significance L
s attached to the symbols D&—> , @Q<€—> , and ) e—> . ICPEX
is the executive routine controlling when the various Segment 1 routwnes RS
will be called off disk storage and placed into main memory for
execution. CURSOR is the routine governing the physical attributes of :

135 ©

.....................




PR

SU0L3PI07 AUOWSY uteW S,JINIW B4} UL WRISAS buirjeuadg 24eM340S 4/7  °Sp IJWNOT4

Avowaw wi

3wiL

© O ©OOYADIOO e

15043y

R CEP

3oN3N

®

9Jo!

-1 nyLoni

1931x3

=TT Tilvawess |

© 0 ®HEOO

sass3yaay Woll A
T awe3s

'
;
v

134

UED T

posin

S10

—

Avowaw nij
S3cSUQAY MO

(NVHLYOS N1) WALSAS DNILY33dO FYYML40S dfD

PRy

T T e e T e T e
LR et

e N R T I
I W W0 Tl W TP LT L

‘.'-. -
W

Sa g te C et g, g

R IR R )

R T T O
CEM YT Ul T LAY

N N T P T

et

T e,
PRI Sl Tt |

s Ve sl st



T

-

P A PN SIS e

12 -Feb-81

ALL «COM
ATTRIB.FOR
ATTRIB.OBJ
BELL. +FOR
BELL .OBJ
BINCON,. SaV
CK1 +LST
CK2 «LLST
CK3 +LST
CLEAR .FOR
CLEAR .O0BJ
CLOCK .SaV
CLRSTR.FOR
CLRSTR. OBJ
COMFIL . COM
CONVRT . FOR
CONVRY . ORJ
CREATE . COM
CREF .SAV
CURSOR . HLP
DAILY .COM
DATTIM.COM
DECIDE.FOR
DEC IDE . OBJ
DISK .BAK
DISK .FOR
DISK .0BJ
DISK ,SAV
DOUBLE . FOR
DOUELE . OBJ
DUMFP . SAV
EACHR .COM
ERASED.FOR
ERASED . OBJ
ERASEL .FOK
ERASEL . OBJ
EXTRCT .FOR
EXTRCT.OBJ
FILE .BAK
FILE .FOR
FILE .0BJ
FILE .5SaV
83 Filesy

-

[
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12-Feb-81

11-Feb-81

11-Feb-81

11-Feb-81

11-Feb-81
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11-Feb-81
11-Feb-81
03-Jan-81
10-Feb-81
11-Feb-81
09-Feb-81
11-Feb-81
11-Feb-81
12-Feb-381
08~Jan-81
04-Jan-81
12-Feb-81

o

11-Feb-81
11-Feb-81
12-Feb-81
12-Feb-81
12-Feb-81
12-Feb-81
11-Feb-81
1i1-Feb-81
08-Jan-81
12-Feb-81
11-Feb-81
11-Feb-81
1i1-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
12-Feb-81
12~Feb-81
12-Feb-81

°

15 12-Feb-81

582 Rlocks

392 Free blocks

FIGURE 44.

PP GAP LA

FPRINT.FOR
FPRINT.OBJ
FURNCE .FOR
FURNCE .OBJ
HEAR .FOK
HEAR .0BJ
ICPEX .BAK
ICPEX .COM
ICPEX .FOR
ICFEX .0BJ
ICPEX .SAV
INIT .COM
INIT .SAV
INSTRU.FOR
INSTRU.0BJ
10N +FOR
ION 0BJ
LNKNO .COM
LNKYES.COM
HOVCUR .FOR
MOVCUR .0BJ
NOW +COM
GLBICP.SAV
PAT +SAV
PATCH .SaV
REPORT .FOR
REPORTY .OBJ
REPORT . SAV
SAVE .LST
SCROLL .FOR
SCROLL .OBJ
SEQ +DAT
SETUP .FOK
SETUP .0BJ
SIPP ,SAV
SLP «SAV
SRCCOM. SAY
STARTS.BAK
STARTS.COM
TALK  FOK
TCHAO ,LST

(4]

A=A N >

[

[T S
O S UGN~

11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
12-Feb-81
12-Feb-81
12-Feb-81
12-Feb-81
12-Feb-81
05-Feb-81
29-Jan-81
11-Feb-81
11-Feb-981
11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-31
11-Feb—-81
11-Feb-81
10-Feb-31
08-Jan-81
08-Jan-81
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11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
11-Feb-81
12-Feb-81
11-Feb-81
11-Feb-81
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08-Jan-81
08~Jan—-81
12-Feb-81
12-Feb-81
05S-Feb-81
12-Feb-81

FORTRAN Routines for the C/P Operating System
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12-Feb-81
SWAFP .SYS

NL +8YS
RT11SJ. MAP
~» R1115J.85YS
SYCND . MAC
SYSELD. COM
DEVELD. COM
BINCON. SAV

-> DUMF .SAV
PATCH .Sa¥
ERROUT . SAV
HELF .3AV
-» DUP + SAV
RESORC. SAV
~> KED + SAV
CREF .SAV

= LIBR .SAV
SYSL.1IB.OBJ
STAKTS. COM

P . COM

Q » COM

2sp
2p
21P
71P
sp
1P
2P

10
ap
10P
17
107P
41P
15¢
S0P
6P
22p
47P
1P

1

1

07~0cl-80
08-Jan-81
08-~Jan-81
08~Jan-81
08-Jan-81
08~Jan-81
08~.Jan-81
08~Jan-81
08~Jan-81
08~Jan-81
08~-Jan-81
08~.Jan-81
08~.Jan-81
08~Jan-81
08-Jan-81
08~.Jan-81
08~-.Jan-81
08-Jan—-81
08~-Jan—-81

13-Jan-81

42 Filese 884 Blocks
. 90 Free blocks

FIGURE 43.

> LP +SYS
> by +8YS
RT11FB.MAP
RT11FB.SYS
SYSTEL .MAC
MONBLD.COM
—> GRCCOM.SAY
SLP +SAY
SIPP .SAV
PAT +SAV
QUEMAN.SAV
—>PIF 54V
=> FORMAT .SAV
=>[IIR +SAY
HACRO .SAV
LINK .SAV
SYSMAC . SHL
oDT +OBJ
BACKUP .COM
DUPLIC.COM
A +CON

Disk Dump of the Various RT-11 Routines
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28P
85P
21P
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13p

20P

8P
13p
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The conclusion of this is it would be much easier to characterize
water-soluble fluxes than rosin-based organic fluxes because

1 there would be no deleterious solvent problem as regards the
chromatographic columns because pure water would be the
extractant

I~

this kind of flux is man-made, not natural, hence the
characteristic composition will be fixed according to specific
manufacturing procedures

3 they probably are not as complicated chemically as regards the
number of distinct chemical species as rosin-based fluxes.

Now Requirement 5 of Mil-Std-454E states that an R or RMA flux shall
be used except that an RA flux may be used if cleanliness testing per
Mi1-P-28809 is applied. It is hoped that the military requirements can
be extended to cover water-soluble fluxes since an adequate method can be
used to ascertain production cleanliness of PW after flux/soldering, viz,,
contaminant profiling via the C/P system.

3.3 THE MINICOMPUTER CONTROL SYSTEM
Probably the most important piece of equipment in the contaminant

profiling system in the minicomputer for final analysis and system
control,

With the printed wiring contaminant profiling (PW C/P) system we
necessarily concentrated heavily on software development. This is
especially critical since the C/P hardware is to be run and monitored by
the system's minicomputer (the DEC MINC-11). In addition, all data
handling, manipulation, and printout are to be performed by the MINC. R
The MINC operating system, the RT-11 (RT = Real Time) comprises a -
monftor/executive program for MINC system control and supervision; -
several device handlers (programs), one for each of the supported
hardware devices; a variety of utility support routines for system
software routines/data manipulation; and finally, the interfaces
necessary to support programming language processors. Figure 43 depicts
a disk dump of the various RT-11 routines. Some of its chief routines

are:
RT11SJ.SYS single job monitor
DUMP . SAV dump memory
DUP  .SAY file management
KED  .SAV editor
LIBR .SAV Tibrary
LP .SYS 1ine printer handler <
DY .SYS disk handier -
SRCCOM. SAY compares two files o
PIP  .SAV file exchange oo
FORMAT.SAV formats disks T
DIR  .SAY prints directory.
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The results indicate that ammonia < surfactant = 50 percent
surfactant + 50 percent monoethanolamine = rosin saponification product
1 = rosin saponification product 2; == signifies "about equal to" where
< signifies "worse than". Note that items 2-5 give almost identical
results. However, since the surfactant is a pure substance whereas the
others (surfactant/monoethanolamine and rosin saponification products 1
and 2) are mixtures, it seemed preferable to use only surfactant alone
since it does an equally good job.

The problem with using the surfactant is that a thorough
qualification test must be performed before it can routinely be used in
military PW. Further, although the surfactant itself is nonionic, its
method of production involves ionic catalysts which proved impossible to
remove. Naturally this interferred with the analysis. For this reason,
the only solvent that will be used at present will be pure demineralized
water. It is assumed that most harmful ionic species will come off the
PW surface in the water. 1If there are any entrapped under polymerized
rosin, these probably would not prove troublesome. It is highly unlikely
they would leach out of the polymerized rosin.

It is not out of place to say a few words about fluxes at this
point. At present MMC is employing RMA fluxes for the soldering process.
Rosin fluxes are, of course, complex mixtures composed of many weakly
acidic species, such as abietic acid, neoabietic acid, pimaric acid, etc.
Rosin is a natural product. It is the non-steam volatile portion of pine
gum, and its specific composition will vary depending on the source of
the raw rosin. In short, the RMA fiux marketed by a particular

manufacturer is likely to vary depending on where he obtained his raw gum
rosin.

Further, it is well known that both exposure to oxygen and to heat
will change the chemical structure of some of the components of rosin.
The abietic-type acids (abietic, neoabietic, levopimaric, palustric), for
example, are more prone to take up oxygen because of their conjugated
double bonds than the pimaric-type acids (pimaric, isopimaric). Further,
heating of abietic acid will cause a disproportionation to a pyroabietic
acid mixture containing dehydroabietic and tetrahydroabietic acids, both
of which are chemically inert and therefore resistant to oxidation.

These known facts of rosin fluxes are 1ikely to make them difficult to
characterize chemically on the ion chromatograph.

In addition, any particular manufacturer's RMA flux will contain a
small amount of proprietary activators (e.g., halides, non-rosin organic
acids, amines, amides, etc.). These too must be characterized.

Finally, the solvent that must be used to dfssolve the rosin flux
must be carefully considered. It was expected that a 50% H20
(water)/50% IPA (isopropyl alcohol) extractant would prove feasible to
both dissolve the rosin flux and to lead to no problems with the
chromatographic columns. However, it is recognized that the ion-exchange
resins used in the chromatographic columns are often sensitive to other
solvents, and this can sometimes lead to their subsequent deterioration

if water alone is not used. For reasons pointed out above, 50% HgOISO%
IPA did not prove satisfactory.
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As displayed in the test matrix, all methods of rosin removal were
effective when the extraction time was two (2) hours. For a one {1) hour
extraction time, however, it is seen that LFF > NFF > NH3 where >
signifies "better than". The flux supplied by vendor 2 can be removed
easier by all three methods than flux supplied by vendor 1. Actually, it
would be more correct to say that the flux batch produced by vendor 2 was
removed easier than the flux batch of vendor 1. This way of specifying
the situation is necessarv since rosin fluxes are derived from natural
sources and their compositions can and do vary somewhat due to
fluctuations in supply conditions. By this s meant that a particular
: given rosin flux of a particular given vendor will probably have a
i* slightly varying composition from batch to batch due to supply factors

. (it may contain a fixed proportion of activator, however). It seems
evident, therefore, that the use of a natural source product such as
rosin in the manufacturing of PWBs will always necessitate a
qualification test to be repeated at certain intervals, i.e., if high
reliability PWBs are the desideratum. Hence, a suitable method of
chromatography (1iquid or preferably FID gas) should be employed to
qualify the use of LFF surfactant to remove rosin., The chromatographic
technique will be used to fingerprint both rosin and surfactant and to
demonstrate removal of surfactant. Although the surfactant is nonionic,
it is wise to ascertain that the nonionic surfactant species has been
completely removed from the PW surface.

-r"—'-

Regarding the extraction procedure to be used for the printed wiring
(PW), five different materials were used to clean rosin from PWB
substrate. A volume of 50 ml of rosin (2 different RMA rosin fluxes
were used in the experiment) was applied to a 1 in x 1.5 in coupon. The
flux was then heated to solder temperature by passing the coupons through
a solder belt reflow machine. An attempt was then made to clean the
coupons in the PW extraction tank using each of the five different
materials. These materfals included:

Ammonia, NHg OH

jor

Surfactant (low foaming)

I~

50 percent surfactant + 50 percent monoethanolamine (common
ingredient of rosin saponification formulations)

jw

Rosin saponification product 1 (produced by vendor 1)

[ P

Rosin saponification product 2 (produced by vendor 2).

The PWB substrate mategia\ was then tested for rosin using the
Liebermann-Storch (L/S) test.
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Time T1 T2 :';
1 hour 2 hours ’
Method of
Extraction
Fi1 ¢+ Fir -
NH3 Fiz2 + Flz - ’
“21 0+ Fa1 -
Fa2 - F22 -
’
Fir + Fi1 -
NFF Flg + Fi2 -
Fa1 - Fa1 -
Faz - Foz - ’
Fi1 + Fi1 -
LFF Flz2 - Fo. - .= -
]
Fa1 - Fa1 -
Fa2 - Fa2 -
The fluxes were allowed to dry in air for 48 hours. »
Blanks were also run in duplicate in all cases and consistently tested R
negative for rosin by the L/S test as expected. T
[ ]
»
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Surfactants 1 and 2 are both produced by the same vendor because no other
vendor's surfactants appeared promising based on preliminary evaluations.
tﬁ Two different extraction times were used--1 hour and 2 hours. The

Liebermann-Storch test was employed to check for traces of rosin >75
parts-per-billion (ppb). Each flux was run in duplicate. The results
are summarized in the test matrix displayed below.

LEGEND
1 ++ = positive L/S test for rosin
; + = faintly positive L/S test for rosin
- = negative L/S test for rosin
2 RMA flux 1, trial #1 = Fjy
° RMA flux 1, trial #2 = Fyp i
3 RMA flux 2, trial #1 =Fp2)

RMA flux 2, trial #2

F22
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There are other organic acids containing in rosin in addition to abietic,
and most are isomeric to abietic. Natural rosin also contains a small
amount of inert materials, probably polymeric in nature. Based on its
chemical constituents, the two approaches to solubilizing rosin are

these:

1 Seek a suitable surfactant having the ability to solvate the

~ rosin using essentially the same mechanism by which organic
"dirts" are removed by soaps and detergents. That is, the
surfactant should possess a hydrophobic and a hydrophilic end,
the hydrophobic responsible for the dissolution of the rosin.
Preferably, the surfactant would have near neutral pH. Thus,
the use of a nonionic surfactant was suggested.

2 Use an alkaline material (pH>7) to saponify the rosin, causing it
~ to go into water solution as rosin salts.

After trying approximately twelve different commercial nonionic
surfactants, one particular kind was found to remove rosin quite well.
Its chemical type is: ethoxylated tridecylalcohol. The solution
concentration needed is 2-5%. Further investigation is required to
choose the optimal concentration; however, preliminary work indicates
that a 5% solution will be necessary. Regarding alkaline material, a 1%
solution of ammonia (NH3) will also successfully remove rosin.

Although the pH 10, no apparent harm is caused the PWA, apparently
because the ammonia volatilizes. However, further investigation is
required before one can say this positively. The IC can be used to check
the efficient removal of the ammonia since it has the capability to
perform an analysis for ammonia.

Both approaches proved to be successful.

The materials used were these:

|-

Ammonia, NH3 or NH40H (in aqueous solution)

Surfactant 1, normal foaming formulation (NFF)

jw I~

Surfactant 2, low foaming formulation (LFF)

| =

RMA flux 1, Fy (produced by vendor 1)
RMA flux 2, F» (produced by vendor 2).

|on
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The ICP-5000 Data Station (6800 microcomputer) is powerful and
can communicate effectively with the 5000 Spectrophotometer. It
- passes control and program information to the 5000 and receives
- back data for manipulation and storage which it passes to the
MINC. The Data Station's disk storage holds the furnace files,
the torch files, and the operating files to run the torch and
furnace. The Data Station, however, exercises no control over
the Graphite Furnace Control unit. This must manually be
operated by a magnetic card. Nor does the Data Station exert
control over the Graphite Furnace Autosampler Control unit
(operated manually by a keyboard) or the Torch Autosampler
Control unit (has only ON/OFF switch). Since the Data Station
with its 6800 chip microprocessor and RAM memory is the key
element in linking the ICP-5000 system with a host computer (the
MINC-11 in this case), the Data Station's failure to communicate
with the Graphite Furnace Control unit and both Autosampler
Control units means that the host computer cannot either. Hence,
as far as the MINC is concerned, the Graphite Furnace Control
unit and both Autosampler Control units are offline.

oy
=

(LY

This second point concerns the IC. The way the IC was built, it
contains a solid state programmer - not a microprocessor, makes
it impossible to communicate with. The IC does not really talk
to its Autosampler or to its Computing Integrator; rather, it
merely hardwire activates realy rlosures to indicate it is ready
to have samples fed to it by the Autosampler or when it is ready
to dump data to the Computing Integrator after a run. This
means, in effect, the real data control for the Computing
INtegrator is via the IC, not the MINC, even though the MINC can
talk directly to the Computing Integrator. So, as far as the
MINC is concerned, the IC is offline also. This fact has
necessitated a very careful software timing sequence during the
torch/furnace data acquisition and manipulation by the MINC to
ensure that the SP 4100 does not have a data set from a
particular IC run wiped out by the IC (when it is ready to send
more data to the SP 4100) before the SP4100 can transmit the data
to the MINC.

It is appropriate to consider here the C/P system from the point of
view of system control. Review again the system schematic as depicted in
Figure | . The system control itself forms a hierarchy, and the major
components of this hierarchy are depicted in Tables 14, I's, and 16.

This completes the discussion of total system hardware integration at
this taint. Hopefully, while building a contaminant profiling (C/P) data
base, the problem of more complete integration of system hardware can be

addressed and some of the equipment can be modified in a hardware fashion
to permit this.
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Table 14
CONTAMINANT PROFILING SYSTEM CONTROL HIERARCHY
SYSTEM CONTROL -- HIgh Level Command
* MINC Mincomputer
INSTRUMENT CONTROL -- Middle Level Command

* Perkin Elmer M3600 Data Station
* Specta Physics SP-4100 Computing Integrator

MACHINE CONTROL -- Low Level Command
* 6800 Microprocessor

* 8008 Microprocessor
* 4004 Microprocessor
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Table 15
SYSTEM CONTROL TECHNICAL REQUIREMENTS

SYSTEM CONTROL . ;-v-

{ * [nterface with human operator and Instrument Level Control.
‘ * Decide which analyses are to be performed on each instrument
3 (define task).

* Accept data and prepare reports.

t INSTRUMENT CONTROL ’

* Interface with System Level Control and Machine Level Control.

* Have knowledge of analytical parameters for each elements for
instrument.

* Compute analytical results from raw input data.

MACHINE CONTROL

* Interface with Instrument Level Control and machine devices
(stepping motors, etc.).
* Have capability to operate stepping motors, valves, defract1on N
gratings, temperature controllers, and the 1like. »
* Read raw data and convert to digital form. )

e,
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Table 16
INPUT / OUTPUT AT EACH SYSTEM LEVEL
SYSTEM CONTROL INPUTS
* From human: Commands (RUN), Identifying data (Board S/N, P/N,
Operator's Name).
* From Inst. Level: Processed Data.

SYSTEM CONTROL OUTPUTS

* To human: Final reports.
* To Inst. Level: Control Commands (RUN CU)

INSTRUMENT CONTROL INPUTS
* From System Level: Control Commands
* From Mach. Level: Handshaking (Ready line), Raw Data Values
(321453).
INSTRUMENT CONTROL QUTPUTS

* To System Level: Processed Data (2.01 PPB)
* To Mach. Level: Machine Control Commands (Step to 189.9 nm).

MACHINE CONTROL INPUTS
* From Inst. Level: Machine Control Commands
* From Components: Handshaking (Ready lines), Analog Data
(0.476 v).
MACHINE CONTROL OQUTPUTS
* To Inst. Level: Handshaking, Raw Data Values

* To Components: Component Level Commands (Logical 1 to Port
OECH on line 3 for 5 ms.).
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3.4 SETTING CONTAMINANT LIMITS WITH THE CONTAMINANT PROFILING SYSTEM

It is necessary to set initial contaminant levels us1ng the
contaminant profiling (C/P) system.

Attention was turned to addressing the problem of setting realistic
limits, within the scope of our present knowledge, for the amount of
contamination on a printed wiring assembly (PWA). As was pointed out,
the comtaminant profiling (C/P) system instrumentation will detect and
intepret the amounts of contaminant species in an extract in terms of
parts-per-billion (ppb). This Tatter term, a concentration unit, can
eas11y be converted into the number of m1crograms per square cent1meter
ng/cm ) of each contaminant species, given that the total area of the
PWA and the extract volume are entered into the C/P system's databank as
system parameters.

It is agreed that what is required is to link the presence and
amount of each species on the PW surface to PW degradation. A rigorous
testing and evaluation shceduld in which the contribution to degradation
and the concomitant threshold limits of each contaminant species should
be performed for different PW configurations, packaging densities, and
component types. The data generated from this extensive testing and
evaluation phase can then be used to build a data base for C/P.

However, due to the time limitation imposed on the present program,
the best approach to establishing meaningful first limits of contaminant
species is to relate their toal amounts back to the existing military
specification, MIL-P-28809. It was remarked in the Final Report for
Phase I on the contract that the amount of NaCl (sodium Chloride)
necessary to cause a rss1st1vity change from 6.0 M&cm to 2.0 M&cm is
0.94 yg/cm 1.0 pg/cm This was assuming a PW whose surface area
is A inch? (both s1des included). Since 6.45 cm@ = 1 inch?, the PW
surface = 6.45 A cm¢, This also presumes the entire quantity of NaCl
is eluted into the test extract having a volume of 10 A ml since,
according to MIL-P-28809, 1 inch? of PW surface = 10 ml of extract
after washing. This amount is meaningful for PW having conductor line
widths/Tine spacings > 10 mils (0.010 inch) and average component
densities (assuming no leadless components). This value, i.e., 1.0
pg/cm? as representing the threshold value for NaCl for the above
conductor line widths/line spacings is also supported by the insulation
resistance (IR) work of Dr. W. Bernard Wargotz (Dr. W. Bernard Wargotz,
“Quantification of Contaminant Effects upon Electrical Behavior of
Printed Wiring," IPC Technical Paper, Sept. (1977)).

However, it is obvious that NaCl will not be the only contaminant.
Hence one must find the governing parameter for relating concentrations
of different contaminant species back to MIL-P-28809. This parameter is
the solution neutrality. The governing equation is
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K= 0.001A0c + g (1)
sol

where c is the concentration of ionizable material in equivalents/liter
(norma]ity);lio, the equivalents conductance at infinite dilution, and
and K 1 the specific conductance of solution and pure solvent
respec%1ve1y. Further, the specific resistivity, @, is related to the
specific conductance by the following equation:

£=1/K (2)

In the Final Report for Phase I, it was remarked that a
concentration of C = 10.41 x 10-6N would result in a resistivity drop
from 6 Mfcm to 2 M&cm for an isopropyl alcohol (75%) /water (25%) solution
as employed for MIL=P=28809. This concentration, then, will be used as the
threshold concentration for contaminant species on a PWA. That is, when the
total extract concentration equals to or surpasses this concentration, the
PWA will have failed the C/P test.

To find the total extract normality, the number of’;lg/cm2 of each
contaminant species must be divided by the respective equivalent weight
of each species, the result summed over all species and divided by 2
(since there are both positive and negative species). That is

all all
positive positive
6 species species

c (total normality) = 645 x 10 [( 3 Ci/x;i+ T Ci/xp/2] (3)
[]

SO
where C; is the respective concentration of species i in the Mg/cml and X;
is its respective equivalent weight. The factor 645 arises because it is
assumed the area, A, of the PWA was originally given in inchZ,

Based on calculations such as these, the following two reports
(Figures 47 and 48)* illustrate the C/P report format showing

1 the PW part number (P/N), serial number (S/N), and lot number
(Lom

the date and time of analysis

the angyst

the instrumentation used for the cationic (positive) species -
either inductively coupled Argon plasma emission spectroscopy
(ICP-5000) or graphite furnance atomic absorption spectroscopy
15000-AA)

the instrumentation used for the anionic (negative) species - ion
chromatography (IC)

the species analyzed for - using appropriate chemical symbolism
the species concentration in parts-per-billion (ppb) (This is a
mean value based on three readings)

& wiro
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CONTAMINATION FPROFILIMNG
REFPORT

/7N 2 AY0-127469-00000

S/78 T 000034

LLOT ¢ N201

DATES 07-JuL-81 TIME S 121323121
ANALYST . —_— — —_———

V. A. DE GIORGIO

FIGURE 47. Contamination Profiling Report (Example) of a
PWA Passing Test
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Cations

- Bw Inductivelu Courled Ardon Plasma Emission Sreclroscory

ELEMENT CONC./ UWEIGHT STD. DEV. COEFF. OF VAR. CONC./ EOARD AREA

- ————— - o = - o e e o ———— e o o — - s e o o

Cations

- By Grarhile Furnace Atlomic Absorrliion Srectiroscory

ELEMENT CONC./ WEIGHT STk, DEV. COEFF. OF VAR, CONC./ BOARD' AREA

4 10, PPR +/- 0.9 9.04 % 0,016 ug/sa.cm

S1 9. PPB +/- 2.1 23.54 % 0.014 ug/sa.cm

K 0. PPB  +/-KXXKXX TEKRX % 0.000 ug/sa.cm

PB 70, PPE  +/- 4.1 5.91 % 0,109 usg/sa.cm

SN 3%5. PPB +/- 0.8 2,34 % 0,054 ug/sa.cm

CR 11, PPB  +/- 0.1 0.48 % 0.017 ug/sa.cm

N 21. PPB  +/~ 0.2 0.72 % 0,033 us/sa.cm

cu 43, PPB +/- 0.5 1,22 % 0,067 ug/sa.cm

NI 0. PPB  +/~KKXXXX XEXRX % 0.000 us/sa.cm

AU 0. PPB  #/~%XXXXX XXX % 0.000 us/sa.cm

FE 19. PPB +/- 0.4 2,23 % 0,029 ug/sa.cm .

e 0. PPB  +/-XKRXXX XRRX % 0.000 ug/sa.cm 'I‘l

PD 7. PPB #/- 0.9 12,57 2 0.011 ug/sa.cm o

CA 46, PP #/- 0.1 0,30 % 0,071 ug/sa.cm o f

A 10. PPB 4/- 0.1 1.15 % 0,014 ug/sa.cm ﬁ.i

A 46, PPB 4/~ 4.5 9,84 % 0,071 us/sa.cw 5
A

FIGURE 47. (continued)
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Anions

- By lon Chromatodgrarhu

SPECIES CONC./ WEIGHT STh, DEV, COEFF. OF VAR, CONC./ BROARD AREA

- ———————— o ey o e e - = e o e e e e e e —— e o o v o e e

F 15. PPE  +/- 1.0 65.42 % 0,023 ud/sa.cm
cL 188. PPB  +/- 9.8 5.23 % 0,291 ud/sa.cm
NO2 0. PPR +/- 0.1 100.00 % 0,000 udg/sa.cm
NO3 0, PPB +/~ 0.5 100.00 % 0,000 ud/sc.cm
BR 34, PPB #/- 3.7 10.27 2 0,056 udg/sa.cm
P04 98. PPB /- 7.2 7.32 % 0,152 ud/sa.cm
S04 25, PPB +/- 1.2 4.99 2 0,039 ud/sa.cm

TOTAL CONTAMINANTS

Total Cationic Srecies 0.507 ud/sa.cm

Total Anionic Srecies 0.561 ud/sa.cm

TOTAL

1,048 ud/sa.cm

— Essed on Lhe above analwsicss this PWE?

FASSES Lhe Contaminant FProfilins Test.

IV WY S

FIGURE 47. {continued)
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CONTAMINATION PROFILING

REFPORT

F/’7M ¢ AY0-127569-00000

S/7N ¢ 000047

LOT ¢ N202

DIATES: 07-JuL-81 TIMES: 09:15:03
ANALYST —_

V. A. DE GIORCIO

FIGURE 48. Contamination Profiling Report (Example)
of a PNA Failing Test
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Cations

- By Inductively Courled Ardon Plasma Emission Sreclroscorwu

ELEMENT CONC./ WEIGHT STD, DEV, COEFF. OF VaR, CONC./ ROARD AREA

cu 231 PPB  +/- 5.1 2.2 2 0,358 us/sa.cm
caA 430 PPEB  +/- 4.7 1.1 % 0,667 udg/sa.cm
AL 200 PPB  +/- 4.8 2.4 2% 0.310 ud/sa.cm
NA 543 PPH /-~ 37.6 10.6 % 0,842 ug/sa.cm

Cations

- By Grarhile Furnzce Atomic Absorrlion Sreclroscors

ELENENT CONC./ WEIGHT ST, DEV. COEFF, OF VAR, . CONC./ EOARD AREA

P 0., PPB +/-%kXkXXX XEXXX X 0.000 udg/sa.cm
St 24. PPB +/~ 0.8 3,40 % 0.037 ug/se.cm
K 0. PPB +/-%XXEXKX 13333 B4 0,000 us/sa.cm
PB 45. PPB 4/~ 2.1 4,77 % 0.070 udg/sa.cm
SN 70, PPB +/~ 1.0 1.42 X 0.109 us/sa.cm
R S. PPB /- 0.1 1,04 X 0.008 ud/sa.cm
4] 17. PPB +/- 0.2 1.00 % 0.026 udg/sa.cm
NI 0. PPB +/-XkkkkX XEKXx % 0.000 ud/sa.cm
AU 0. PPB +/-XAXKKX XXxkx 2% 0.000 ug/sa.cm
FE 10. PPB +/- 0.3 2.55 % 0.016 ug/sa.cm
NG 0. PPR +/-XxKkXX 2Exkx % 0.000 ud/se.cm
PD 3. PPB +/- 0.2 35.93 2 0.005 ug/se.cm

FIGURE 48. (continued) ::'_:.‘:j'. 5 N
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ANnions

- By lon Chromatodrarhy

SPECIES CONC./ WEIGHT STD. DEV. COEFF. OF VAR, CONC./ BOARLD AREA

F 20,
L 2586,
NO2 0.
NO3 0.
BR 0.
P04 0.
S04 70.

Total Cationic Srecies

Tolsl Amionic Srecies

PPE /- 0.7 3.50 X 0,031 ud/sa.cm
PPE /- 49.2 2,67 % 4,009 ug/sa.cm
PPB +/- 0.1 100.00 % 0.000 ud/sa.cm
PPEH +/~ 0.5 100.00 % 0,000 us/sa.cm
PPB t/- 0.0 100.00 % 0.000 ud/sa.cm
PPE /- 0.1 100,00 X% 0.000 ud/sa.cm
PPB +/- 2.6 3.76 % 0.10% us/sa.cm

TOTAL CONTAMINANTS

2.447 ud/sa.cm

4.149 ud/sa.cm

TOTAL

6,595 ud/sa.cm

— Eased on the sbove analwsiss» this PUERS

ateta e 2t it

o M I TR Sl AT AT WA TR UM W S

SN e .

the Contaminant FProfilins Test.

FIGURE 48. {continued)
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L aand anl s b g —

the standard deviation (s) and coefficient of variation (s/X) of
the species concentration (ppb)

the species concentration in pg/cm?

the total cationic species concentration in pg/cml

the total anionic species concentration in pg/cm

the grand total concentration of all species in pg/cml

statement as to whether given PWA passes or fails the C/P test
(based on above total neutrality of extract).

8

9
10
5
Tz
K]

*Figures 47 and 48 merely demonstrate the Report Generator software.
They do not present actual PW data based on samples run in the C/P
system. However, PWA samples shouid have similar profiles.

3.5 THE CONTAMINANT PROFILING SYSTEM: AN OVERVIEW.HEREIN IS PRESENTED A
FINAL OVERVIEW OF THE CONTAMINANT PROFILING (C/P) SYSTEM é

To gain a better perspective, the total system hardware will be
reviewed. Several of the contaminant profiling (C/P) system components
can be regarded as systems in their own right since they can be further
decomposed or broken down into a number of distinct subcomponents.

Since the C/P system minicomputer is the host computer for the entire C/P
system, the other components are called subsystems. These are:

1 One (1) inductively-coupled plasma (ICP) spectrophotometer
(Perkin-Elmer ICP-5000). The ICP-5000 is a true C/P subsystem
since it can be decomposed into distinct subunits.

a. Model 5000 Spectrophotometer
b. ICP Source (torch)
¢c. Optical Interface between a. and b.
d. RF Power Supply
e. Data Station (6800 microcomputer)
1. Vvideo display unit (VOU)
2. Keyboard
3. Disks (floppy)
f. HGA-500 Graphite Furnace
g. Graphite Furnace Control unit
h. AS-40 Autosampler(for furnace) + Control unit
i. AS-50 Autosampler(for torch) + Control unit
j. PR-80 Printer (line printer)

This instrument detects metallic and quasi-metallic
species (cations).
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2 One (1) ion chromatograph (IC) (Dionex Autolon™ System 12

~ Analyzer). This can be considered a quasi-subsystem since it
can be decomposed into subunits. It is ot, however, under the
immediate control of its own microprocessor as the ICP-5000
is.

a. IC Autosmapler
b. Computing Integrator (Spectra Physics Moded SP 4100)

The ion chromatograph detects negative ionic species (anions). The
computing integrator handles the data manipulation and peak integration
for the ion chromatograph.

3 Minicomputer (Digital Electronic Corp. MINC-11, a PDP-11/03)
with hardware modules for running laboratory equipment.

a. Vpou Q The maﬂl‘“ﬂ\ruhl‘ iS ‘Br ﬁnq'
b. Keyboard date analysis, report genevetion,
C# Disks (floppy). d overall system contrel,

| 4>

Extraction Tank/Pumping unit (built in-house)
5 MWater Purification Unit (Millipore)

The extraction .tank/pumping subsystem and water purification unit
and for sample preparation and extraction.

Herein is given a summary of the major thrust in hardware/software
development for the C/P system.

In the last few years, reductions in cost of microprogrammed
processor arrays (microprocessors) have led to their increased use by
system engineers in the design of laboratory analytical equipment. Along
with the usual benefits of designing with micorprocessors, (primarily
reduced cost of complex digital systems arrived at through the economies
of scale), at least one additional function has been added to many
state-of-the-art analytical instruments: the ability to communicate to
the outside world through a standardized communications port. This, in
turn, has simplified the connection of these instruments into automated
analytical sytems; so much so, in fact, that the early 1980's are showing
the promise of the development of the completely automated laboratory.
The Contamination Profiling System, an automated analytical design for
detecting contamination on printed wiring boards and assemblies, is a
demonstration of this concept implementing as an on-line tool for use on
the floor of a PWB/PWA manufacturing facility.

The design of such an automated facility involves concurrent
exploration of several disciplines throughout the development of the
project:
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FORTRAN IV vr2.5-2 Tru 03-Dec-81 02:05:0% PACE GO

i SUERQUTINE CONVRT (IPARA, OPARAL, OPARAZ!
< E1TE OP&PA!, OPARAZ

o3 IDIC=IPARA/ LD

G0d4 CPARAL1=IDIG+48

02303 OPArA2=(IPARA-IDIC*10)+48

oroe FETURN

-007 END

s S
SN
[P T L
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¥22.5-2 Taw 03-Dec-381 02:04:31

SUEPOJTINE SCPROLL(ISCTOP, ISCEOT)
BYTE CONTPRPL(3)
BITE CLEAR'S)
DATA CLEAPRP/ "33, 133, "73, "162, "2C0/
DATA CONTRL/"23, "13

IF(ISCTOR, EQ,0:5C TO (00

CALL CONVRT(ISCTOP, ISCTP1, :SCTP2)
CALL CONVPT(ISCEOT, ISCETY, ISCBT2)
CONTFL131=I5CTPL

CONTP_{4 = (SCTFZ

CONTRL &:=25CETI)

CONTF.!7:=1SCBTZ2

CALL PFINT'COMTRL:

PETURN
CALL PPINT CLEAR)
PETLRN
ENC
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J

Y22,5-2 Thu (3-Dec-8! 02:03:857

SUBRJOUTIMNE HEAR(CIUNIT, IFLAG, HEARS:
E{TE HEARS: 33,

CALL CLRETPI(HEARS)

INDEX=1

IFLAS=MTIW{IUNIT, HEARS(INDEX))
CFCIFLAG.CTW0)RETURN

DC Z, IPAUSE=1,3500

CONTINUZ
IF(HMEARS{ INDEX) .EQ. 10)RETURN
{F:INDEX,CT.82)RETURN
INDEX=INDEX+1

GO To 1

END
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n
(s8]

0002
0003
0004
200S
20986

v02.5-2 Thu 93-Dec-81 02:03:33

SUBPOUTINE CLEAE

BYTE CONTRL.'8!

DATA CONTRL/"32, "123, '110, "33, "133, "62
CALL PRINT(CONTRL)
RETURN

END

163

NI aslicatd e s

PAGEZ €0t

A




S et e S B L I A L R
PRSP  aaa T " v

FORTRAN IV Ve2.5-2 Thu 03-Dec-8! 02:03:09 PAGE CO0:

SUEROJUTINE CLRSTR(CLRS)
BYTE CLRS(E83)
DO 1, EQUNT=1, 83
CLRS(KQUNT: =0

t CONTINUE
PETURN

]
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FORTRAN 1V

200
2902
0Co3x
GLoa
030S
2007
ocoe
G009
0219
20151
G0i2
001
0014
1is
T
colE
c019
0920 1200
J0c 150t
0022

[

~02.5-2 Thu 03-Dec-81 £2:02:2!

PFZORAM IZFEX

BETTE PEPLY

iCPCS=0

CALL SETUPCICCNT)
IF(ICONT.EQ.{)GOC TC 2
CALL EXTRCT

CALL INSTRU(ICFOS:

CALL DECIDE(ICPCS)

CALL FUPNCECICPOS)

ZALL REFOFT

CALL MOVCUR(Z4.1)

TrPE 1000

ACCEST 100.,RPEPLY
IF(PZPLY.EQ. "1 )CG0C TO 1
CALL SCROLL(0, )

CALL CLEAP

CALL EXIT

FORMAT(/ 3Pur arcther analysis (Y/N)
FORMAT (AL

END
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F12TPAN v V3E2.5-2 Thu 03-Dec-8! 02:02:2!

+ LP: PPOGPM=DK :PROGEM.FOR/D/A
CPTIONS IN EFFECT:

SOURCE
MAP
NDJCODE
NOLEAPEAR
NOREADONLY
LPECL=0136
STAT
IENS
NGCOLE0o
USFSWAP
NOD IACGNOSE
NCINTEGER#4
NLCHN=06
NODEEUS
VECTOR
NOWARN
CODE:FIS
LOG
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4,0 CONTAMINANT PROFILING SYSTEM SOFTWARE

The Contaminant Profiling System software was designed to minimize
the need for operator intervention.

The Contaminant Profiling System Software was designed to minimize
the need for operator intervention during the course of PWB/PWA analysis.
In order accomplish this goal, it was structured as a top-level manager
for the C/P system. its tasks include:

1 Providing control commands to the various instrumentation
including in the system.

2 Accepting data from these same instruments and storing that data
for future utilization.

3 Analyzing the data from the ICP-5000 analysis and from it, decid-
ing which elements require analysis by the HGA-500 Graphite
Furnace.

4 Organizing the data from the instrumentation 1nto a final report
for each board analyzed.

5 Determining whether the analyte board has passed or failed the
C/P System tes*.

The System Software was written in Fortran-IV to be executed on a
Digital Equipment Corporation MINC 11/03 Minicomputer under the RT-11
(Version 4.0) Operating System. Extensive use of operating system calls
was required both to enhance execution speed and to support the unique
hardware configuration features of the MINC. Documentation for these
calls is available from DEC as part of their RT-11 Support Manuals, and
will not be included here.

A complete listing of the C/P System Software is contained on the
following pages. In order to provide software maintainability, a modular
approach was used. All Martin Marietta Corporation written routine are
contained in the listing. However, in addition to these routines
vendor-supplied software for the SP4100 Computing Integrator and the
M3600 Data Station was modified for usage under the C/P System framework.
Because this Software is proprietary to the vendors involved, it is not
contained in this report.
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NOTES

1.1 = fon 1ine; A = atom line. For the significance, see below.

2.Phosphorus, P, was deleted from the 1ist of analyte elements to be
run on the ICP 5000 torch because its best and most sensitive line is
too far into the ultraviolet (UV). The entire ICP optical path must be
purged with a UV-transparent gas, such as argon, to allow the
determination of P at 177.50.

3.Recall Note 2, viz., phosphorus, P, was deleted from the list of
analyte elements to be run on the ICP torch because its best and most
sensitive line is too far into the ultraviolet (UV). However, it can be
run on the graphite furnace. Hence, it reappears in the above list.

4Retention time - time it takes for a particular species to pass
through the IC's system and be detected by its detector.
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form that can be understood by the host computer at execution time,
programs written in this form take between 20 and 200 times as long to
run as those in other (compiled) languages. Both of the instruments used
in the C/P System were provided by the manufacturers with system software
running in interpretive BASIC. The C/P System takes advantage of this
fact, in that the controller software, written in FORTRAN IV, has more
than enough time to receive, process, and store information from the
several instruments concomitantly. Therefore, a general purpose
laboratory minicomputer with FORTRAN IV capability and several
communication ports was chosen as the system controller. While this
increased hardware costs over that of using a smaller microcomputer
system, it grectly reduced the development time/cost of the system
software. Since the possibility of speading software costs over many
units did not exist, this was deemed to be cost-effective in the
development of this particular system.

The lack of portability of BASIC is due to syntactical differences
amoung the various dealects of the language, and remains a probelm in the
development of systems of this type. It results in increased development
costs while the system programmer familiarized himself with these
differences. There is a trend toward the use of faster, more powerful
languages, such as FORTRAN IV and PASCAL in the design of laboratory
instrumentation. Since these languages tend to be more standardized,
this will, to some extent, alleviate the problem.

In Figure 49 is depicted the contaminent profiling (C/P) system in
the MMC Ocala PW Facility. The C/P system is located in Building 1 in
the Contamination Control Room adjacent to the Quality Chemistry
Laboratory. It is under the jurisdiction of Quality in Ocala, and a
person from Quality is being trained On the instrumentation.

In Figures 50 - 52 are photographs of the actual system hardware.
In Figure 50 there is on the left the autosampler for the ion
chromatograph (IC), the IC itself is the rectangular unit in the center, :
and the SP4100 computing integrator is seen on the right in Figure 50. _
In Figure 51 are seen the MINC-11 and the Perkin-Elmer spectrophotometric SR
system. The MINC is seen in the center foreground. Directly to the left
of it is the on-line printer for producing hard-copy. Behind the printer .
is the MINC visual display unit (CRT)/keyboard terminal. Behind that is 1
the Perkin-Elmer ICP 5000 Data Sation (having its own keyboard/visual .
display unit), and behind that is the HGA-500 graphite furnace control
unit. Finally, behind that is the ICP 5000/graphite furnace/torch unit .
itself. In the far left background, barely visible in Fiqure 51 is the o
torch RF power supply. Figure 52 shows the extraction tank/pump unit for
making extractions for analysis from sample PWAs.
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REPRODUCED AT GOVERNMENT EXPENSE

FIGURE 50. The Ion Chromatograph IC Autosample,
Integrator

and Computing

FIGURE 52. The Extraction Tank/Pumping Unit
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(1) Chemistry

The instrumentation to be used must be capable of fulfilling the
requirements of the end system. While the analytical methodology
involved will obviously play a large role in the choice of
instrumentation, an automated system will require several additional
factors to be considered within the total design. For example, since the
C/P System was to have both cations (metals and semimetals) and anions
(non-metallic species) determined in parallel, maximizing the system's
throughout required that the total analytical time for each technique be
balanced. Therefore, the ion chromatograph became the determinant
instrument, since at two hours per run, it would require the bulk of the
operating time. Within this timd?rame, it was decided to use sequential
inductively-coupled plasma e@iﬁssion spectrophotometry to determine the
metals, backed up by graphite furnace atomic absorption, since the total
run times would be approximately equal for most samples.

(2) Data Processing - Hardware

As has already been mentioned, state-of-the-art laboratory
instrumentation is showing an increased implementation of
miroprocessor-based, bus-origQtaed designs. However, it should be
pointed out that the standardization of communication busses and system
protocol has not yet arrived. In addition, the need for the availability
of detailed technical information concerning these structures has not
been fully recognized by many vendors. Therefore, the design of the C/P
System required the purchase of equipment that while "computer
¢ .mmpatible", was not totally designed to be used in a fully automated
system. For these reasons, interfacing problems surfaced requiring
hardware knowledge to solve. Particularly troublesome was the fact that
certain pieces of equipment had no provision for external communication
at all, which necessitated compromises in the data links within the
system.

S
(3) Data Proceging - Software

The most commonly available computer language for instrument control
at this time is interpretive BASIC. While computer professionals usually
feel that the disadvantages of this language 1imit its usefulness in all
but the most casual of data processing situtation, interpretive BASIC
holds several major advantages for the instrument manufacturer. It is,
at this time, unusual to find personnel trained in both Analytical
Chemistry and Computer Programming. Since the BASIC language was
desiffed to rather easily learned, its use allows the instrument
manufacturer to train personnel familiar with instrument operation in the
programming of the computers needed to control them. The fact that the
source program (program statements written in a form understandable to
humans) resides within the computer at execution time also vastly
simplifies program debugging and modification. The two major
disadvantages of interpretive BASIC are its slow execution s need and its
lack of protability. Since each BASIC statement must be transiated to a
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v V02092 Thu 03-Dec-8. 02:05:3%

SUEBROQUTINE ERASED(IEDOFT)

E:TE CONTPL(SY

DATA CONTRL "33, "133,0, 112, "200/
CONTRL{3)=1EDOPT+48

CALL PRINTI{CONTRL)

RPETURN

END
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FORTRAN IV

vg2.S-2 Thu 03-Dec-&! 02:06:01 PACE 001

SUEBRCUTINE ERASEL(IELCOPT)

BTTE CONTRL(S)

DATA CONTRL/"33, "133,0, "113, "Z200/
CONTRL:3)=1EZLOPT+42

CALL PRINT:CONTRL:

RETUPN

END

[SRVEVReNeNele]
GO OO OO
OOOO D00
O e b
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FOPTRAN 1V J32.9-2 Thu 03-Dec-81 02:06:23 PAGE 271
Z2%1 SUBRCLUTINE MOVCUR(MOVLIN, MOVCOL)

29202 BYTE JONTEL(F)

Q003 DATA CONTRL/"323,":33,90,0, "7%,0.0, "110. 200/
2204 CALL CONVRT(MOVLIN, MVLIN!, MVLIN2)

€205 CALL CONYRT{MOVCOL,MVCOL1,MVCOL2)

ccoe CONTRL {3)=MVLINI1

ocow CONTRL < 4 =MVLIN2Z

2308 CONTRL {6)=MVCOL1

QC09 CONTRL (7 )=MVCOL2

201¢ CALL PRINT(CONTRL)

o211 RETURN

3012 END
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V3i2.9-2 Thu 03-Dec-281 02:07:03

SUBRCLTINE DOUBLE{ID2FT, IDLIN)
BITE CONTPL(4:

DATA CONTRL/ "33, “43,0, "200/
IDROPT=IDGPT

IDBLIN=IDLIN
IF{I1DEOPT.E2,0) IDEOPT=53
IF(IDBOPT.C&. 1) IDEGPT=54
IF(1DBOPT.EQ, 2) IJEOPT=51
CALL MOVCUR(IDBLIN, 1)

CALL EFASEL(2)
CONTRL (3) = - DEOFT

CALL PRINT(CONTEL)

IF:{IDEOPT.EG.S21CALL MOVCUR(IDBLIN-1,1.

IF{iDBCPT.NE.S1)GCTO Z
IDBOPT=52
IDZLIN=IDELIN+1

GOTO S

FZTURN

END
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TORTRAN Iv¥

2201
0202
00903
2004
2005
L0086
J3C7

V02,5-2 Thu 03-Dec-31 C2:07:141

SUERQJUTINE ATTRIB(IATCOPT!

BYTE CONTRL(S!

DATA TONTRL/ "33, "133,0, 155, "200/
CONTRL{F) =14TOPT+48

CALL PRINTICONTRL)

RETURM

END
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¥52.5-2 Tra 03-Dec-81 Q02:08:08& PAGE 001

SUBRCUTINE FPRINT(IFILNG, IFLAG)
BYTE INSTR:30),FILE(1L)
DATA FILE/"123,"131.,"72,"103,"113,0, 756, 114, "123, " 124, 0/
NFILE=IFILNC
IF(IFLAG.EQ. O 'NFILE=1
DC S, ICCUNT=1,NFILE
FILE(6Y=ICOUNT+48
IF(IFLAG.EQ.0)FILE(6)=IFILNO+48
OPEN(UNIT=_, NAME=FILE, TYPE="0LD ")
IF(IFLAG.EG.C)CO TO 1
OPEN(UNIT=E, NAME= LP: , CARRIAGECONTROL="FORTRAN !
LC 2 INDEX=!,30
INSTRUINDEX =0
CONTINUE
FPEAD( !, 1300, END=4)NCHES, ( INETR(KOUNT Y, ¥OUNT=1.NCHRE)
DG 6, INDEX=1.890
IFINSTF(INDEX!.E@.10)G0 TO 3
CONTINUE
WRITE(E, 10C1! (INSTR(KOUNT), KOUNT=1, INDEX)
GO TO |
LOSE‘UNIT=1.
IF(IFLAG.EQ.0)GQ TO S
CLOSE/UNIT=&"
CONTINUZ
FETURN
FORMAT ‘¢, 80A1 "
FORMAT( "+ ,20:AL,:))
END
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TORTRAN 1V Y02.5-2 Thu 03-Dec-81 02:08:54 P&GE 001
000! SUBRCJUTINE BELL

ez BV7TE IHF (2]

£002 DATA CHR/™."200~

Cl04 DO 2, KOUNT=1, .0

QC¢QasS CALL PRINTI(CHR)

eCoe DC Z2.EOQUNT1=1,10000

poer =z CONT INUE

0d08e RETURN

0G09 END
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FORTRAN IV v02,5-2 Thu 03-Dec-81 02:03:22 PACE 201
6001 SUEROUTINE SETUP(ISTOE)
90c2 B1TE E=R2, DATE(S), CHR, PEPLY, INSTR(34), TIMSTR( &}
2002 BYTE SE@¢(13)
J0C4 INTECER+4 SETSCR(18)
3005 DATA SETSCR/'OPR , 3, 'DATE", 'TIME . P/N ', G, LOT , S/N
1" €E2 ,0,0,0. 1CF ", 'HGA ,"IC ', TANK', 'MODE , .. > !
0608 DATA SE@/".04,"131,"61,"72, 103, "120,0,0,"S5&, " 1304, " I:. 12,/
gL 7 CALL CLEAR
2308 CALL SCROLL(1S,24)
2009 CALL TOUBLE(:, 1)
001¢ CALL MOVCUR!!,8)
zett CALL ®PINT( CCNTAMINANT PROFILING STSTEM )
0012 CALL DOUBLE(:. 14}
2013 CHP= -
0014 TYPE 1006, ' {AR, INDEX=1,40
0015 1008 FORMAT( + ,40A1)
C3:6 CALL ATTRIE(7
goLr INDEX=
sote DO 4, 1LIN=%.3,Z
0013 50 <, ITOL=1.61,20
09245 CALL MOVCUR!ILIN, ICOL)
2121 TYPE 1001, SETSCF(INIEX)
0022 i001 FORMAT' "+ ,A4)
0022 INDEX=INDEX+!
0024 4 CONTINUE
0625 CALL #OVilu®iiL, 1)
D02€E TYPE 1001, SETSCR(17)
coz” CALL MCVCURI13, 1)
c0z8 TYPE 100!, SBETSCR(18}
2023 CALL ATTRIE(O)
0030 CALL MOVCUR({11,8)
0C31 CALL FRIMT( SET-UP’)
0032 DO 5, 1COL=6,€6, 20
2633 CALL MOvCuR(9, iCOL)
0034 CALL PRINT{ INACTIVE')
003S 5 CONTINUE
0036 OPEN(UNIT=1, NAME= SY:DATTIM.COM", TYPE= QLD
J027 READ(., 1017 {(DATE{INDEX), INDEX=1,9
0C32 1G:” FORMAT(SX,9Al:
2039 CLOSE{UNIT=1) o
0040 CALL MOVCUR(3, 46) ]
004t TYPE :018, ' DATE(INDEX). INDEX=i.9) R
0042 1018 FIRMAT( +°,3AL) e
2043 CALL TIME(TIMSTR) :
0044 CALL MOVCUR(3Z,86) N
0043 TYPE i02Z, 'TIMSTR(INDEX), INDEX=1,8) *
0046 102F FCRMAT! + ,8AL) T
2047 CALL MOVZUR(24,1} e
2048 IFILE=3 ER
0049 TY2E 1802 BRI
6050 1002 FORMAT( "8ls this the first run of -he week (Y/N) » ) o
cCSst ACZEFT 1005, REFLY -
0092 1005 FCRMAT.AL) o
0053 IF(PEPLY.NE. v )IFiLZ=2 -
174 -
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FORTRAN IV v32.5-2 Trv 03-Dec-81 02:09:22 FAGE 002
PR} IF(REZLY.EQ. 'y S0 TO 10

DI TYPE 1029

cO0S8 (025 FORMAT. $lc thiszs the fi~st run of the dav (T/N) 7? !
0CS3 ACCEPT :00S, PEPLY

2050 IF(RESLY.NE. "7 ) iIFIiLE=1

ee2 L CALL ™MCOVCUP'13,8)

- CALL ATTRIEIS)

084 CALL PRINT: Printing Start-up Checklists !
CI6S CALL ATTRIE(O)

TUEB CALL MOVZIURI(Z24,1)

2067 CALL FPRINT(IFILE.1)

0CBe3 CALL MOVQUR({ 132,67

23€3 CALL ERASEL(0)

34TC CALL MOVCUF(Z4, 1!

ToT1 ISTZP="

00732 IF(IFILE.EQ.1) GO TO 20

174 TiPE 10350

IoTe 10SC FOPMAT. $Corntinue with the analysis (1 INY 7P }
GUTE ACCEPT 103.,REPL:

T TFIREFLIT.E@., T IGO0 TO 20

0073 12S: FORMAT AL

2350 ISTOF=1

0481 RETUY ',

222 20 OPTM-UNIT=1.NAME= SY:3EQ@.DAT’»TYPE= OLD " :
908z #EAZ 1., 1223)I5EQL, ISEQZ

Jce4 CLOSE(UNIT={)

2085 OPEN(UNIT=..NAME="ST:SEQ.DAT , TYPE= 'NEW
20528 ISEGZ=13SEQZ+1

1GS7 IF(IZEQZ.LE. T1)GO TGO &

2023 ISEQ2="€0

2050 ISEQI=ISEQ: +:

0321 2 WRITE(!.1023%) ISEQ1, ISEQ2

0092 1023 FORMAT(2!5

0333 CLOSE(UNIT=1»

c094 SEQ(7)=I5EG:

0053 SEQ1&: =18EQ@Z

3036 CPEN(UNIT=2. NAME=SEQ, TYPE="NEW , CARPIACECONTROL= LIST
2097 CALL ™OVIUR(T.8)

2038 TYPE 1C2&,SEQ(T),5EQ(8)

5099 1528 FORMAT( + AL, 1X,Al)

0100 WRITE(2, 1024 (DATE(INDEX) . INDEX=1, 3

0101 1024 FCRMAT:!1X.3Al;

2102 WFITE*2,1025) : TIMSTR INDEX). (NDEX=!,2)
3102 1025 FORMAT 11X, 8A1)

2104 CALL MOVCUFP(24, !}

010% TIPE 1040

C106 {040 FORMAT "$Erter Ooe~a-osr Name °)
c1o7 CALL GETSTR(S, INSTF. 23, ERR}

~108 CALL MOVCJRP(3, 8"

2109 CALL FPRINTIINSTF:

2110 WRITE(Z, 1028 ( INSTR{INDEX), INDEX=1, 33)
0.11 1026 FOPMAT(IX, 35A1)

0112 CALL MOVCUP' 24, 1)

011z TYPE 1048
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siar
0:423
0143
3%

0131

1Cay

1044

1043

VG2.35-2 Thu (3-Dec-8! 02:09:22

FCPMAT / %Enter Part Number

CALL GETSTR(S, iNSTE, 33, ERR)

CALL MOWVCUR: (5,6

CALL FPRINT:INSTR)
WRPITE/2,1028) (INSTR ! INDEX), INDEX=1.33)
CALL MOVCUPi{24. 1)

T:FE 1042

FIRVMAT(/ ¢Enter Lot Numher

CALL CGETETF(Z, INSTR, 14, EFR)

CALL MOVCURI(S, a6)

CALL PFRINT(INSTR)

WEITE(Z, 1027 ( INSTR(INDEX ", INDEX=!{, 1&)
FORMAT(1X, . 441,

CALL MCVIUFR({24, 1)

TT2T 1043

FIPMAT{/ "$Enter Seri1al Number
CALL GETSTR(S, INSTF, 14, ERF)

CALL MOVCUR(S,66)

CALL PEINT(INETR:

WRITE(Z, 13237 (INSTZ{INDEX), INCEX=!L. {4}
JALL MOVCUR(Z<. 1)

TYPE 1744 ]
FORMAT ./ 2Erter bcard length ‘cm)
ACCEFT#*, FLEN

TTYPE 104%Z

FCPMAT{ "$Er.ter hoara width (cm)
ACTEPTH*,FWID

APEACM=FLEN#FWJID«2
WRITE(Z, 1046 APEACM

FORMATI(F10.2)

TYPL 1047

FOPMAT( $Zriter tamw vciume {(mi)
ACCEPT», TVOL

WPITE 2, 10-t&" " TVOL

FOPMAT(F10. 2

CLISE(UNIT=D)

RETURN

ENT

176
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FORTFAN U

oCo! SUBROUTINE EYTPRCT
>u02 ETTE FEFLI,EFP,ENDFLG, CHR
oCd3 CALL MOJ/CUR{LIt.E?
PEsEY R CALL ATTRIE({(J)}
000% CALL PFINT( EXTRACTION,
008 CALL MOVIUP124, 1.
CIOT TYFE .179
S30& 192 FORMAT . $Znter 2wtraction time (mim.) )
38909 ACCEPT *.RUNTI™
G0 ZALL MIVCUR{L3.5)
el CALL PPINT( Time remairning : min sec )
3012 ALl VOYCUR(!3,2%)
50z IPUH=INT{RUNTIM;
tita TrFE 1310, IPUN
GCiS 101G FORPMAT! 4+, 129
2J1e CALL MIVIURIZ24. 17
TolT CALL PRINT: "
AR CALL Z2INTt Fitl extraction tank witn DI water.,
0213 CALL PPINT! Place aralvte board in tank.’ )
20 CALL FFRINTCO Turn om 2wtraction tark cumd., !
-2 TTPE 120.
2222 1390Y FCPMAT! "$Pressz RETUFN: wherm ready o beqgir timing.
00Zx% ACLZEFT 100Z, REPLY
I02- 10CC  FCAMAT ALY
252< STTIM=3ECNLS( 3.
£336 CalLl MOVCUF ! 3,E6:
o027 CALL PRINT: ACTIVE
Qr 28 CALL MOVCUR 12,6
NoZ2 CALL ATTRIEB(S!
J7 30 TALL PRINT Time rema ning @
2031 1 ETIM=ZECNDS IETTIM
T03E2 SECTIM=F_NTIM#ed-ETIM
cQ3% I2ECT=INT(SEZTI!
2024 IMIN=IBECT/&C
RIS 1SEC=TSECT-IMIN#&Q
0038 CALL ATTEIB(G:
0037 CALL MOVIURI1Z,2%:
0332 TYPE 10828, 1M1,
-39 CALL MOVCUR(iZ.534)
3340 TrPE 1268, 1220
394 IF/ETIM,_T. FUNTIM#80:00 TZ 1t
043 10502 FORMAT +7.12
3045 CALL MIVIU:9,E6)
7548 CALL PPINT! FINIZHED )
2046 CALL MOVCUR!!Z,6:
2047 ZALL PRINTI Time Femaining )
0C48 CALL MOYCUR 24,1
1043 TYPE 2.1
J05¢ 1011 FORM&T .  Zwtractio- :zompiete. Turr off pumi -
I Ext-zczior Tane. /0
051 ZALL ZELL
3052 CALL ToOVIJRIL1Z,&"
3082 ZALL ZRASEL{D:
20354 CALL “IVCUF (24, 1)
177
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FIRTFAN v J0Z.9-2 Tru 0F-Dec-8! 02:13:01 PAGE €31

3001 SUBSCUTINE INSTRU(LDADD) e
2003 E:TE PEPLT,CHR, STRING(10), INSTR(83),0UTSTR183) . SEQ! 1 47 -
G003 INTECER#Z JOE, SELOK1(4), SELOK2(4), HOLDI, ~OLD2

200+ DATA SEQ/°104,"i3!, "61,"72,0,C,0,0,0,"SE, "10<. .01, " 124.0/

3005 CALL MOVCUR{11.8)

3003 CALL ATTRIB!O)

007 CALL =RINTI wMALYSIS 2

xoce CALL VOVCJR(Z2s.1,

oC09 CALL PRINT:. ~

2010 CTALL PRINT( 'Verify CHECKLIST items combiess. )

L01 CaALL PRINT( Place extract sampbles im auto-zamdler=z.

012 CALL PRINT/'Start Data Stat:on by tvyping IIF “FETUBN™.

JC1 = CERI=MTATIHL, , JOBL)

bR iF {00 T2 939393

01 JERZ=MTATI-(Z, »JOED)

LT IF{IEP2)CC TO 9993

2012 IF ' MTIET{L.SELCKI?711)Y.NE. Q)30 TO 39955 -
[N ITIMTIETIZ,SELOY2( 1)) .NE, OGO TO 9999

JCZz ZE.IF L y=SELOF LI 1) W OF, 10000

3024 SclL2t 244y =3SELOFZ2(1.0R,."10000

0C235 STLCKI(1 . =G8LCF L {],;.,0P."100

2023 SBLOF 2/ ty=53BLIK2(L . OF., "10C

D027 IFIMTSET(!,SELCK1{1;).NE,2)C0 TO 9399 N
109 IF(MTSET(Z.,SRLCY2(1)),NE, 030 TZ 9999 it
IS CPEN(UNIT=,NA“E= ST:13EC.DAT ", TTPE="0OLD

302 FEAZ .1, 1C04 (SEDL, ISEGR

2032 1004 FCRMATI(Z2IS:

20324 CLASEWUNIT=1L: e
0038 ~CLL: =0 A
20323 HQLDZ2=0 -
20zT LOADiI=0 oo
2028 LOAD2=2

0038 4 CALL ION:{ISE@L, ISEQ2.LDAD1)

340 iIF(LGAL2.EZ. NGO TN 3

QU442 IF(LCAZZVERG. 205D TC €

00ad 2 CALL HEAR(Z.HOLDZ, INSTP) i
204% IF'#ZLDZ2.E2.,1)30 TO 4

2%aT E2TI=" 1 25

QU<«3 SEQ'6Y="102

343 SER T lL0

CiZ0 CEQI2Y=]SEQ!

2C351 SEZ(3'=18EQ2

9:sS2 CPENCJNIT=2, NAME=SEQ, TTPE="NEW , CAFRIAGECONTROL="LI&T )
06GS% DC 95, IPUN = 1,3

3054 CALL MOVIUP(9.5:
03E% CALL ATTRIERI(C)
- TYPE 120%, IPUN

Q057 1902 FORMAT  +CPFTUP L 1X, 11,1X)
2053 CALL MCVCU= Za4,:

0323 CALL CLFETY SUTITR.

vQEC JALL SCOPYC VT OGFL , QUTSTRS
0061t OLTETP . 3 =1F M+48

£J62 CALL MTPPANT: 2. QUTETR)

2083 TIBE LGJX2. IPUN
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YOZVS-2 Thu $3-2ec-8! 02:13
FLPMAT' ICP,/S0(C rean for Anmai
iease fcoliow orompts on Data
LOAL”=;
CALL REAFR: 2, A0LIDZ, INST2)
IF HOLDZ.ES. 1Y CC TO 4
IFOINSTR L W E@ [ G0 TO 993
CALL CLASTRIQJTSTR)
CALL 3CCT8PY( A", QUTETE.
CaALL MTEUNT'Z,OUTSTP)
L2ALZ=2

CALL HEAR{(Z2,HOLLZ, INETR:
(TIHCLDZ.EQ )GC TO 4
IFCINSTRO L 0 EG,

IFtINSTR0 0 EG, ; »3I TC 933
TFOINSTR 25 . EQ. )GD TO 7

CALL ST20UTST

Zall I.ANSTP ST° NG, 1, D)
CaLL T JUTETR, ETPING, CUTETFE

CALL O <QUTETP, y QUTETRD
CALL INSTRE, STPING, 27, 22
CALL CIONCAT IOUTETPR, 8T2ING, CUTSTR)
SALL CONCATI(OUTSTRE, < W QUTSTR)
CALL SUESTR(INETP,STRING, 53, S?
CALL CCOWCATISUTSTE,.STEING, CUTSTR!
CONCAT DUTETR, ©  ,OUTSTRS
ZALL SUESTEIINSTF. STRING. 83, D)
CALL CINCAT!JUTSTR, STRING, OUTSTR)
ZALL COANCAT: OUTSTE. .OUTSTR.

70 TO S

TALL SUZSTFY ILETFE.STRING, 39,7
CALL CONCAT i SUTSTR, STRPING, JUTSTR)
CALL CCNCAT QUTSITF. © 527, OUTSTR)

CALL

CALL SUBSTR'INSTR,STRING,S1,7)
CALL TONCAT(OUTSTE.5TRING, OUTSTR)
CALL CONCAT(QUTSTR, © CV’'.0UT3TR)
CALL SJESTP(INSTP.STPING.G3,3)
CALL CONCAT{OUTSTF, STRING, OUTSTR:
WARITE Z.10C3) (OUTS F KJUNT), KOUNT=1,6
FOFEMAT ‘X, BT 41)

CO T2 3

CALL REAP(Z, HOLDZ, INET
TF{HCLD2.E2.1.3C TO 3

COLTINUE

CLOSECUNIT=ZI!

CALL MOVCUR(3,85:

CALL FPINT( FINICHED

RETURN

[FIINSTF. 2. NE, 'C71352 TO 300
CALL mMI.Curv13,6

CALL ATTFIE.S)

CAlLL PRIMNT: Commurmacar
CALL MOVCUF (24, ..

CALL ATTPIR((:

CALL BELL

ions Errcr!’
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CORTRAN IV v52.,5-2 Thu 03-Dec-81 02:13:0: PAGE 003

0L2% TIFE t1299:!

2135 10001 FGP¥YAT!, s$lcrrect Commumication Przzlem. F[resg PETURN -o
{ resume aralvsiz.,

2127 52 TZ 939<

0128 308 IFCINSTR: 2 VEGQ. E°.SNDJINSTR(Z),E2, NGO T3 3

D122 IFUINSTR/IZY.NE. 'T .AND. INSTR(Z2).NE. F ,AND, INSTR:2),ANE. M )
G0 TC 30:

213z CALL MCVCup(:13, %)

0133 CALL ATTFIE(S)

D134 CALL PRINT: ‘Error :n Reading Disk! ")

213 CALL MOWVCIR{Z4,1)

2135 CALL ATTRIEWD)

GLET CALL BELL

2138 TYPT .0034

0Lz9 L2004 FORMAT' /" ~~ error nes occured ir. Attemotirns 52 re3d fraom tre

taon

bt
=
d
S
S
<
€
=

- O W

G.62
01£2
Cies
01ES
o166
0167
38-1-]
0169
0.:70
0171
017z
Civs
0174

i1 ¢izr inm zrive | of the’s Data Ststion, Mawe =Surse <hatv the
2 cor-ect 313K :g inssrtea and that tha2 door . $tc <re dri.e
% .5 zicsed, Press ‘FETUPN: to resume arnaivsis,
2330 ALCCEPT 10002, REPLY
10003% FCPRMAT(AL:
CALL MOVCUPRP(13,8:
CALL EFRSELLO!
CALL MOVCUR(24, 1)
(F{LOADZ.NE.2:GT TC 9391
LCAD2=1
CLOSE . UNIT=2!
GO TC 3
2921 LOAIZZ=D
cCc To 2
301 IT.INSTR(2).NE. "83°V20 TO 9239
CALL MOVCLPI13,8)
CALL ATTRIE(S)
cALL PRINT('Errzr 1~ Reading Stsndards' )
CALL MOVIUR 24, 1)
CALL ATTFIR(D)
CALL EELL
TYPE 1020¢€
10806 FIRMAT!/ The Data Station has dztactad ar 2rror - the Stzra
lardizatiorn Prccess. '/ Check Standard Preraratiorn. Tgfy
Z AS5-30 samoie :tups wisth fresh standaris.’, $Press RIT % b1
Z resume analysis, !
ACCEPT 10003, REPLY
CALL MOVELURI13,6)
CALL ERASEL(Q)
CALL MOVIUR(24. 1)
CLOZZ(UNIT=2}
LJAaD2=1
COT2 2
S99¢ CALL MOVCuUiil=. g
CAL. ATTR.E(S;
c&hi. PRINTY "System E-ror:
IES1=MTDTCA(L)
1ERPZ=MTDTCH(2;
IF(LCAD2.EQ.2)1CLOSE(LNIT=2)
181
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FORTRAN 1v VizZ,5-2 Thu 03-Dec-8:1 02:13:01 PAGE <G4

Q176 CALL MOVCURIZ<, 1)

S CALL ATTRIR.O:

1T CALL EELL

Q1i7s TYFE 1CC1D

0280 10C10 FORMAT./ A fatal systam error nas occured. Restars IC and
1 ICP., / '¢F-ess “PETURM: tp resume arnalysis., °

ACCEFRT 10202, REPLTY

CALL MCwCUR!La, 8

CALL EPASEL{(G:

GO TO |

END

e v
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FORTRAN [V VC2,8-2 Tru 03-Dec-31 02:16:03 PAGE 031

000! SURFOUTINE TECIDE(LOALL)

0C02 IYTE INSTR(&Z},0UT53TR(83),S5EQ(1i4),.TyPE,LATA(3), TURRET . 18!
1,LAMF: 18}, TLAMP, ETURPFT, TDATA(10)

2003 INTEGES*2 HOLI3, NAME(18), ICROSS(18), FURNCE(18), ORDER({8) ., ENAME
1, ECROES, EORLER, EFURN, LOAD!

010« DATA SEQ/" 104, 131,761, "F2,"124,"102,7410,0,0, "S6, ":04,

1vl01. 124,00

¢10% DATA TDATA/ 133,131, "72."124,0, "S6. " 114, "123, "124, 0’
0206 CALL MOVCUR(11,6)
cIar CALL PRINT DECISION "}
x acoe CALL M2VCUP 13,6)
2208 CALL ATTRIE!S)
MY CALL FFINT:. Deterninirg Elemencts’)
Gl ZALL <TTRIZ(D)
TOIz CALL MOVIURIZ4, 1!
I3 DC ~, KOUNT=1, 18
SLRRS LAMP (FOUNT =0
1S TUPPET YOUNT =0
0UiE NAME ' TUNT =0
IR IIPGST FOUNLTI=
0013 OPDER '} OURT) =0
2719 FUPNCE FCuMT ==
oI CONT:E
202 OPEM{INIT=1.NAME= SY:SEQ2,DAT ', TrPE="0LD":
i 0222 REALD .. @000 SEQL. ISEQZ
002F 103 FOAMAT(ZIS.
coes CLOSE (UNIT=1"
cezs SEQ(8)=I1SEa!
ngzs SEQ(9:=1SERZ
£I27 CALL iSN(ISEQ1, iSE2Z, LOADL)
. 228 OPEN(NIT=.,NAME=3EQ, TYFE='OLD", CARRIAGECONTROL="LIEST
; ce2s CPEi{UNIT=2, YAME= 37:CRJSS.LST", TYPE="0LD . JAPRIAGE
| 1CONTREOL= LIST"}
kD READ (2, 1002, END=21 (NAME(KOUNT), ICRC3S (k JUNT), KCUNT=1{, 39
CC31 1002 FORMAT A2,23.18)
193z 2 SLOSE(UNIT=2)
2033 IELE=FOUNT- 1
: 2034 3 READ(1, 1003, END=13) TYPE, INAME, {DATA(K),K=2,¢)
' 0625 1C03 FOPMAT(ZX, Al, 4X,AZ, 13X, 7A1)
0136 IF{TYFE.NE, A7)GO TC 2
7038 CATA(1)=DATA(S)
5039 DATAI2)=0
0040 DECODE '™, 1204, TATA) IDATA
7041  1CC4 FOPMAT T
004z CALL !ON(ISEE!, ISEQZ,LOADI)
0t4z2 o0 4,YOUNT=., (ELE
0044 IF { INAME, E2.NAME(KOUNT: GO TO S
0046 4 CONTIVJE
2047 GC TO 3
048 S FUFNCE (FGUNT) =0 N
Co49 IF(IDATA. LT, iZP3ES KOUNT) )FURNCE (F JUNT) =: SRS
7951 30 TC 3 SOV
005z 10 CLLSE UMNIT=1) RN
00sz CALL MOVCUR(1Z2,6.
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FORTRAN 1V v0zZ.5-2 Trhu 03-Cec-281 02:16:0= PASE 002
N CALL EPASEL:'Q!
o= CALL ATTRIB(Z)
oI CALL PRINT( Crainimg Cata Statior’)

CALL MOVCUR:IZS, 1
SALL ATTRIRIC:
CALL SCOP: "@QUIT ,CUTSTR)
CALL MTPRNT(Z.OUTSTR)
~0AL2=¢

20 CALL IOh(IsEQ1, ISERZ, LOADT)
IF.LOAZZ.EG. GO TO 2:
IFILOAZZ2.EQ.2:°CGC TO 22

1 CALL HEAR(2,HOLDZ, INSTR!
IF(HOLD3.5@,11GO TO 20
CALL 3COFT: CFLOD , QUTSTR)
CALL MTPSNT(Z, OUTSTR)
L2ADZ="

21 CALL wEAP (2, HCLD3, INSTR)
sF(HCLDZ. . EQ. ! S0 TC 20

[T A o Y (N G IR N L Y

OO O G TG Y BT |

PRI OO LOCGAOWLMOD IO

DO QDO O IO O

if' IFVINSTROL . NEY [0 AND. INSTRIZVWNE, "E G0 T2 33
GlT CALL MOVCUR{1Z.6:
Biving <ALl EPASEL (D)

PR O W A N BT )

OO OOOOWIN N IDWIWWW I @O oo 0 wo

CALL ATTRIE(S.

CALL PRINT('Cailing Turret information’)
CALL MOVvCIR(Z4, 1)

CALL ATTFIEZ(Q)

DO 1Z,¥oUNT=1, JELE
CF(FUPNCE(KQUNT I WJERQ, D50 TO 2
CALL CLPETR(OUTSTR!

CALL SCCOPYINAME(FQJNT! . QUTSTR, 2)
CALL MTFPRENT(2,0UTSTP)

LOAD2=2

CALL HEAP!2, HOLDZ. INETF»
IF(HOLD3.EQ,1)CG0 TC 2¢
IFCINSTR(L::,EQ, I )CO TC 999
TURRET(KZUNT)=INSTR{ 1)
LAMP(KOQUNT "= [NSTR(2)

~)
D]

TN B b)) OW 0N b P O 0O s Fd e DY

LD D T3 O D O

WL OOOO M WL Dy A2 GOl edor i ls Qg

8 CECOLE(Z, 1009, INSTR)IOPDER(FKOQUNT)
¢z 1105 FORMAT(I2"
10¢& = CONTINUE
(0L CALL MOVCUR{1Z.6)
102 CALL ERASEL(C
103 ZALL ATTRIEB(S)
134 ZALL FRINT: Scrtirg Eiements )
185 CALL MOVZUR(Z4. 1)
106 CALL ATTRIEB{(O)
0107 INDEX=IELE-1!
21,8 SC 14, JINDEX=!. INDEX
D:09 ¥ INDEX=CINDEX+:
Ui 2 14, LINLDEX=1ELE, VINDEX, -:
it IF- QRDEP(LINDEX .CT.-OPLIR(JINDEX))IGO TO :4
o113 ELAMP=_AMP I L INDEX)
o114 ETJRPT=TURRET (LINDEX?
Z113 ENAME =NAME (L INIEX)
01:6 ECROS5=1ZROSS ! LINDEX)

184




FORTRAN IV

1

)
]

L B s O W0 T Lot b

—

P he b e b s b

W o R IIM I Rk

OO OOOWDOOOO

(U

14

1011
16

1012

15

999
10000

M S Ah-an o a o en ARe Mod- o e Ntk ch) coah v S adi Suis AR el S IR Bath ruL g

voz2,5-2 Thu 03-Dec-81 02:16:03 PAGE 003

EORDEF=0ORDER(LINDEX?
EFUPN=FURNCE{LINDEX)

LAMP (L INDEX ) =LAMP (JINDEX)

TUPPET (LINDEX)=TURRET ( JINDEX)

NAME (L INDEX) =NAME (J INDEX)
ICROSS(LINDEX)=1CROSS ! JINDEX)
ORDEF(LINDEX)=0RDER{(JINDEX)

FURNCE (LINDEX) =FURNCE ( JINDEX)

LAMP (J INDEX) =ELAMP

TURRET (JINDEX) =ETURRT

NAME (JINDEX) =ENAME
[CROSE(JINDEX)=ECROSS

ORDER (JINDEX :=EQORDER

FURNCE(JINDEX) =EFURN

CALL iCN(I1SE@!L, ISEQZ, LOADL)
CONTINUE

DO iZ,ITUR=1,3

CALL ION{ISEQ1, ISEQ2,LOAD1)
TDATA(S5)=]ITUR+48&

OPEN{UNIT=1i, NAME=TDATA, TIPE="NEW’,CARRIAGEZCNTROL= "LIET )
IFLAG=0

DO 16,KOUNT={, [ELE

IF(TURRET (KOUNT) . NE. TDATA({S) . OR.FURNCE (KOUNT:.EQ.J)C0 TO 16
IFLAG=!

WRITE{1, 1011)NAME(KOUNT), TURRET (KQUNT), LAMP (KOUNT?,
1FURNCE ( KOUNT)

FORMAT (AZ, 2X, A1, 2X, A1, 2X, 13}
CONTINUE
[FIIFLAG.EG.0)WRITE(1,1012)
FORMAT ¢ "NODATA ")

CLOSE(UNIT=1)

CONTINVE

CALL MOVCUR(13,6)

CALL ERASEL(D;

CALL MOVCUR(24.1)

RETURN

TYPE 10000

FORMAT(  ERROR IN CODING ROUTINES )
CAaLL EXIT

END

185
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TORTRAN IV V02,5-2 Thu 03-Dez-8: 02:18:47 PACE 00t
2001 SUBROUTINE FURNCE(LOAD1)
2002 BYTE INSTR(83),0UTSTR(33),PEPLY,SERQ(14), TUPRET(E),LAMP(6),

ITDATA(10), LSTSAM, ISTDS
0003 INTEGER+*2 HOLD4, NAME(6)
0404 DATA SEQ/".04,"131,"6:, "72,"106, "122,"116,0,0, "S6, " 104,

170!, “124,0/
0098 DATA TDATA/"123,"131,"72,"124,0, "S6, "114, "123, “124,0/
0006 CALL MOVCURI(.1,6)
ccoT CALL PRINT( ANALY3IS )
0°38 CALL MOVCUP(1%,6)
2009 CALL ATTPIR(Z)
JC10 CALL PRINT: ‘Doening Output Fite’)
caty CALL ATTRIB(O)
002 CALL MOVCUR!(24, 1t
3013 OPEN(UNIT=1,NAME="SY:SEQ,DAT’, TYPE="0LD")
0014 READ(1, 100.) ISEQt, ISEQ2
0G1S  100: FOPMAT(215}
051 CLOSE(UNIT=1}
17 CALL ICN(ISEZ1, ISEQZ, LOAD!)
3018 SEQ{8)=ISEQ1
2019 SEQ(9)=15EQ2
202¢ OPEN(UNIT=2, NAME=3EQ, TiPE="NEW’', CARRIAGECONTROL= ‘LIST ')
0021 CALL MOVCUR(S, 267
3022 CALL PRINT('ACTIVE °)
2023 CALL MOVCUR(24,1) _
0024 CALL ION(1SEQ1, ISEQ2,L0ADI) e
0025 DO 1, ITUR=.,3 SRR
0026 CALL MOVCUR(13,6) ]
0027 CALL ERASEL(0: R
ooz28 CALL ATTRIE(S) -
0029 CALL PRINT! Readirg Elements’) -
6030 CALL ATTRIBE(O) .
0031 CALL MOVCUR(24,1) -
0032 TDATA(S)=1TUR+48 el
0033 OPEN(UNIT=1,NAME=TDATA, TYPE="0OLD’, CARRIAGECONTROL= "LIST") <
0034 KOUNT=1 il
0038 2 READ: 1, 1005, END=3: NAME (KDUNT}, TURRET (KOUNT), LAMP (KOUNT) 1
0036 1005 FORMAT(AZ,2X,Al,2X,Al) o
0037 KOUNT=KOUNT+1 )
0038 IF (NAME (LOUNT-1).NE, '"NO“)G0 TO 2 e
0040 CLOSE(UNIT=1) S
0041 CO TO 3
0042 2 1ELE=KOUNT-1 .
9043 CLOSE(UNIT=1)
0044 CALL ION(1ZEQ!, ISEQ2,L0OAD1)
€045 CPEN(UNIT=6,NAME="LP: ', CARRIAGECONTROL= "FORTRAN T
2046 CALL MOVCUFi 9, 26) o
0047 CALL ATTRIE!0) SRS
2048 TYPE 1515, 1TUR e
0049 1015 FORMAT( +TUPRET ', 11) e
0050 CALL MOVCUP(13,6° S
oesy CALL ATTRIE(S) j
5052 TYPE 1003, ITUR -
0032 1003 FORMAT! +Printing Checklist - Turret #',12)
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FORTRAN 1V

00S4
005%
005t
2057
00358

2053
0060
2%61
2062
0263
SRv]-
383

1006

1007

1008

T T e e e R S Y

P—— ——

v02.5-2 Thu 03-Dec-81 02:18:47 PAGE 002

CALL MOVCUR(Z4, 1)

CALL ATTRIB(D)

CALL FPRINT(4,0)

WRITE(E, 1004) ITUR

FORMAT(/° Lamp Turret / Arialytical Sequence # ,12// Be sure
{Lamcs are ‘oaded in the foliowing order t°//:{X, Lame ,20X,
2 Turret Positicn /11Xy "----",20X) ==---=scccnancn-- )

CALL I0WN(ISEQY, ISEQ@2,LOAD:)

DO 4, INDEX=1, [ELE

WRITE(E, 1006 )NAME{ INDEX), LAMP( INDEX)

FORMAT (12X, AZ, 28X, Al)

TONT INUE
WPITE!&, (007 ITUR
FCRMAT!/ Lecad Program Card # “,Il,  imto HGA-S00., ./ Lcad tre

. foliowing sequences into the AS-40 auto-sampler  //tX, "SEQ°,
2711, "FROG . T22, "%, T32, "LAST ', T41, "METHOD ", T31, SAMFLE",TE!t
3, "INST ", T7!, '"HGA'/2X, "#'.T!1, "DELAY ,T21, "STDS ", T3!, "SAMPLE ',

4T43, "%, TS2, 'VOL ', T6t. "PROG ", T7 1, "PROG " /1X, "=~-", Til, " =-=--- Ty
STZ}.' ----’.Tal-' """ oT41p’ """ .stlpA """ 'yTEI.u‘"'..
6T71, ----".

CALL ION(ISEQi, ISEQZ2,LOAD:)

[STD3="3"

LSTSAM= 1~

METHCD=1

IVOL=20

iDELAT=2

DO 95, INDEX=..1ELE

WRITE(6, 1008) INDEX, IDELAY, 1STDS, LSTSAM, METHOD, IVOL, iNDEX, LAMP
1 L INDEX)

FORMAT!(1X, 12,T13,11,T22,A1,T33,A1,T43,11,T52,13,T62,11,T72,A1)
CONTINUE

CALL ION(ISEQ1, i1SEQ2,L0ADY)

CALL MOVCUR(13,8)

CALL ERASEL(Q)

CALL MOVCUR(24,1)

CLOSE(UNIT=6)

CALL BELL

CALL PRINT("

TYPE 1012, ITUR

FORMAT( +Set up Mode) S000 - HCA/S00 for analytica) sequence
1 w11, 7./ 8Press (RETUPN> to continue anaiysis ...,
ACCEPT 1013, PEPL:

FORMAT(AL)

CALL CLRSTR(QUTST®)

CALL SCOPY{ » ,0Q0UTSTR)

CALL MTPRNT(2,CUTSTR)

LOAD2=0

CALL ICN(iSEQ1, 1Zc2@Z,L0AD!)

IF{LOAD2.EQ.1)C0 T0 2:

IF{LOAD2,EQ.2'CGO TO 22

IF(LOAD2.EQR. 3)C0 TO 23

IF'LOAL2.EQ. 430 TO 24

IF(LOAD2.EQ. %150 TO 2=

IF(LCAD2.EQ.6)CO TO 26
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FORTRAN 1V \V02.5-2 Tru 03-Dec-81 02:18:47 PAGE 203
0102 B ALL HEAF (2, HCLD4, INSTR)
c10% IF(HCLD4.EG. 1) GC TO 20
2107 IFCINSTR(1).NE, 'L . AND, INSTR(3).NE, ‘U’ GO T2 239
0.572 CALL CLRSTP(OUTETR)
1t JUTSTA(L ) =1ELE~43
it CALL MTPRNT:(Z, OUTSTR)
G112 LOADZ=!
2113 2t ZALL FEAR(Z, HOLI4, INSTP)
2114 TF(ROLD4.E2.1)GD TO 20
016 IFUISTR(1+.NE, "I .AND, INSTR(3).NE, ‘I )GO TO 399
9118 00 &.INDEX=1, [ELE
2113 ZALL CLRSTFE(CUTSTR)
D) CALL =I0P1(NAME(INDEX), OUTSTR.2)
012, TALL MTPRNT (2, OUTETR)
sz L0aDzI=2
013% =2 CALL HEAP(Z,HOLD4, INSTR)
2124 I7/ADLD4.EQ., GO TO 20
TUZ6 TF{INSTR(2:.NE "0 .OR.INSTP(2).5Q@. B )GO TJ 3995
a1z 3 COMTIHNJE
123 LOADI ==
.30 2% ZALL HEAR(2,HZLD4, INSTR:
031 IF(POLD4.EQ.)GO TC 2C
RS IFOINSTR(2 L NE. L 'S0 TO 993
913% CALL CLPSTP{OUTSTE)
o316 TALL SCOPY (L3TSAM, JUTSTR, 1)
T1ET ZALL NMT2BNT(2, JUTSTP)
138 LOAD2=4
139 24 CALL HEAR:2, HOLD4, INSTR)
2140 F(HMOLD4.EQ.1'00 TO 20
2142 IF{INSTR:Z .NE. §°)C0 TG 299 .
G144 CALL CLRESTR(OUTSTR)
0143 CALL SCOPY !STUS, OUTSTR, 1) B
3148 CALL MTPRNT(2, QUTSTR) R
614~ LOADZ=S S
li48  ZS CALL HEAFR(2,~0LD4. IN3TR) e
f1s IF(HOLD4.EQ.1)32 T2 ==
3:5¢ IFCINSTRY2.NE. 'S 1GC TO 999 S
c1=3 LOADZ=6 : y
.54 Z2F CALL HEAP(2,H2LD4, INSTR)
0:.5% IF(HOLDY.EQ. .55 To 290 ’ 3
n.e- IFCINSTRY1).S@., [ 1CO TD i
J.%53 WRITE(Z, 10:4) (CINSTP! "NDEX), IWDEX=1. 44,
J16C 1014 FOPMAT: <42t
016 30 TO 26
2162 1 20T INUE
S163 ZALL MOLCLUP- 2, 26,
D164 CALL PFINTt¢ FINISHED ; 1
RS CALL MOVCUP(L3, ) - 9
3,86 cALL EFASEL(D
dia” CLOSE (L NIT=2)
167 IEP=MTITON. 2
0i63 27 CALL 10L(1SEQ1, *SEQZ. LIAD.)
o170 IFLO&ACL.NEL3I 3C TO 2T
o Tt PETURN )
S
.
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TCRTPAN IV

173 9983
Li74

2175 10000
176

077

B P U
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V32.5-2 Thu 03-Dec-31 02:18:47 PAGE 004

CALL MOUVIUR(Z4.1)

T.PE 10CJG, ! INSTR{INDEX), INDEX=1, 30), (QOUTSTR{ INDEX), INDEX=1, 30"
FORMAT{ EREBCR!' /1X,30AR1/1X,320A1)

CALL EXIT

END
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FORTRAN IV ¥32,5-2 Thu 02-Dec-81 02:21:473 PAGE 001
€301 SUEPQUTINE REPORT
vo02 BTTE ENHANC, LF, FF, NORMAL, IDSEQ(13), IDSTR!112),C-P,SEQ! 14}
1, NAME (18, 27, NAME !, NAMEZ, TYFPE, STAT, DATA(3)
0002 INTESEP+2 ELEMNT
0Co04 INTEGER*4 [CSPEC
000S DATA SEQ/"104, "131,"61,"72,0,0,0,C0.0, "S6., "104, "10 L, " 124,07/
3006 DATA IDSEQ/"104,"131,"61,"72,"i03, "122,0,C. "S6,".04, "121,
17124, 0/
0097 CALL MOVCUR(i1,8)
goo8 CALL ATTRIBLQ)
0003 TYPE 1010
0213 1010 FOPMAT!’ +REPORT )
00114 CALL MOVCUR(24.1)
02:2 OPENIWUNIT=1,NAME="SY:8EQ.DAT ", T:PE= 0..D"}
0013 READ(!, 1000 ISEQ1, ISEQ2
0014 :000 TOPMAT{2I%)
0015 CLOSE(UNIT=1)
2016 IDEEG:«7 r=[SEQ!
0017 IDSE@(8)=15EQ2
2018 OPEN/UNIT=1, NAME=IDSEQ, TYPE="0OLD , CARRIAGECONTROL= LIZT )
00! OPEN(UNIT=6,NAME= LP:’, CARRIAGECCNTROL= FORTFAN’
0020 ENRARNC=1 4
002: NOFRMAL=1S
2022 FF=":4
0023 LrF=
002« CALL MOVCUP(LI 6)
002s CALL ATTRIEB(S)
0026 TIPE 1G11
00Gz™ 10ti FOFMAT!( +Printing Fimai Repo-t )
2028 CALL ATTRIB(O)
202 CALL MOVCURI(Z24, 10
00320 WRITE(E, 1001 (LF, KOUNT=1,9:
c23t 1001 FORMAT(1X,35A)
3032 WRITE(S, 1002)ENHANC, ENHANC
0033 1002 FOPMAT.1X,Ai.8X, CONTAMINATION PFOFILING . "iX,Al.18X, REPCPT
0034 PEAT(L, 100D (IDSTR(KOUNT), KOUNT=.,3), ' [DSTP{EOUNT) . FCUNT-lO.
117), {IDSTRIVOUNT) . KOUNT=18,50), ( IDSTR' KOUNT) , LOJKT=51, '
2 IDSTP{rOUNT), EOQUNT=84,97), { IDSTF(KOUNT 1, KOUNT=32 .1..',~REACN.
3TVCL
0025 1003 FOPMAT(IX,9AL/1X,3A1/1X,33A./1X, 23A1/ (X, 1AL/ 1X, LAL/FIC. 2 »;
1/F15.2) . "._‘
2036 CLOSE'UNIT=1) R
0037 CONST=,001*TVOL/AREACM s
ocC3e WRITE(E, 1004)ENHAMC, NORMAL, [ IDSTF (KOUNT), EOUNT=51, 83), ENRANC, SRR
LNOPMAL, (IDSTR(KOUNT), KOUNT=38, 1.1), ENHANC, NORMAL, ( IDSTR LOUNT. J

2, KOUNT=84,57), ENHANC. NORMAL, ( IDSTR(KC_NT . FOUNT=1, 9), ENHANC,
3NORMAL, i IDSTR(FOUNT ), KOUNT=10, 17+, ENHANC. NOPMAL, (IDSTR(FOUNT:
APOLNT 19 50

039 1,04 FOFMA S ITX AL, PAIN Y L, ZeAL TR AL SN =TS W)
17X, Al, LDT H s 1SALY 177X AL, DATE: (0281, 1S4, A, TIME:
29A1 77/ TX AV CANALYST LAL7/26X, 3341
004C SEQ(S)="124
co41 CEGiE)=" 1073 p
CN42 CEQR!'7)H)="110
190 ]
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FORPTRAN 1V v0Z.S-2 Thu 03-Dec-81 02:21:4% FAGE 002

1043 SEQ(R)=.SEG:

to44 SEQ(9)=i3EaT

2045 OPEN(UNIT=2, NAME=SEG, TYPE="0LD ', CARRIAGECONTROL= LIST .

o048 SEQi{S1="106

2047 SEQig =" 122

2048 SEQ!TY="116E

2043 OPEN{UNIT=1.NAME=SEQ, TTPE="0OLD . CARPIACECONTSOL="LIST .

0CS5¢C 2@ 3., lELE=!,18

JCE1L NAMECIELE, 1 =0

00s2 NAME(IELE, 2! =

005z 3 CONTINVUE

0C%4 IELE=1

55 < PEAT (1, 1008. END=4) NAME 1, NAME2

Q0%8 1008 FCRMAT(42X, 2A1)

9JET IFINAMEL.EC NAME(IELE, 1).AND,NAMEZ2.EQ.NAME'ELZ,2)C0 T2 S

0:59 NAMECIELE, {1 =NAME}

J0&80 NAME ! TELE, 2)=NAME2

02¢1 IELE=[ELE+:

2082 30 TO S

0563 4 CHR="-

Z0e4 WNRITE (8, {203 )ENHANC, (CHR, KCUNT=1,50)

GOeT 100S FOPMAT: 1 ,Al,1EX. Caticnms // 49X, - By lrcuztive: s
1 Coupied Argon Plasma Emission 5Spectroscony ///4X, ELEMENT .
23X, CCONC./ WEIGHT , 3X, "STD., DEV. ,3X, "CQEFF. OF VAR, , 3%,
3'CONC./ BOAPD APEA /4X,7TAL,3X, 1241,3%X. 3A1,3X. 14AL. 23X, {7ALY

0066 TOTALI=D

QL6867 TOTAL2=0

0068 READ(2, 1006, END=2) ( IDSTR(KOUNT), LOUNT=1, 47)

2069 1026 FOPMATI(LX, 4TAL)

0070 IFCIDETR(ZY).NE. "A)CO TO

o722 DO &, IELEKT=1. IELE

QQrz (F{NAME(IELEFT, 1..EQ. IDSTR(7) . AND.NAME { IELEXT, 2;,EZ. IDSTR 2
120TO ¢

0C~ s & CONTINUE

CCre CALL SUESTR(IDSTP, DATA, 2!, 2)

2077 DATA(1)=DATA(S"

2673 DATA(2)="%&

ca7s DECODE(&, 1022, DATA)RCONC

D080 t1CZ2 FOPMAT(FE.O:

2081 BDCONC=RCONC#CONET

00gz2 TCTALL1=TOTAL1+BDCCNC

0083 WFITE(E, 1007 (IDSTR(EQUNT), KOUNT=7,8;. {IDSTR ¥ CUNT, .} QUNT=ZZ, 2€
1, (IDSTRAFOUNT YV  FOUNT=32, 37), (IDSTR(EIJUNT . ¥CUNT=42, 46, ELCONC

0034 1007 FCORMAT('0°.SX,2A1,7X.TAL, 1X, "PPE 23X, +/- ,6A7X SAL. 2. 2,
16X, F8,3, 1X, 'Jg/sq- cm )

0C8s GO TG :

co36e 2 CLOSE(UNIT=2)

0087 PEWIND !

00828 WRITE«€, 1012 ENmANC, TR, FGUNT=1,&D}

0083 1012 FORPMAT(/ /' ,Al, 16X, Zatizns //13X, - Ev Sraohite Turnzce
I Atomic Abscrptiorn Scactrozcopy // /4%, CIMENT 7. CONC.s WE!D
2GHT , 3X. STD. DT, 3X, COEFF. OF VAR. .Ia, ICNC. 3ZOAFI APEZ-
3747, TAL, 3X, 13AL, X, 9A L, 3X, L3AL, 3X, 1TA:

0030 & PEAD*1.101%, END=9 TYFE, STAT, CV. CINC, ELEWNT
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FOPTRAN [V i32.5-2 The 03-Dec-81 02:21:45 PAGE 00z

OC31  1i13 FCPMATO.X,»i, I1SYX,ALEX FS.2,EX,F6. 21X, A2

ce3z2 IT{T:FEJE2. 7/ GO TC 3

0234 IF'STAT.EQ E ,CVv=100.0

2oEe S2=.01«IValIAD

L IF . ZTAT.EZ, E H1ZD=10230.0

1333 2OCINZ=CONC#CONSET

Y1al TOTAL:=TOTAL1+EDCONTC

BV WPITZ/S, . 714 YZ_EMNT, CONC, €D, CV. EDCCNC

2102 V214 FORMAT ! "0 L,SXLAZ,TXVFTL 0014 "PREB 323X T4/ - S, FE L TXC TSV E
iXe 2 L BX,F2.0 3, Xy “ug/s5g3.eem )

210z GJ TC <

2104 3 CLOSE/UNIT=L:

0172 WRITE:E. 1203 :ENHENC, (THP, KOUNT=1,E0)

JULIE 1213 FIPMATC o AL TR Amrons ' / /23X, 7 - By Iza Zaromatograony
v/ <X, SRZCIES , 32X, "CONC. /7 JEICGHT , 3X, 'STL. DEV. , 23X, CQOEFF.
2 OF AP, . 23X, "TINC., EOARD AREA /74X, 7AL, 3X. 1341, 32X, TAL, X,
S14A1, 34X, LTAL)

TicT 3B =11

G108 SEGIE =123

109 SEZ T.=711¢

Tiin CRIN(UNIT=L, NAYE=CSEL. TTYPE= OLD ", CAFPIAGECONTPOL= LI3T

[ S ] FEAD(L. 12027, END=11) ICSPEC, T:PE, CONC. 3D, CV

PR 1023 FOSMAT A4, 11X, 31,24, F10.1,4X,F10.2,4X,FL10..3)

Til3 IF'THRFEWNE. A .GC T2 10

TaiE EBoCQNC=CDiC#CONET

ci16 TCTALZ=TOTAL2+EICONC

R WPITE(&, 1021 ICSPEC, CONC, 5D, CV, ZDCONC

3118 102! FORMAT( Q0 ,SX,Ad4,2X,F19.0,1X, PPR".3X. +/- .FBR.1,50.F 7. 2.XK
t 4 LeXLF3, 301X, "ug/sc.em’)

T1ie GC TO 1T

3120 1t WPITE{(=, {30 ENHANC, ENHANC, TOTALL, TOTALZ, TOTALLI+TOTAL2

2121 1S5S0 FOPMAT/ /.0 yAL, LIX, TOTAL CONTAMINANTE / Thhiy Ll X, - ----
e i s 0°,18X, "Total! Cationic Specias = ,F3.3, "X,
Z2ug/sc.em /707, 18X, "Total Anioric Species = ,F3.3,.1¥, ug.
3sc.cm FA4X, Tmee--m-s 4007, 35X, TOTAL =", F9. 3, 1X, ug-sc.em’)

122 CALL MOVCUR(13, &)

.27 CALL ERPAZEL(D:

012~ CoLlil MOWCUR 24, 1)

PR CALL "OVCUR(LLILE

B ) Ti=E .102

JUZT 1123 FOEMATU +DONE )

1z8 CALL MOVCUR(24, {1

J1Z23 CLOSE/UNIT=6)

2030 PETUFN

A ENL
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Martin Marietta Aerospace will implement the C/P data base into the
PWB Manufacturing Facility at Ocala, Florida. A1l Martin Marietta
programs involving PWBs/PWAs will be affected.
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I~

Characterize various fluxes, both rosin-based and water-soluble,
using the chromatograph. Build up a master chromatogram for each
kind of flux.

Interface the chromatograph into the C/P system.

& jw

Simplify the sample handling procedure. This can be done by
constructing special hardware interfaces (PWAs) to simulate the
ICP-5000 Autosampler keyboard. This will place the ICP-5000
Autosamplers directly under control of the minicomputer.

jon

Optimize the metallic element detection. This will involve in-
vestigating the torch signal to noise ratio and optimizing the
signal. Improved standards for the C/P system will also be
sought.

jon

The Extraction Tank/Pumping unit will also be completely inte-
grated into the C/P system and brought under the control of the
minicomputer. This will also require a special hardware inter-
face (PWA) and relays.

Phase 1V Establish C/P Data Base

1 Design the C/P data base. This will involve examining the data

~ content and from that defining the corresponding data structure.
Software decision points will be determined and a functional
specification created for the data base. Field service data will
also be incorporated into the data base.

I~

The C/P data base will then be proved out. This will include an
jteration procedure entailing software modification and revision
of the data structure if necessary. The data structure will be
set up so direct integration with a yet larger data base encom-
passing the entire PW manufacturing area can be easily
accomplished.

Document the entire C/P data base. This documentation will be-
come part of the final technical report (FTR) and include all
system designs, flowcharts, software coding, etc. This will be
especially relevant for integrating this data base into a larger
one.

jw

6.4 THE BENEFITS

The end product of this program will be an implemented data base
designed to reduce to a minimum both PW failures in process and latent
fatlures after assembly/conformal coating due to residual surface contam-
ination. This data base will be designed and generated withthe further
goal in mind of integrating into a more comprehensive data base covering
the entire PW manufacturing area.

A

ala a8 A a4
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3 Using samples drawn from each test lot of PWBs on which a known '
amount of contaminant has been induced, verify that the induced
level is what it is supposed to be. The C/P system can be used
for this purpose.
4 Perform the known generic tests on the test PWBs having a fixed
amount of contaminant species. These generic tests include: N
a Insulation resistance (IR)
b  Temperature/humidity cycling (vesication)
¢ Extract resistivity/conductivity test. \
5 A1l data generated from these tests will be used to build up the
~ C/P data base.
Stage 2
1 Profile key PW manufacturing stages for contaminant species using )

the C/P system. The key manufacturing stages will be:

a Drill, deburr, chemical and mechanical clean

b Electroless plate .

¢ Apply resist, develop image, electrolytic plate, strip resist '

d Etch image

e Solder reflow .

f Route to size '

g Mount components

h  Flux/solder.

Cleaned PWBs will be used as control. ’ 1

2 Perform the known state-of-the-art for detecting contaminants on
PWBs as a comparison with the C/P system.

3 A1l data generated from these tests will be used to build up the ]
C/P data base. ’

Phase 111 Optimize C/P System

1 Procure a chromatograph system to be incorporated into the o
C/P system. The chromatograph will be carefully chosen for ease o
of integration into the C/P system. )
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Phase I Control Manufactured Test Printed Wiring Boards

1 Select the appropriate artwork to generate at least four (4)
different component configurations and different line width/line
spacings.

(LN

Manufacture test PWBs. Select eight (8) critical process points
after which representative samples of each configuration will be
checked for contaminant species using the C/P system. These
eight points are:

a Drill, deburr, chemical and mechanical clean

b Electroless plate ]
€ Apply resist, develop image, electrolyte plate, strip resist

d Etch image

e Solder reflow

f Route to size )
g  Mount components

h  Flux/solder.

|w

Test PWBs will also be used to establish meaningful limits for
each contaminant species based on a comparison between the major
generic tests such as insulation resistance and temperature/
humidity cycling and C/P.

Phase 11 Test Manufactured Printed Wire Boards and Generate Data

This testing phase will involve two distinct stages (conceptually,
not temporally). They are:

Stage 1

1 Establish the baseline cleanliness of the test PWBs. This will ’
~ be done by controlled cleaning of all test PWBs followed by pro- :
filing for remaining contaminant species using the C/P system. -
Since the C/P system can detect species in the ppb range, it

should be very effective for this purpose.

Induce a controlled amount of each contaminant species on the
surface of representative PWB samples. This can be accomplished 4
using a spray gun technique to apply a fine mist solution of the
contaminant species and allowing the solution to dry.

L)

oal e
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11 Aluminum, Al

12 1Iron, Fe

13 Magnesium, Mg
14 Nickel, Ni
15 Gold, Au.

The purpose of the IC is to detect and quantify (profile) the
following species:

|

Fluoride, F—
Chloride, C1—
2

I~

|w

Sulfate, SO

Phosphate, Poi'

| &=

Bromide, Br—

v (o

Mitrate, NO—
3

|~

Nitrite, NO—.
2

6.2 THE SCLUTINM

Design and construct a C/P data base for future comparisons and
establishing true statistical confidence 1imits for each contaminant
species. Meaningful cutoff 1imits for each contaminant species will be
established and verified. This data base shall be so constructed so that
it can be interfaced with one yet larger more comprehensive encompassing
the entire PW manufacturing area. It is expected that the C/P data base
will lead to the elimination of generic testing. Future PW field
reliability will be statistically predictable within prescribed
confidence limits.

6.3 THE APPPOACEH

The approach will consist of several distinctive phases, some of
which will occur concomitantly.
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f. HGA-500 Graphite Furnace

g. Graphite Furnace Control Unit

h. AS-40 Autosampler (for furnace) + Control unit

i. AS-50 Autosampler (for torch) + Control Unit

j. PR-80 Printer {1ine printer)

One (1) ion chromatograph (IC) (Dionex Autolon™ System 12
Analyzer). This can be considered a quasi-subsystem since it can
be decomposed into subunits. It is not, however, under the
immediate control of its own microprocessor as the ICP-5000 is.
a. IC Autosampler

b. Computing Integrator (Spectra Physics Model SP 4100).

Minicomputer (Digital Electronic Corp. MINC-11, a PDP-11/03) with
hardware modules for running laboratory equipment.

a. Vvoy
b. Keyboard
c. Disks (floppy).

The purpose of the ICP-5000 subsystem is to detect and quantify
(profile) the following metallic and quasi-metallic elements:

-
S 10 |0 1~ 1o |0 & |w N |

Lead, Pb

Tin, Sn
Copper, Cu
Calcium, Ca
Sodium, Na
Potassium, K
Chromium, Cr
Zinc, In
Palladium, Pd
Silicon, Si
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6.0 FINAL RECOMMENDATIONS: ESTABLISHMENT OF A CONTAMINANT PROFILING
DATA BASE FOR PRINTED WIRING BOARDS AND ASSEMBLIES

To'comp1ete1y eliminate generic testing and to establish contaminant
profiling on a sound footing, a contaminant profiling data base should be
established.

6.1 THE PROBLE!

Contaminant profiling (C/P) truly represents a quantum leap in the
state-of-the-art in detecting and quantifying printed wiring (PW) surface
contamination. It permits identification of individual contaminant spe-
cies and the quantification of the level of each species. Current meth-
odologies are generic only and do not permit this. The quantity of each
contaminant species can be expressed either in parts-per-biliion (ppb) or
in micrograms per square centimeter of PW surface (ug/cm?). However,
what is required is to 1ink the presence and amount of each species on
the PW surface to PW degradation. A rigorous testing and evaluation
schedule in which the contribution to degradation and the concominant
threshold 1imits of each contaminant species must be established for dif-
ferent PW configurations, packaging densities, and component types. The
data generated from this testing and evaluation phase can then be used to
build a data base for C/P.

To gain some perspective into the present system, it is appropriate
to discuss its main features. Several of the.contaminant profiling (C/P)
system components can be regarded as systems in their own rights since
they can be further decomposed or broken down into a number of distinct
subcomponents. Since the C/P system minicomputer is the best computer
for the entire C/P system, the other components are, properly speaking,
subsystems. These are:

1 One (1) inductively-coupied plasma (ICP) spectrophotometer
(Perkin-Elmer ICP-5000). The ICP-5000 is a true C/P subsystem Lol
since it can be decomposed into distinct subunits. S

\

a. Model 5000 Spectrophotometer
b. ICP Source (torch) T
¢. Optical Interface between a. and b.

d. RF Power Supply

PP O WP L

e. Data Station (6800 microcomputer) ' -
1. Video display unit (VDU)
2. Keyboard
3. Disks (floppy)
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To compute the cost savings, we assume that 35 percent of the
projected total yearly losses are due to residual surface contamination
and that the C/P system as it now stands will aid in cutting this figure
by 60 percent. This gives a A of $1,011,702.

The contaminant profiling system cost $460,000. This amounts to
$46,000 over a ten year period. Therefore, the projected total yearly
loss due to residual contamination must be modified by this figure. The
corrected figure becomes:

4 = $965,702.

This figure is used to calculate the savings expected per PWA using the
C/P system.

Projected Total Yearly Loss - Residual Contamination (Average):

DS (double-sided) $ 52,044
FC (flexible circuit) 538,807
ML (multilayer) 612,838
RF (rigid-flex) 482,481

TOTAL $1,686,170

Projected Total Yearly Loss - Residual Contamination (Average)
Using the C/P System:

DS (double-sided) $ 20,818
FC (flexible circuit) 215,523
ML (multilayer) 245,135
RF (rigid-flex) $ 192,992
TOTAL $ 674,468 = $1,011,702

Projected Total Yearly Cost (Average)

not using C/P System: $16,046,980

Projected Total Yearly Cost (Average)

using C/P System: $15,081,278
DIFFERENCE: $ 965,702

Average cost of a PWA using the C/P System = $76.444 ($15,081,278/
197,285)

IR
PR S S
A .
o e ‘e e g

A using C/P System = $4.895/PWA ($81.339 - 76.444)
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5.0 COST/BENEFIT ANALYSIS

A cost/benefit analysis shows it is economically advantageous to use
the Contaminant Profiling System.

One of the chief purposes for developing the contaminant profiling
(C/P) system was to lower the overall cost of producing printed wiring
assemblies (PWAs). It is appropriate to compute the cost savings (A)
for each PWA produced.

To compute the cost savings for each PWA produced, yield factors and
normal production allowance factor obtained from Martin Marietta
Aerospace's Ocala Facility were used. Since the C/P system is estimated
to have a working 1ife of ten years, production costs and the number of
PWAs produced were averaged over a ten year period. The baseline figures
to obtain the averages were this year's production figures coupled with a
projected linear growth pattern of 20 percent per year.

Projected Total Yearly Loss (Average):

DS (double-sided) $ 148,698
FC (flexible circuit) 1,539,448
ML (multilayer) 1,750,966
RF (rigid-flex) 1,378,518

TOTAL $4,817,630

Projected Total Yearly Cost {Average):

DS (double-sided) $ 495,296
FC (flexible circuit) 5,127,734
ML (multilayer) 5,832,266
RF (rigid-flex) $4,591,684
TOTAL 816,046,98Q_

Projected Total Number of PWAs Produced (Average):

DS (double-sided) 86,806
FC (flexible circuit) 23,674
ML (multilayer) 78,914
RF (rigid-flex) 7,851
TOTAL 197,285
Average cost of a PHA = $ 81.339 ($16,046,980/

197,285)
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2002
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0008
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0Cc12
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FCFTRAN

o
<

)

I/

P » T —

v3i2.5-2 Thu 33-Dec-8! 02:43:36 PAGE

SUERCUTINE HEARIC.IUNIT, IFLAG, HEARS!
BITE -EARS23}

CALL ZLRSTR(HEARS)

INDEX=.
IFLAG=MTIN: IUNIT, HEARS ( INDEX))
IF:IF_LAG,CGT.92.AND. INDEX.,EQ. 1 YRETURN
IF/IFLAG.GT.0)50 TO 1

IF(,NOT. (HEARS(INDEX) .EQ.,10.AND. INDEX.EQ.,1)50 TC SO
IFLAG=1

HEAPS: 1120

RETUR™

IF(HEARS(INDEX) WNEL12)CO TO 2

REARS{ INDEX) =0

PETUPR

IF(INDEX. 37.82)FPETURN

INDEX=INTEX+1

GG TO &

END
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FORTRAN 1V v02,.5-2 Tru 03-Dec-81 02:24:49 PAGE 0CZ
0054 IF(rOLD1.EQ. { JRETURN
ScSe IF(INSTR{1'.NE, P .OR. INSTR{2).NE. "E }PETURN
1058 CALL MOVCUFR(9,46)
: ¢Cs9 CALL ATTRIE(C)
- TJED TYPE 1208
y 3053 1008 FORMAT! +ACTIVE )
- Gl82 CALL MOYCUR{24.:. _
: D0EZ SEC:Si="11.
l; - SEQ(3)="1(3
- 0TES SEQ(7i="_10
0066 SEQ(8)=15E@N!I
- 0067 SE@(9:=1SEQN2
1 0068 OPEN{UNIT=2, NAME=SERQ, TYPE="NEW', CAPRIAGECONTSGL= LIST )
2268 CALL MOVCURi13,6)
0070 CALL ERASEL(D) -
oo CALL MOVCJR(Z4,1)
3072 TYPE :00:
CIr3 1003 FOPM2T(  Tre iC 15 ready for cperatior., - Set IC to AJTO ars
1 press START. /!
cor4 IPQS=2 o
cors RETURN s
TOTB  Z03  CALL HEARIC(!,HOLD1, INSTR) K
00T IF{HOLI1.NE, 0)RETURN
3079 IFUINSTR(L . NE, 'D'.OR, INSTR(2).NE, A°)GO TO 2:0 B
0681 REPL:="G~ "
B ES CALL MTPRNT{ 1, REPLY) -
0083 GC TO 200 '
0084 210 IFUINSTR(1:.EQ. E .AND.INSTR(Z).EQ, N’)30 TO 299
GosE WRITE 8,:305)INSTR -
£08T 100T FORMAT(§3A1) -
208¢g RETUPN -.
90239 299  CLOSE''.NIT=8) :
203940 IER=MTDTCHI 1)
g iPOS=3
ocaz CALL MOVCUR(3, 461
0033 TYPE 1010
0294 1012 FOPMAT! +FINISHED )
opok-1t CALL MIVCUP‘24, 1)
2096 RETUPN -
2097 300 RETUPN
s098 END
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FORPTPAN IV V22.5-2 Thu (03%-Dec-81 02:24:49 PACE 00!

000G SUEBROJTINE ION(ISE@RMN1, ISEQNZ, IPDOS)

€ooz BYTE INSTR¢83:,C0UTS TR{83),SEQ(14), REPLr,EEGIN(13),END!S)

Q00% DATA SEG/".C4,"131,"61,"72,0,0,0,0,0,"S6, 124, "10:, "123,0/

0024 DATA BEGIN/"27, "40, 102, "105, "107, "1i1, " {16, 42, 111, ":03,
142, 40,0/

0005 DATA END/"37,"10%,7" 1.8, "104,0/

03398 GO Tv ¢100,20¢5,300,10,50:,1P0S

0ICc¥ 100 CAL. MOVCUR(24, 1)

oco8 TTYPE 1000

0009 1000 FORMAT( %$Does the SP-4100 require program Icading .1/N !

¢cio ACCEPT 100:., REPLY

00!l 1001 FORMAT(AL)

001z IF(REPLY.NE, "Y")CO TO 199

J0:i4 T1PE 19C2

€015 1002 FOPMAT(/ FEeady to i2ad orogram into she IC-SP410C. Recgtar:s
1 82-4100.°/" Or the SP-4100 Keyboard, t.oe EBAUD12(0:IV=2

PUGT T LOADTICT )

00:6 IPC=z=4

[oX o B RN CALL HIZIARIC({1,HOLDL, INETR)

0013 IF . HOLDi.EG, { YRETUEN

Q0z0 IF{INSTROOYVNE, G 0%, INSTR{2).,NE, C )RETUPN

0622 CALL MIVCURP(9,48)

002z CALL ATTRIE(Q)

0G24 TYPE 1906

002 1006 FORMATI( +LCADIGC )

0026 CALL MOVZURI(13,6)

0027 CALL ATTRIB(S)

c028 TTPE 1007

3029 1007 FORMAT! +lLoadinmg BAES! inty 3P-4100"

C030 CALL ATTFIR(0)

0C3. CALL MOVCUFR (24, 1)

0c3Zz OPEN/UNIT=8,NAME="SY:1ICPROG.LST » TTPE= JLI .CARFIAGECONTROL
i= LiST

003z CALL MTPPNT(1,EEGIN:

Coz4 2 CALL CLRSTR!{INSTR)

0033 =EAD(8, 1004, END=4)NZHRS, ( INSTR(FOUNT, KOUNT=", NIHRE "

GC36 1004 FOPMATI(Z,23A!)

00z7 CALL. MTPENT({, INSTR?

0038 GoTI Z

0023 4 CALL MTPPNT (1, END)

040 CLOSE‘'UNIT=8)

0041 205 CALL MOVCUR(172,6)

0042 CALL EPASEL(Q)

0043 CALL ATTRIE(S)

0044 TWPE 10729

004% 1009 FORPMAT( +lnitiaiizing SP-4100")

Q048 CALL ATT#IZ(0)

2047 CALL MCVCUR(24.C)

€048 CALL MTERNT(L, PUNL )

0043 GO TO S0l

0050 139 TYFE 1020

0021 1020 FOPMAT{" On the SP-410C Kevboard, tyce Fodis « /:

0052 SCO IPC3=5

0053 SO CAaLL HEARPIC(:,HCLDL, [NSTR)
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APPENDIX 1
A FEW WORDS ABOUT SOLVENTS

The electronics industry still relies heavily on solvents. They are
used to degrease printed wiring (PW) panels before processing, and they
are frequently used to decontaminate PW assemblies immediately after the
flux/soldering operation.

The chief purpose of a solvent after soldering is to remove all
residual fluxes, any wax used during the process, and standoff materials
(solvent soluble). The materials which the solvent is required to remove
can be of quite different chemical nature. Fluxes, especially activated
ones, contain polar and ionizable organic molecules as well as nonpolar
organics. Further, activated fluxes will contain highly ionizable mate-
rial in the form of activators such as diethylamine hydrochloride. The
action of fluxes can also result in the formation of heavy metal chlori-
des. For example, the following reaction probably takes place:

c1— c1—
Cu0 Segivator> CUC10  seevater® CUCl;

That is, the reaction of flux with activators results in oxychlorides and
chliorides. These latter are ionizable.

It is especially important to remove jonic and ionizable residues
since their presence on PW will degrade the electronic properties and
often lead to corrosion. It has been proposed that the threshold limit
for ionic material is 1 microgram of sodium chloride (NaCl) or equivalent
per square centimeter of board area, i.e., 1.0 pg NaCl or
equ1va1ent/cm2.1

To remove ionic and ionizable residues, especially those contaminat-
ing electronic assemblies after the flux/soldering operation, the solvent
should preferably be a system composed of several different molecular
constituents.2 For practical purposes an azeotrope is best.

An azeotrope is a mixture of mutually miscible molecular species.
Although a mixture, an azeotrope has several properties resembling that
of a pure compound. For instance, at constant pressure it will have a
constant composition, one of the distinguishing hallmarks of a true
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compound. Also, at constant pressure it has a definite fixed boiling

point, 1ike a pure compound. If the pressure is not changed, it is o

g?y::$$11y impossible to separate the components of an aze otrope, say by -
] ation. b -

For example, at atmospheric pressure (P = 760 mmHg) the binary azeo-
trope of ethanol (CoHgOH) and water has a constant composition by
weight of 95.57 percent ethanol and 4.43 percent water and a fixed, defi- o
nite boiling point of 78.2°C (172.8°F). As long as the pressure is not -
varied, water cannot be separated from the alcohol in this azeotrope by
such physical means as distillation. If one attempts to distill a given
amount of this azeotrope, one will find that it boils at 78.2°C and that
the distillate possesses the same identical composition to the liquid
being distilled and will also boil at exactly the same temperature, like
a gure compound. Only if the total pressure to which the azeotrope is
subjected is changed can the boiling point and the composition be
changed, thus proving that an azeotrope is really not one pure compound
but a unique mixture of several different compounds. Normally, during PW
manufacturing no attempt is made to manipulate the total pressure of ghe
azeotrope system which is that of ambient. Therefore, under such condi-
tions an azeotro¥e system should possess a fixed composition and a fixed
boi]in? point. The distillate of such a system should be easily recon-
densable to the original azeotrope.

But the fact that a solvent system is an azeotrope does not neces-
sarily ensure that it is a good solvent system for PW manufacturing.
Recall that the solvent system must be capable of removing different
kinds of chemical species, the most important being ionic and ionizable
species. The fact that a system is an azeotrope merely ensures constant _
physical properties. One of the molecular constituents of the azeotrope v
should be a polar material also capable of exerting hydrogen bonding and .
possessing a dielectric constant >20.

It is appropriate to ask at this point: What is a polar solvent?
The answer to this question rests upon the definition of “polar." One
definition of "polar" is this. Polar material is one whose m~lecules
possess a finite, nonzero, permanent dipole moment. For a molecule to
have a permanent dipole moment, it must meet two criteria, viz.:

1 It must have polar bonds

2 The polar bonds must be distributed asymmetrically throughout the
molecule.

Let us consider several examples. A bond will be polar {f there
exists an unequal distribution of electron density between the two atoms
making up the bond, and this will occur if the two atoms differ greatly
in their ability to attract electrons. For example, carbon dioxide,
€02, is composed of two polar bonds which we can represent thus:

o=t =¥,
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The direction of the arrows gives the direction the electrons are pulled
in. Thus between each oxygen atom and the carbon there is a partial
separation of charge. But carbon dioxide is a perfectly symmetrical
molecule. A1l three atoms making it up 1ie along a straight line, and
since polar bonds act like vector quantities, the polarity of one bond
perfectly cancels that of the other. The result is that carbon dioxide
has a zero dipole moment even though it has two polar bonds. The case of
carbon tetrafluoride, CFs, is another interesting example. This mole-
cule has four polar bonds, for the electronegativity (ability to attract
electrons) of fluorine is much greater than that of carbon. The mole-
cule, however, possesses perfect tetrahedral symmetry, and it is possible
to show that the vector sum of all four polar bonds is again zero. Thus
the molecule possesses a zero dipole moment. Water, H20, also pos-
sesses two polar bonds. But water is an asymmetrical molecule. The two
polar bonds do not completely cancel each other. Water has a permanent
dipole moment of 1.84 x 10-18 e.s.u. x cm or 1.84 Debyes.

NS /N
H H S+ HE+

Figure 1. Water has a permanent dipole moment, i.e.,
unequal electron distribution.

The dipole moment of a molecule is usually measured in the gas phase. In
Table 1 are given the dipole moments of some common solvents used in the
electronics industry.

Table 1
Substance Dipole Moment, p, in Debyes

Water Hy0 1.84
1,1,1-Trichloroethane CC13CH3 1.77
Methylene Chloride CHaCl; 1.54
Methanol CH30H 1.70
Ethanol CHgOH 1.69
1-Propanol CH3CHaCHoOH 1.68
2-Propanol CH3CHOHCH3 1.66
1,1,2-Trichloro-2,2,1-

trifluoroethane CC1,FCC1F, 0.98
Perchloroethylene CC12CC12 0

Carbon tetrafluoride CFa 0




Besides the dipole moment of a molecule, the dielectric constant is
also of great importance. The dielectric constant is a distinguishing
characteristic of a bulk amount of material. It can be defined in
several ways. Theoretically, the dielectric constant of a material is
the ratio of the electric permittivity, € , of the material to the elec-
tric permittivitg in vacuo €g, i.e., D (dielectric
constant) =€/€;.° "Therefore, D is unitless.

For practical purposes, the dielectric constant is defined as the
ratio of the capacitance of a parallel-plate capacitor filled with the
dielectric material in question to the capacitance of the capacitor where
air is the dielectric.? This is possible since D = 1.0000 for a vacuum
while D = 1.0006 for air. The dielectric constant is a measure of the
ability of a dielectric material to store energy when exposed to an
electrostatic field. It is easy to show that the energy density of an
electric field for a parallel-plate capacitor with a dielectric filling
the space must be D times the energy density of the field in vacuo.>
See Table 2 for the dielectric constants of some common solvents used in
the electronics industry.

Table 2
Substance Dipole Constant, D, at 25°C
Water Hp0 78.5
Methano} CH30H 32.6
Ethanol C2HgO0H 24.3
1-Propanol CH3CHoCH20H 20.1
2-Propanol CH3CHOHCH3 18.3
Methylene Chloride CHyCl, 9.1
1,1,1-Trichloroethane CC13CH3 7.5

O
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Table 2 (Continued)

Substance Dipole Constant, D, at 25°C
Trichloroethylene CCI>CHCI 3.4 (16°C)
1,1,2-Trichloroe-2,2,1-
trifluoroethane CC12FCC1F2 2.4 K
Perchloroethylene CC12CCl2 2.2 -
Carbon tetrafluoride CFg 1.0 (vapor at

0.5 atm)

Since the dielectric constant is a measure of a material's ability
to store electrostatic energy, this also implies that the electrostatic
force of attraction between two charged particles will be less in a
dielectric material than in vacuo. Further, the greater the dielectric
constant of the material, the Tess the force, all else being equal. For
example, consider the Coulobmic attraction between a sodium ion and a
chloride ion at a distance apart of 20 A (2 x 10-7 cm) in:

1 1,1,1 trichloroethane
’ Z ethanol
3 water.

Coulomb's law states that the force of attraction {or repulsion) between
two charges is: F = (1/4T&) qq'/r2 where q and q' denote the ‘
magnitude of the charges and r is the distance between them. Since -
] €= D€, we have F = (1/4MDe€y)aq'/re. 1n vacuo the Coulombic force :
between a sodium jon and a chloride ion at a distance of 20 A is:
F=(1/4,)qq'/ré = 5.72 x 10-6 dyne. In_1.1,1-trichloroethane
this force is 5.76 x 10-6/7.5 = 7.68 x 10-7 dyng. In ethanol
it is 2.37 x 10~/ dyne, and in water 0.73 x 10~/ dyne. That
i{s, the force between the two ions in ethanol is about 1/3 of what it is
i in 1,1,1-trichloroethane and in water it is about 1/10 of what it is in
1,1,1-trichloroethane. A high dielectric constant, then, will ensure
that the force of attraction between two ions will be less than what it
would be if the dielectric constant were low (D = 1 for vacuum).
Further, the fact that a molecule possesses a high dipole moment does not
necessarily mean that a bulk amount of its liquid will have a high
dielectric constant. The relationship between the two is rather
) complicated.® 1,1,1-Trichloroethane is a case in point. 1Its dipole
moment, 1.77 Debyes, is comparable to that of water, 1.84, but its
dielectric constant, 7.5, is quite small compared to that of water,
78.5.
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Some solvent chemists consider solvents with a high dielectric con-
stant as "polar" solvents. Solvents with a lTow dielectric constant are
then classified as "nonpolar."/ The gutoff point for the dielectric
constant is generally taken to be 30.° Thus, by this definition sol-
vents with a dielectric constant >30 are classified as polar whereas
those whose dielectric constant <30 are classified as nonpolar. Going
back to Table 2 the only liquids in that table considered polar by this
definition are water and methanol. A1l others would be classified as
nonpolar,

This distinction is not as useful as one would think. Many solvent
chemists today also distinguish between protic and aprotic solvents.9
Protic solvents are those that contain hydrogen which can either enter
into hydrogen bonding or be donated (Bronsted acid). Many members of
this class are also amphiprotic, i.e., they are capable of autoproto-
lysis. For example, the antoprotolysis of methanol proceeds as follows:
CH30H + CH30H CH30HF + CH30—. ~Aprotic solvents, although
they may contain hydrogen atoms, have no hydrogen atoms which may enter
into hydrogen bonding or be donated. Aprotic solvents having high
dielectric constants, such as DMF (N,N-dimethylformamide, D = 36.7) are
sometimes referred to as dipolar aprotic solvents.

It is instructive to contrast a dipolar aprotic solvent such as DMF
(D = 36.7) with a polar protic solvent such as methanol (D = 32.6). Both
have about the same dielectric constant. Both reduce the Coulombic
attraction between ions, it also solvates the ions. That is, the hydro-
gen atom on the alcoholic portion of the molecule (-OH) enters into hy-
drogen bonding with the fons. The jons are then said to be solvated.
This hydrogen-bonding interaction between ions and solvent molecules
helps to stabilize the ions, tending to prevent ion association and ion
pairing within the solvent.10 For this reason protic solvents with T
fairly high dielectric constants (D >20) are best in dissolving fonic and A

ionizable residues left on the PW surface after flux/soldering. j-,iI}
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Figure 2 . (a) Solvation of C1” ions by l-propanol molecuies, (b) solvation
of C1 by 2-propanol molecules. The .... bond denotes a hydrogen bond.
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It is important, then, that the solvent system used to remove ionic
material on PW and other electronic devices contain a protic component
capable of hydrogen bonding. If the first definition of polar is used,
i.e., a polar molecule {s one possessing a finite, nonzero, permanent
dipole moment, then the fact that it is polar alone is not a sufficient
condition for removing ionic contaminants, but merely a necessary one.

If the second definition of_polar is used, i.e., olar solvent is
whose d?efectr ¢ constant >38, tﬁen one of the mofegu1ar const1tuentgngf

the azerotrope should be capable of exerting hydrogen bonding (i.e., be
protic) and possess a dielectric constant >20. This latter material
will, in general, be very effective in dissolving ionic and ionizable
residues left on the PW surface after flux/soldering.

Generally, a lower molecular weight alcohol, such as methanol,
ethanol, or one of the proponols, has been chosen as the hydrogen bonding
component having a moderately high dielectric constant. Alcohols act
primarily through the mechanism of hydrogen bonding in solvating fonic
species. Even slight amounts of alcohols will radially alter the extent
of association of halide salts in low dielectric solvents.ll The
alcohol molecule interacts with fonic species forming on ion-dipole
attraction in which the alcoholic hydrogen plays a distinct role. For
halide anions, solvation increases in the order C1>Br—>I—. Solvation of
the cationic species is relatively independent of size. Solvation refers
to the surrounding of a solute species such as Cl— by a definite number
of solvent (protic) molecules. See Figure 2.

Regarding alcohols, primary alcohols such as methanol, ethanol, and
1-propanol are expected to hydrogen bond more effectively with ionic
species than secondary alcohols such as 2-propanol. The diminished
hydrogen-bonding ability of 2-propanol will result in less stabilization
for the s?1vent-separated ion pairs in this solvent than in the primary
alcohols.12 That the hydrogen bonding capacity is greater in
1-propanol than in 2-propanol is also evident from a comparison of their
boiling points.

Bp

1-propanol (n-propyl alcohol) 97.2°C (207.0°F)
2-propanol (isopropyl alcohol) 82.3°C (180.1°F)

In this discussion of solvents we saw that solvent systems which
were azeotropes offered distinct advantages. Further, for the purposes
of removing fonic contaminants one of the components should be a polar
species capable of hydrogen bonding.
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NOTES

See W. Bernard Wargotz, "Quantification of Contaminant Effects Upon
Electrical Behavior of Printed Wiring, "IPC Technical Paper,
September (1977), 13.

This paper will deal only with solvent systems. Aqueous cleaning
systems will not be addressed.

See F. Woodbridge Constant, Theoretical Physics, Volume 2 (Reading,
MA: Addison-Wesley, 1958), p.251.

For a parallel-plate capacitor filled with a dielectric whose
dielectric constant = D, the capacitance is C = €,DA/L where A is
the plate area and L is the distance between the plates. If air (or
better, vacuum) is between the plates, then C(air) =€&A/L.
Obviously, C/Clair) = D.

Constant, Theoretical Physics, Yolume 2, pp. 169 and 256.

The relationship is given by
[(D-1)/(D+2)](M/d) = constant + 6093.6 u2 /T

where M is the molecular weight of the substance in question, d its
density, and T the temperature in degrees Kelvin. See Samual H.
Maron and Carl F. Prutton, Principles of Physical Chemistry, 4th ed.
(New York: Macmillan, 19657, p. 697.

See E.J. King, "Acid-base Behavior," Chapter 3 in A.K. Covington and
T. Dickinson, eds. Physical Chemistry of Organic Solvent Systems
(London and New York: PTenum Press, 1973), p. 333.

Ibid., p. 333.

See A.K. Covington and T. Dickinson, "Introduction and Solvent
Properties,” Chapter 1 in ibid., p. 4.

See Roger G. Bates, "Medium Effects an pH in Nonaqueous Solvents,"
Chapter 2 in J.F. Coetzee and Calvin D. Ritchie, eds.,
Solute-Solvent Interactions (New York and London: Marcel Dekker,
1969), pp. S2ff.

See R.P. Taylor and 1.P. Kuntz, Jr., J. Am. Chem. Soc., 92 (1970),
4816. : -

See Sister Mary A. Matesich, John A. Nadas, and P. Fennell Evans,
J. Phys. Chem., 74 (1970), 4572.
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