AD=AQ83 201 AIR FORCE MATERIALS LAB WRIGHT=PATTERSON AFB OH F/6 7/4
DATA TREATMENT IN ELECTRON AND ION SPECTROSCOPY.(U)
DEC 79 W L BAUN

UNCLASSIFIED AFML~TR=79-4211 NL




2

122

i< 1

1= 128 h2s

[ 32

£ g

e
lie

MICROCOPY RESOLUTION TEST CHARIT
NATIONAL BUREMI (F STANDARDS (963 4




* ) s X oy . : - .- . )
Vo Sl S VIR TR SRR e SRSttt et
23 v
. T[ ¢ <
\ l AFML-TR-79-4211
i /
= Y,

|
i \ :
: \ i
! '3
o DATA TREATMENT IN ELECTRON AND ION SPECTROSCOPY g
N
; 9 W. L. BAUN '
N i "
" w Mechanics and Surface Interactions Branch
. c Nonmetallic Materials Division
3 <E
] r ~ (@)
<
i
. DECEMBER 1979
| DTIC
ELECTE
APR 2 1 1980
' TECHNICAL REPORT AFML-TR-79-4211 B
N Interim Report for period July 1977-July 1979
Approved for public release; distribution unlimited.
[]
e
P AIR FORCE MATERIALS LABORATORY
. - AIR FORCE WRIGHT AERONAUTICAL LABORATORIES
SN e AIR FORCE SYSTEMS COMMAND
(S WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433
s ' ' :
o e
C R 80 4 17 140

+ Oup . Teie . . S g vt i 8
-~ - . e - Lo R . ] ’- SR *M«:&A
+ e - SE———




NOTICE

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procurement

_operation, the United States Government thereby incurs no responsibility nor
any obligation whatsoever, and the fact that the Government may have formulated,

furnished, or in any way supplied the said drawings, specifications, or other
data, is not be be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporations, or conveying any rights or
permission to manufacture, use, or sell any patented invention that may in

any way be related thereto.

This report has been reviewed by the Information Office (0I) and is
releasable to the National Technical Information Service (WITS). At NTIS, it
will be available to the general public, including foreign nations.

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

I B S Toar-

WILLIAM L. BAUN, Project Engineer S. W. TSAI, Chief
Mechanics & Surface Interactions Br. Mechanics & Surface Interactions Br.
Nonmetallic Materials-Division Nonmetallic Materials Division

FOR THE COMMANDER

A —

J. KELBLE, Chief
Nomfietallic Materials Division

"If your address has changed, if you wish to be removed from our mailing list,

or if the addressee is no longer employed by your organization, please notify

HA;ML/MBM » W-PAFB, Ohio 45433 to help us maintain a current mailing
st”.

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

AIR FORCE/38780/31 March 1980 — 200




’ .
~ - S e . L - ) .-
L T I N T Ny i i e —

w T IV .. "
D B T

T——

UNCL ASSTFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
' READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE | BEFORE COMPLETING FORM

/ 2. GOVY ACCESSION NO. 3.)€B\PIENY'S CATALOG NUMBER

PO -
AFML-TR-79-42L1J D MB Z , !

Z Jul’77-dul’”79
’ L_.__. e - €. PERFO ]

PORT & PERIOD COVE

4. TITLE (and Subtitle)
: Interim Y ¢

RATA .TLREATMENT IN ELECTRON AND ,ION ;PECTROSCOPYO‘

o

rz‘ AuTuoﬂ(a)ﬁ o & o 8. CONTRACT OR GRANT NUMBER(s)
V‘ W. L./Baun \ Qj ‘__.,{ Inhouse Report

10. PROGRAM ELEMENT, PROJECT TASK

s, TORMI RGANIZATION NAME AND ADDRESS
PER7ZORMING ORGAN ONN N / AREA & WORK UNIT NUM

Air Force Materials Laboratory

11. CONTROLLING OFFICE NAME AND ADDRESS . PORT DATE e
Air Force Materials Laboratory (AFML/MBM) Dgcgnui.ggg7g
Air Force Wright Aeronautical Laboratories [1s:

Wright-Patterson Air Force Base, OH 45433 12

T4, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CL ASS. (of this eeport)

UNCLASSIFIED

154, DECLASSIFICATION DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thia Report)

Approved for public release; distribution unlimited.

P Y

-
H ‘7. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18 SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Surface Characterization AES XPS
Data Acquisition ISS Ions
Digital Methods SIMS Electrons

20. ANACT (Continue on reverse side If necensary end identily bv block number)

In order to fully utilize newly developed electron and ion surface
spectroscopies, the data from these methods must be treated carefully to
assure quality and clarity both during and after the experiment. Signal
conditioning during the experiment puts the data into proper form for recording
and may include steps for amplifying, digitizing, discriminating, modulating,
gating, transforming and filtering. In Auger Electron Spectroscopy (AES)
where modulation and synchronous detection methods are used, special tailored 1

DD ,5S™, 1473 €oimion OF 1 NOV 8% 15 0BSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered
. / - ‘ —
S

. BE
Air Force Systems Command % 04 » .
Wrijht-Patterson Air Force Base, OH 45433 Cz Ljé;__

Y A TR~ e morm, 1. e



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

v

waveform modulation may be necessary to minimize elemental profile artifacts.
Dynamic background subtraction, digital filtering and Fourier transforms
improve the signal to noise ratio and facilitate further data processing.

If possible, an entire spectrum should be digitally stored at each plotted
point on the elemental depth profile. Such spectral storage allows retrieval
and examination of the spectrum for peak shape changes or appearance of peaks
which were not expected to occur. A point which must be considered is that in
bulk spectroscopies we may accumulate signal for whatever period is necessary
to obtain desired counting statistics while in surface spectroscopies using an
jon beam (such as ISS and SIMS), the eroding surface is ever_ changing and only
a finite time is available for counting at a given depth. ;L\

Following data acquisition and-storage in digital form,\¥evera1 processing
steps may be used to enhance, simplify or otherwise make the data more useful
to the operator. These data presentation improvements include smoothing,
normalizing, differentiating, integrating and performing other mathematical
functions. An example of such a manipulation in AES is the integration of the
electron energy distribution curve dN(E)/dE which recovers the energy distri-
bution N(E). A second integration gives the original Auger electron current
which may in certain cases be more effectively used for quantitative purposes
than the usual peak to peak dN(E)/dE values. Subtraction methods may be used
to emphasize the -difference between a sample and standard or between a bulk
and a surface composition. Addition and subtraction of spectral features in
an interactive graphics system allows synthesis of any composition for
comparison with an unknown. Such methods also permit estimation of splotchy
surface coverage of thick or thin films.

Plotting subroutines produce high quality spectra and in addition simplify
great amounts of information and present it in the form of depth profiles,
histograms, or three dimensional plots which make the data more understandable
and clarify data trends.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




Mw&mwmwrmw‘ R

FOREWORD

This technical report was prepared by W. L. Baun of the Mechanics and
Surface Interactions Branch, Nonmetallic Materials Division, Air Force
Materials Laboratory. The work was initiated under Project 2419, "Nonmetallic
and Composite Materials" and WUD N;§§4$: "Improved Materials, Processes and
Life Prediction Methodology of Adhesive\Bonding" monitored by T. W. Haas.

This report covers work conducted inhouse during the period July 1977

through July 1979. It was published in Applied Surface Analysis, ASTM STP 699

1980, pp. 125-137.

DTIC

ELECTE
APR 2 1 1880

B

T. L. Barr and L. E. Davis, Eds., American Society for Testing and Materials,

NUS
00C

UNANNOUNCED D
JUSTIFICATION

ACCESSION for

White Section
Buff Sectica [0

8.
DISTRIBUTION AVAILABILITY

Dist.

AAIL and Zor_SPECL]

f

Y




ABSTRACT
PISCUSSION
REFERENCES

[
I B o S

R AR

i
3
5
‘

TABLE OF CONTENTS

PAGE

11




FIGURE

LIST OF ILLUSTRATIONS

Elemental depth profile using Auger electron spectrometry
on 2024 aluminum alloy.

Elemental depth profile using Auger electron spectrometry
on acid-etched 2024 aluminum alloy.

Data recording system for Auger electron spectrometry

Elemental depth profile using Auger electron spectrometry,
through aluminum oxide (A1203)on aluminum profiling artifact

w?s r?moved by tajlored modulation and integration of the
signal.

Ion yield curve structure from some indium compounds (from
Christianson and coworkers [9]).

Ion scattering spectrum of helium scattering from cobalt,
original and smoothed.

vi

.




&
H
E
f_‘
'?:.
3
Y
3
i
¥
K
¥

LIST OF TABLES

Combinations of data acquisitions and handling methods.

Comparison of analog and diqital data acquisition and
handling capabilities.

Checklist for selecting a data acquisition system
(after Kessler [15]).

vii

PAGE

12




&.l,

[ET——

iy ¥

W. L. Baun®

Data Treatment in Electron
and lon Spectroscopy

REFERENCE: Baun, W. L., “Data Treatment in Electron and lon Spectroscopy,”
Apphed Surface Analysis. ASTM STP 699, T. L. Barr and L. L. Davis, Lds., Amcrican
Society for Testing and Materials, 1980,

ABSTRACT: In order to utilize fully the newly devcloped electron and ion surface
spectroscopies, the data from these methods must be treated carcfully to assure qual-
ity and clarity both during and after the experiment. Signal conditioning during the
experiment puts the data into proper form for recording and may inctude sieps for
amplifying. digitizing, discriminating, modulating, gating, transforming, and filicring.

After the acquisition and storage of data in digital form, several processing steps
may be used to enhance, simplify, or otherwise make the data more uscful to the
operator. These data presentation improvements include smoothing. normalizing.
differentiating. integrating, and pcrforming other mathematical functions. An cxampie
of such a manipulation in Augcr electron spectroscopy (AES) is the integration of the
electron cnergy distribution curve, IN(E)/dE, which recovers the encrgy distribution,
N(E). A second integration gives the original Auger electron current which may in
c.enain cases be more effectively used for quantitative purposes than the usual peak-
to-peak dNV(E)/JE values. Subtraction methods may be used to emphasize the differ-
ence betw een a sampie and the standard or between a bulk and a surface composition.
The addition and subtraction of spectral fcatures in an interactive graphics system
allows synthesis of any composition for comparison with an unknown.

These techniques, combined with plotting subroutines, produce spectra of high
quality and, in addition, simplify great amounts of information and present it in the
form of depth profiles, histograms, or three-dimensional plots, which make the data
more understandablc.

KEY WORDS: surface analysis, data acquisition, digital methods. Auger clectron
spectroscopy (AES), ion scattering spectroscopy (15S), sccondary ion mass spectrom-
etry (SIMS), X-ray photoelectron spectroscopy (XPS), tons, electrons

In order to utilize fully the newly developed clectron and ion surface spectro-
scopies, the data from these methods must be treated carefully to assure quality
and clarity both during and after the experiment. Signal conditioning during the
experiment puts the data into proper form for reeording and may include steps
for amplifying. digitizing. discriminating, modulating, gating. transforming, and
filtering. After the acquisition and storage of data in digital form, several proces-

*Rescarch chemist, Air 1 orce Materials Laboratory (MBM), Wright-Pattcrson Air Force
Base, Ohio 45433,
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126 APPLIED SURFACE ANALYSIS

sing steps may be used to enhance, simplify, or otherwise make the data more
uscful to the operator. These data presentation improvements include smoothing,
normalizing, differentiating, integrating, and performing other mathematical
functions. The data treatment methods shown here apply equally well to all
mcthods of surface characterization, including all of the methods typificd in the
familiar Propst diagram (7] 2 which shows the interaction on surfaces of elec-
trons, ncutrals, ions, photons, and various fields. Each of these surface probes
may clicit a response, such as the emission of electrons, neutrals, ions, or pho-
tons, or a change in the ficld. That is, one may impinge electrons onto the sur-
face, which may excite other electrons, as occurs in Auger electron spectroscopy
(AES). or onc may have photons exciting clectrons on the surface, which is the
basis of X-ray photoclectron spectroscopy (XPS), and cach of these forms of
spectroscopy may have subgroups, such as one in which a new particle may not
necessarily be formed but the incoming particle may be changed. Therefore,
there are dozens of possible forms of surface characterization as described by the
Propst diagram.

Discussion

In these ion and electron spectrometries, as well as in other forms of surface
characterization, the data treatment may be conducted during the experiment
by signal conditioning, which includes amplifying, discriminating, modulating,
gating, transforming, and filtering, and data treatment may be carried on after
the experiment with various data operations such as smoothing, normalizing,
differentiating, integrating, and performing other functions. In addition, some
combinations of operations, both during the experiment and after the experi-
ment, are frequently used for best data improvement. Table 1 shows combina-
tions of analog and digital methods and the resulting versatility of each combina-
tion.

TABLL 1 -Combinations o} data acquisitions
and handling methods.

Method
and
Versatility 1 2 3 1
Acquisition analog analog digital
Handling analog diyital digital
Versatility very limited limived unlimited

One near necessity in the handling of surface spectrochemical data is that the
data be transformed into digital form and placed on some permanent record,
such as magnctic tape or magnetic disks. Table 2 shows a comparison of analog

2The italic numbers in brackets refer to the list of references appended to this paper.
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TABLE 2-Comparison of analog and digital data acquisition and handling capabilitics.

Capability Analog Digital l

Data evaluation plot data scaling, arca, smoothing, math function, :
plot, ete. {

Data capacity limited, no storage storagce as required H
Scan rate several fixed values unlimited 1
Calibration manual automatic 4
Diaznostics manual automatic (cables, lights, switches)

L]

and digital methods in rclation to several experimental parameters. There are

. numerous reasons for digitizing [2] in that all changes that take place as the

. surface is probed are permanently recorded. Also, there is no limit to the number
i of clements or peaks that can be recorded. It is not necessary to know in advance
Y’ the changes that will occur or the new lines that may unexpectedly become

visible. Alternate lines of the same or another series can be selected when over-

. lapping or other conflicts occur. There are no off-scale peaks or off-scale profiles.

Where elemental profiling is performed by ion milling techniques, one may go

back and use chemical combination effects that can be monitored as a function

v of depth. These digital techniques allow for the automatic computer plotting of
clemental profiles such as the curve shown in Fig. 1, the Auger profile of 2024
aluminum alloy. No surface preparation except for degreasing was carried out on
this sample. It can be scen that the alloy as received has a very high magnesium
concentration at the surface which drops off very rapidly with time. This mag-
nesium-rich layer is very deleterious to adhesive bonding [3] . Samples bonded of
this material, when exposed to long-time durability tests, show very poor per-
formance. Other similar profiles also give a clue to the performance of various
surface preparations such as the profile shown in Fig. 2, which is of a cuinmercial
acid etch performed, again, on 2024 aluminum alloy. In this particuiar case, the
copper-rich layer, which lies in the region between the aluminum oxide on the
surface and the bulk aluminum, varies considerably with the solution temper-
ature and the time of etch (4]. This is an instance in which knowing the surface
chemistry is not enough, but, rather. the elemental profile into the sample is
required, since in some cases similar etches can cause the formation of weak
boundary layers somewhat below the surface. These elemental profiles can be
performed cither by recording the entire spectrum, as suggested carlier, or by
using a multiplex system, such as that available on several commercial surface
characterization tools. The multiplex analog data presentation suffers the dis-
advantages outlined carlier. The data recording system used in this laboratory for
Auger electron spectrometry is shown in Fig. 3, where a magnetic tape is used to
record the entire spectrum. A modular approach may be used in a system such as
this. where onc uses only the particular modules needed. The most important
tactor is, again, to have sufficient memory to be able to record all of the spectrum,
not just portions or peak values. An example of the utility of this method was
tfound in a sample that was analyzed in this laboratory that was supposed to have
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130  APPLIED SURFACE ANALYSIS

a single antireflection coating on a quartz satellite window. As it tumed out, this |
sample was eroded with an ion beam for over 600 min; it showed at least nine
different coatings and seven different elements throughout the entire antireflec-
tion coating. With conventional multiplexing techniques, it would have been
impossible not only to set up for cach of these elements but also to obtain a
single profile for each component in the complex coating. In addition, as the ion
sputtering continucs, there is very often a relatively large change in the charac-
teristic lines in the spectrum. Very often these changes (which can be changes in
. shape or changes of line position) will cause problems in the elemental profile
when it is plotted. Sometimes these shifts in the line position are so great that it
takes the line position out of the region that the multiplex controller has been
set to accept. Also, shape changes take place in profiling on aluminum oxide
. coating on aluminum. If one sets the multiplexer 10 accept a narrow region, then,
!- by the time one has profiled or sputtered all the way through the film into the
metal, the line has shifted considerably and the shape has changed. This produces
a profiling artifact, which has been shown by Grant and coworkers [5]. This
anomaly. seen in Fig. 4, in which the aluminum appears to drop in concentration
' as the interface between aluminum oxide and aluminum is reached, is entirely re-
moved by special techniques, such as tailored modulation of the electron beam
[6). syachronous detection, and integration of the data to recover the origimal

Auger current.
In addition to using an ion beam to sputter the surface while the sample is
actually investigated by an electron beam, as in ALS. for instance, the interac-
tion of the ion beam itself is often studicd. This concept fonmns the basis for ion
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BAUN ON DATA TREATMENT IN SPECTROSCOPY 131

scattering spectrometry (ISS) [7]. The mechanism of this form of spectroscopy
is described elsewhere in this volume and will not be repeated here. In addition
to the dircct collision of the impinging ion with the surface atom, which produces
a single peak for cach element on the surface, there is considerable new informa-
tion being discovercd on the ion scattering spectra, such as that found by Erikson
and Smith [8]. These authors show that the ion yield curve, which had been
considercd to be smooth and featureless, actually contains a good deal of in-
formation that tells something about the chemical combination occurring at the
surface. Christianson and coworkers [¥]. at the University of Minnesota, have
shown that this oscillatory structure in the scattered ion yield curve for helium
scattering from indium depends on the chemical environment of the indium.
Very small changes that had been seen earlier in the spectraby Erikson and Smith
[8] and by Rusch and Erikson [/0] were found to be greatly enhanced and
clarified by Fourier analysis of the oscillatory structure. In their method these
authors digitized the data, then went through a preliminary processing step, and,
finally. performed a fast Fourier transtorm. including smoothing and normaliza-
tion of the data. Results of this Fouricr 1ransform for a group of indium com-
pounds are shown in Fig. 5 and show stnking differences due to the chemical
combination of the indium.

In each of the surface spectroscopies sumple filtering is frequently used to im-
prove the signal 10 noise ratio. However. conventional filtering is effective only
when the frequency spectrum of the signal and the frequency spectrum of the
noise are not overlapping. A signal averaging computer (SAC), usually called a
signal averager, is a very special kind of filier and is often used with surface spec-
troscopies. This method is sometimes referred to as a comb filter method, and it
can be used effectively only if the desired signal. with its accompanying noise,
van be gencrated a number of times. In most of the spectroscopies for surface
analysis and, in particular, in ion scattering spectrometry, there are numerous
rcasons for using signal averaging. One very good reason is in order to record
tast-changing phenomena, such as are found on very thin films which are eroded
away rapidly, or to catch unstable species before they change on the surface.
Another important use is the enhancement of peaks from elements present in
very small concentration on the surface. This takes advantage of the improvement
in peak-to-background ratio due to the repetitive scanning in the signal averaging
method. Still another method has been semiiquantitative analysis, using a sub-
traction method and an addition method {1/). Further, the signal averager is a
convenient buffer storage for data which will be computer processed at a later
date. The major advantage for signal averaging relies on the fact that for random
nuise the probable error decreases inversely to the square root of the number of
signals measured. In theory then, noise can be reduced without limit. Of course,
there arc diminishing returns for continued efforts.

After the acquisition and storage of data in digital form, several processing
steps. such as smoothing, normalizing, difterentiating, integrating, and perform-
ing other mathematical functions may be used to enhance or simplify ion scat-
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NORMALIZED AMPLITUDE

°
FREQUENCY (A - cycles/sec.)

F1G, S-Ion yield curve structure from some indium compounds (from Christianson end
coworkers [9].

tering and many other surface spectroscopies. The routine normalization and
smoothing of data results in uniform spectra that are more easily intercompared.
In addition, certain segments of the spectra may be easily displayed in an ex-
panded form, either in real time or plotted offline by the computer, as in the
example shown in Fig. 6, which is an ion scattering spectrum of helium scattered
from cobalt. A small amount of neon impurity, which scatters from cobalt, exists

8
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C
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INTENSITY
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E/E,

1 G, 6 lon scattering spectrum of helium scatrering from cobalt, original and smoothed.
{ The asterisk shows cobalt (neon) resulting from residual neon scatsering from cobalt.)

in the system. Such a large sloping background, seen in the expanded segment,
can easily be removed, either during the experiment by choosing a narrow region
and using dynamic background subtraction [11] or after the experiment by
using subtraction techniques [/2]. The recording of data in digital form is also
of help in quantitative analysis. The obvious response of a researcher when 1old
what chemicals are on the surface is to ask how much of each is present. Fre-
quently. this question is not easy to answer for a variety of reasons. Perhaps, as
Park says, it is a misapprehension that we should be able to define surface com-
position over a finite sampling depth, Some problems of little importance in
bulkh analysis ate encountered in the quantitative analysis of surfaces {13)

Sample matrix effects and physical phenomena such as roughness, selective dif-
fusion, and grain boundary segregation play an important part in surface analysis.
Factors originating with the measurement technique itself include selective
sputtering, surface decomposition, changing ion and electron yields, and variable
or unknown sampling depth. Still another problem is that one cannot count for
an extended or unusually long period of time by using any technique with ion
beam sputtcring. Since the ion beam is constantly eroding away the surfacc, the
sample compasition is also constantly changing. In other forms of spectroscopy
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134  APPLIED SURFACE ANALYSIS

one may improve statistics, such as those described earlier for signal averaging,
by counting for a longer period of time.

Digital data recording and reduction methods have been applied to the quanti-
tative analysis of several binary alloy systems, using both ion scattering spectros-
copy and Auger clectron spectroscopy. Two methods have gencrally been used.
The first and best method consists of using standard homogenous bulk alloy
specimens which have been characterized by other techniques. The second meth-
od uscs the bulk sensitivities of each element to allow calculation of the atomic
fraction of each component, in a manner similar to the method of Flaim [14].
In this work Flaim introduces the concept of measuring elemental sensitivities in
the equilibrium sputtered surface. The equilibrium sputtered surface is reached
by sputtering the surface until no change is observed with further sputtering.
This may not have the same composition as the bulk because of selective sputter-
ing, but it is 2 reproducible surface standard. The method of elemental sensitivity
may be applied quickly by using signal averaging. The unknown spectrum is
recorded and stored in memory. Then, in another segment of memory, the pure
materials that make up the alloy, such as copper and gold, are recorded in their
pure form using, say, 100 individual signal averaging spectra, and then it is calcu-
lated just how many scans from each of the pure materials are necessary to syne
thesize the ratio observed in the original sample. In a similar manner, surface
coverage where coverage is not complete may be calculated, as, for example, in a
bonding experiment in which gold covered a titanium surface. The gold had been
evaporated and then stripped off during a bonding test. Different surface treat-
ments on the alloy left behind varying amounts of gold after the test, and the
desired result was to be able to place a number on how much gold remained.
Spectra representing incremental amounts of gold were recorded in the signal
averager and subtracted from the original curve until no gold was visible in the
spectrum, or, as described eatlier, as an alternative method the incremental spec-
tra from gold were added to a clean titanium alloy until the unknown spectrum
was matched. By measuring how many counts of gold had to be added or sub-
tracted, the coverage of gold could be calculated. Resolution can often also be
enhanced by using subtraction techniques with digital data. Often lines from
elements cannot be observed because they lie in the tails of other element lines.
This background may be easily subtracted by using the techniques enumerated
earlicr. Such resolution enhancement has been shown earlier by this author to
improve spectral resolution.

The methods described previously have been based primarily on analog-digital
systems in which the data was recorded in digital form but the instrument con-
trol was analog. In all digital systcms controlled by microprocessors or mini-
computers, a great deal more versatility is possible. Such systems allow real-time
display and smoothing of data and rapid expansion of spectral areas. The pro-
gramming of these systems allows direct assignment of each feature from memory
and comparison with standard spectra. It also allows for very versatile graphics,
which produce high-quality computer-drawn spectra. The axis scales can be cal-
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BAUN ON DATA TREATMENT IN SPECTROSCOPY 135

culated and drawn to any presclected scale. Any characters, subscripts, super-
scripts, or special characters can be introduced into the graphics.

Theic is however, a bewildering array of hardware on the market. Each tech-
nical jownal and trade magazine bombards the reader with the unparalicled ad-
vantages of his product. Sometimes it is difficult to tell just what a product will
do in relation to one’s particular problem. Even when the capabilities of a given
product arc known, it is hard to tell sometimes just how much computer or pro-
cessing power is needed for a particular problem, Kessler [15] has developed 2
check list as a rough guide for assessing needs in a data acquisition system. This
check list is shown in Table 3. Careful answers to the questions posed by Kessler
will shorten the consideration time and quickly give an idea of just what is need-
ed for a particular problem. The new emphasis in data acquisition is on the rela-
tively low-priced microprocessor-based [16] data acquisition syster, Such a
system uses a large-scale integrated logic circuit on a chip (LSI) that controls the
connection, sequencing, timing, measurcment, input, output, and other functions
of the system. This popular movement toward the use of microprocessors follows
the trend in data processing of shifting from large centralized computers to
arrays of smaller computers distributed where they are most nceded. Guidelines
are available from manufacturers® literature, several books which have been pub-
lished in this general area {/7,18], and journal articles.

In summary then, it can be said that physical and chemical properties of the
surface play an important part in a large number of engineering and scientific
applications. In order to use effectively the great amounts of data that are gen-
erated from surface analysis technigues, it is necessary to utilize automatic digital
data acquisition and handling.
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TABLE 3--Checklist for selecting a data acquisition system (after Kessler [15] ).

The following checklist is a rough guide for asscssing your nceds in a data acquisition system.
Curcful answers will shorten your consideration time and put you into the ballpatk. Add the
rating scores together and check the interpretive key below.

Recording function required

12
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M @) Continuous 60
» (M) Intcrmittent 40
(') Not required 20
- {J) Analog trend only 10
} 2, Scan rate required
N (@) Rcal-time acquisition and processing 200
. (b) 100 channcls/s 100
(¢) 25 channels/s 50
4 (d) Less than 5 channels/s 3o
. (¢) Manual or fixed sampling rate 10
3. Data reduction required
» (@) Instantancous decision-making 100
() Multi-step (special function plus computer) 50
(c) Convcrsion to enginecring units only 30
(d) Raw data printout only 10
3 4. Dwersity of applications for the system
i (@) Large dedicated real-time 100
, (h) Multipurpose, changeable paramcters 6y
; (c) Dedicated 40
) Multipusposc, fixed parameters NU
= S. Personnel and computer available fot operation of the system
. (@) Virtually full-time access to data reduction computer and computer
. . programmer 100
1 (b) Shared access to computer programnicr with full-time computer available
: for data rcduction 80
{c¢) Engincering-evel personnel for sysicm operation and data reduction and
T access to ime-shared computcr or equivalent 60
: () Technician level system operator, Optional access to computer for tape
; analysis 40
k (¢) Hourly, unskilled level systcm operator. Direct data read-out from printer 20
j Type of Data
i Rating, Total Range Acquisition System
’ 350 and up computer-based
. 200 to 350 microprocessor-bascd
3 H 80 to 250 conventional
6010 100 assembled from components
. é 80 and below multipoint recorder




