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FOREWORD

This technical report was prepared by W. L. Baun, Mechanics and

Surface Interactions Branch, Nonmetallic Materials Division, Air Force

Materials Laboratory (AFML/MBM). This work was initiated under Project

2419, "Nonmetallic and Composite Materials" and was administered by the

Air Force Materials Laboratory. Work Unit Directive Monitor was T. W.

Haas.

This report covers literature collected over the period June 1978

to June 1979 in the area of secondary ion mass spectrometry which is

used to characterize adhesive bondinq materials. The report was

released by the author in June 1979.
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SECTION I

INTRODUCTION

If a solid surface is bombarded by energetic ions, a complex process

of energy transfer and electronic interaction occur in the surface and

near surface of the solid. As a result of these interactions at the

surface, electrons and atomic and molecular particles are ejected and

photons are emitted. The interaction of the energetic ions with the

solid results in the transfer of energy to ions and atoms in the solid

and subsequent ejection of both neutral and ionized species.

* The first SIMS experiments were performed in the late 1930's by

Arnot and co-workers (Reference 1). The technique lay essentially

fallow until 1949 when Herzog and Viehbock (Reference 2) described an

ion source for mass spectrometry using the sputtering process, but even

after this brief resurgence, it was almost ten years until further

interest was evidenced by workers in this field. Honig (Reference 3)

in 1958 began a rise of interest in the SIMS technique which widened

during the 1960's. Reviews of early literature were published by

Carter and Colligon (Reference 4) and Kaminsky (Reference 5). More

modern reviews with emphasis on the SIMS technique as applied to surface

analysis, have been authored by Benninghoven (Reference 6) and Werner

(Reference 7). It is the purpose of this review to discuss fundamental

concepts, advantages and disadvantages of SIMS for surface analysis

along with collision phenomenon, such as sputtering and implantation.

Equipment for the SIMS method will be briefly described. Aspects of

secondary ion mass spectra will be considered including the species of

the secondary ions, the ion yield, and experimental parameters. The

complementary nature of SIMS to other surface characterization methods

will be discussed. Finally, applications of the SIMS method will be

considered. Appendices concerning nomerclature, isotopic abundances,

and the sources of information on SIMS are included.

./1
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SECTION 11

FUNDAMENTAL CONCEPTS

When a surface is bombarded with ions, atomic and molecular particles,

electrons and photons are emitted from the surface as seen in Table 1

(Benninghoven). The ion as it strikes the surface and penetrates into

the solid can undergo numerous collision processes, as seen in Figure 1

(Winters). The process under consideration here is No. 5 as seen in

Figure 1; the reflected ion giving energy to a surface atom which is

sputtered. A review of experimentation and theory of physical sputtering

was prepared by Winters (Reference 8). The sputtering species, which are

moved from the surface, are made up of both positive and negative ions,

as well as neutral particles. Neutral particles have much greater

abundance than ionic species and have also been used for surface analysis.

TABLE 1

EFFECT OF ION IMPACT ON A SOLID SURFACE INCLUDING EMISSION
PROCESSES & CHANGES IN THE SURFACE ZONE

EMISSION PROCESSES CHANGES IN THE SURFACE OF
THE TARGET

Atomic and molecular particles Loss of surface particles
Neutrals Sputtering
Positive ions Recoil implantation
Negative ions
Excited particles Implantation

Primary ions
Electrons Surface atoms (recoil)

Surface processes (Auger
de-excitations, e.g.) Lattice destruction

Bulk processes (ionization, e.g.) Imperfections
Amorphization

Photons
Gas phase processes Chemical effects
Surface processes Breaking of bonds
Bulk processes Bond formation

2
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Figure 1. Schematic of Possible Collision Processes which
Occur Under Ion Bombardment (Reference 8)

3



AFML-TR-79-4123

Surface analysis by SIMS falls into two categories; low current

density sputtering and high current density sputtering. Categories are

determined by the characteristics of the primary ion beam. A low current

density sputtering analysis results in a very small fraction of the surface

being disturbed, a result that approaches a basic requirement of a true

surface analysis method. This is generally known as the static SIMS

method (SSIMS). High current density sputtering removes a great deal of

material, but is required for obtaining elemental depth profiles. In the

high current density method, significant changes are seen in the surface

and near surface regions. Table 2 (Benninghoven) shows the effect of

ion impact on a solid surface including the emission process and changes

in the surface zone. Figure 2 (Benninghoven) also shows schematically

the induced changes in the surface zone of a solid due to ion bombardment

and shows three different zones; an emission zone, an implantation zone,

and a lattice destruction zone. These zones then are defined as A) a loss

of surface atoms out of the emission zone as a consequence of emission

of molecular and atomic particles and recoil implantation; B) implantation

of primary ions and recoil surface atoms; C) changes in the lattice

structure, as for example, creation of imperfections, amorphous states and

so forth. In addition, other low energy processes, such as the breaking

of chemical bonds and the formation of chemical bonds, are also caused by

ion bombardment. The escape depth for sputtered particles varies greatly

and is strongly dependent on the energy of the primary ion, the mass of

the primary ion, and the mass of the atoms of the target. To determine

whether a particle will leave the surface as a neutral species or as an

ion is a complex, quantum mechanical problem involving ground and excited

state interactions of the atom or molecule with the solid. Numerous

workers (Werner (Reference 7), McHugh (Reference 9), Benninghoven

(Reference 6)) have discussed possible mechanisms for emission of

secondary ions. Joyes (Reference 10) has reviewed the theoretical

mechanisms of secondary ion emission. For moderate energy sputter ion

beams, a major contributor to the secondary ion yield is resonance and

autoionization of excited species that emerge from the solid phase to

vacuum. A less important contribution to the ion yield is resonance

ionization of ground state species. An explanation by Schroeer

(Reference 11) for the emission of positive ions from metals assumes that

4
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TABLE 2

MAIN FEATURES OF SIMS AS A SURFACE ANALYSIS METHOD (REFERENCE 6)

Positive: - Information depth in the "monolayer range"

- Detection of all elements including hydrogen

- Detection of chemical compounds

- "Lateral resolution" in the range of atomic distances

-Isotope separation

- Extremely high sensitivity for many elements and

compounds (<10 -6 monolayers)

- Quantitative analysis after calibration

- Negligible destruction of the surface (SSIMS)

* - Elemental Profiling (Dynamic SIMS)

Negative: - Large differences in sensitivity for different

"surface structures" (factor 1000)

- Problems in quantitative interpretation of

molecular spectra

- Ion induced surface reactions

"* i 9 ...

0 00
,~ g0 )9 og

09)9)2 yi~,plontain

chne ntesurface zone destruction

Figure 2. Induced Changes in the Surface Zone Due to Sputtering
(Reference 6)
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the sputtered particle leaves the surface as a neutral atom in the

ground state and is ionized via transition of the atom electrons to the

top of the conduction band in the metal.

Regardless of the exact mechanism and production, the SIMS method

as a technique for surface analysis has several advantages as seen in

Table 2 (Benninghoven). Of the positive attributes listed probably the

extremely high sensitivity for many elements is the greatest advantage of

SIMS. On the other hand, the extremely large differences in sensitivity

for different surface structures is the largest negative factor involved

in SIMS analysis. More specifically, the following comments on the SIMS

technique were aired by Czanderna and co-workers (Reference 12) in a

*recent review.

1. DETECTION SENSITIVITY

The outstanding feature of SIMS is the detection sensitivity of

IO-6 to lO-4 of a monolayer for surface analysis, depending on how

fast the surface has sputtered away. Except for slight variations in

the transmissivity of ions with different masses, there is no Z dependence

on the detection sensitivity of a properly designed SIMS apparatus.

Furthermore, the absence of an inherent background permits detection of

trace amounts of 10 to I ppm atomic. As little as 10 grams of the

sample species may be sufficient to provide a detectable signal. Thus,

using care in the instrument and bombardment parameters, signals may be

restricted to one to two monolayers.

2. ISOTOPIC IDENTIFICATION

Isotopic labeling of ions could be used for study of reaction

mechanisms. Despite the apparent potential, the literature contains

little mention of isotopic labeling in conjunction with SIMS analysis

of the surface.

3. IDENTIFICATION OF HYDROGEN

The detectability of hydrogen by SIMS provides a routinely

available capability not possible with other commercially available

surface analysis equipment.

6
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4. CHEMICAL IDENTIFICATION

The complex spectra presented provide an opportunity to unravel

chemical information about surface compounds.

5. IN-DEPTH PROFILING

The ability to sputter surfaces rapidly and to maintain a constant

monitor of the composition is one of the outstanding features of SIMS.

As with any depth profiling process resolution at the interface is limited

by the damage caused by sputtering rather than by the apparatus.

* 6. IMAGING

Ion microprobes provide capability to image the surface under

investigation. Czanderna and co-workers also make some pertinent

comments on limitations of the SIMS method. They point out that first and

foremost SIMS requires destruction of the sample for analysis. There is

no chance for a second look at the same spot on the sample. Secondly,

the factors causing large variations in the production of secondary

ions make routine quantification only a remote hope. Using standards

and well-studied systems, quantitative SIMS to better than the 20% of the

surface layers is possible, but the cost of extensive prior work may not

be warranted. Finally, matrix effects, e.g., the variation in the signal

of the same element in different chemical environments can alter the

detectability of trace amou ts by factors of 102 to lO4.

7
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SECTION III

EQUIPMENT

All SIMS experiments require a vacuum chamber to house the experi-

ment, a sample holder, an ion source, an energy analyzer, and a mass

analyzer as seen in Figure 3. Use of the characteristics of imaging

instrunik.ts have been made by Socha (Reference 13) and fundamental

concepts of both imaging and non-imaging instruments by McHugh

(Reference 9). Most non-imaging instruments are generally called SIMS

instruments. Imaging instruments are usually called ion microprobes.

A schematic of a typical ion microprobe mass analyzer is shown later in

the discussion of imaging. Usually such imaging instruments have vacuum

capabilities in the very high vacuum region rather than in the UHV.
Also used are high sputtering rates and ion voltages in the range of

10 kv or more. This is in contrast to new designs for SIMS using

quadrupole mass analyzers where vacuum capabilities in the range of

10-10 Torr are possible. In the static SIMS method where very slow

sputtering rates are used for analysis, the capabilities must be such

that the recontamination rate for residual gases do not exceed the

sputtering rate. SIMS instruments also vary according to the total

pressure in the system. In most instruments the noble or reactive gas

fills the system and the entire chamber, including the ion gun and sample

area, are at approximately 1 to 5 x 10- Torr. Such an instrument is

typified by the commercial equipment manufactured by the 3M Co. (3M Co.,

St. Paul, Minnesota). Another type of instrument is one in which the

performance is improved through the use of a differentially pumped

vacuum system to produce ultra high vacuum in the vicinity of the sample.

This also allows the entry of a reactive gas in the sample chamber area

while sputtering with a noble ion for studying chemical changes or

reactions on the surface. An instrument of this type from the recent

literature (Reference 15) is shown in Figure 4. Still another improve-

ment made to the SIMS instruments is the mass analysis of the primary

beam (Reference 16). Such an instrument design is shown in Figure 5.

In addition to mass analyzing the primary beam is this instrument, beams

less than 70 micrometers In diameter are used with current densities

8
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Figure 3. Major Components of a SIMS Experiment
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REACTIVE I'
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IONIZATIN , .ELECTRTRN

*GAUGEGU

Figure 4. A General View of the Secondary Ion Mass Spectrometer
System (Reference 15)
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Figure 5. SIMS Apparatus Using a Spherical Electrostatic Analyzer
(Reference 16)

* greater than 25 milliamperes per square centimeter. Beam rastering and

electronic signal gating make this instrument especially applicable to

the production of high quality depth profiles. These authors point out

that an ultra high vacuum system is an absolute necessity to reduce the

adsorption of background gases on the sample surface during sputtering

for in-depth profiling of carbon, oxygen, nitrogen, and especially
hydrogen.

The energy filter is made up generally of several elements whose

function is to optimize collection of the secondary ions, and to filter

and focus the ions at the entrance to the mass analyzer. The energy

analyzer as used by Dawson and Redhead is seen in Figure 6. The grid

radii are chosen to increase the acceptance angle at the target and to

produce a converging beam at the quadrupole mass analyzer entrance. An

interesting design utilizing conically shaped elements was developed by

Dowsett et al (Reference 17). Magee and co-workers (Reference 16) used a

spherical electrostatic analyzer in front of the quadrupole elements to

allow selection of specific areas in the crater and the use of an on-axis

electron multiplier in the quadrupole mass analyzer. Much simpler designs

also perform well, such as the two analyzers seen in Figure 7.

Secondary ions may be mass analyzed with virtually any kind of mass

* spectrometer. Most imaging instruments use double focusing mass spectro-

meters. The majority of modern secondary ion mass spectrometers for

surface characterization use quadrupole mass filters. Some use a dual

10
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PRIMARY
BEAM

G 3 64A _ _64

I MASS
FILTER

Figure 6. Detail Showing the Arrangement of the Energy Analyzer
(Reference 17)
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Figure 7. Simple Energy Analyzers
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system in which a magnetic sector is used to separate the primary ions

and a quadrupole is used to detect secondary ions as shown in Figure 8

(Reference 26).

The radio frequency quadrupole mass analyzer has a number of

advantages for secondary ion mass spectroscopy. Among the inherent

characteristics of the quadrupole filter are: A) Particle separation is

on the basis of charge to mass ratio rather than on other properties,

such as velocity or momentum; B) Axial energy acceptance is over a

relatively wide range; and C) Transmission efficiency approaches 100%

under certain operating conditions. One attractive aspect of the quad-

rupole is that only radio frequency fields are required making the analyzer

relatively light and structurally compact compared to magnetic instruments.

Operating design also allows very rapid spectrum scanning rates (orders

r" of magnitude greater than most magnetic instruments). This allows a real-

r" time oscilloscope display of SIMS data. In addition, the geometry of

the quadrupole is such that only an external ionizer is needed to provide

residual gas analysis (RGA) capability.

MAGNF.TIC
SFC TOR FIELD

OUD LCO, ., HANNELIRO"
LCr L ... O~ ~ CWd~~O

O~- OLAOUPOLE% " •ANALWER

COIL

OEAM

POLF SHOE 'O I.TE

IONIZTIONTURIBOMOLECUILAR
IIZTIO PUMP0HAA .LE

Figure 8. Magnetic Sector Design to Separate Primary Ions (Reference 26)
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SECTION IV

SECONDARY ION MASS SPECTRA

Benninghoven (Reference 18) used a simple two-component lattice of

metal and oxygen to answer the question "What types of ions will be

emitted from a given surface structure?" During the sputtering process,

particles of this lattice will be emitted from the surface, both as

single atoms and as clusters. Plog, Wiedman, and Benninghoven (Reference

27) evaluated data from oxidized metals and established a formula which

allows calculation of absolute yields of metal and oxygen ions.

Benninghoven (Reference 18) makes the assumption that one condition of

the formation of a cluster is that the cluster atoms are located on

adjacent sites of the lattice before emission. It was printed out that

in the case of a metal-oxygen lattice, we can expect particles of the

composition MemOn. This way a matrix of possible clusters was established.

The formation probability of a particle cluster is a complicated function

of many parameters, such as the charge state of an emitted ion. In
principle, each fragment can be ejected as a positively or negatively

charged ion or as a neutral particle. In the case of the metal oxygen

surface structures, it has been learned from experimental-results that

for emitted particles there is a tendency for charge conservation related

to the charge state in the lattice (Reference 18). Therefore, we should

expect the preferential emission of positive metal ions Me+ and negative

*oxygen ions 0 for a metal-oxygen structure. The yield of secondary

molecular ions depends on the electronic properties of the molecular

ion, particularly the dissociation energy of the complex. Joyes

(Reference 10) has used semi-empirical quantum chemical calculations to

explain a number of experimental observations relating to relative

molecular ion yields. Instruments not using ultra high vacuum or
instruments using reactive sputtering frequently show many more molecular

ions than those in which noble gas ions are used in an ultra high vacuum

system. Elements with many isotopes frequently combine to form extremely
complicated spectra. Werner (Reference 7) points out that it is most

advantageous for chemical analysis to work in a mode which preferably

gives atomic ions; on the other hand, he says that for studies of chemical

13
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bonding, polyatomic ions, which constitute the fingerprint spectrum of a

given compound, can be used to advantage. Molecular ions may be dis-

criminated from atomic ions because of the different energy distribution

of the two groups. The energy spectrum of the distribution of Al3+ and

Al+ is much different, as shown by Herzog and co-workers (Reference 19).
An illustration of their work using discrimination on initial energy

distribution is shown in Figure 9. By setting an energy band, one can

favorably increase the intensity of the atomic species, such as Al+, with
respect to the cluster ion, such as Al3

+. On the other hand, the cluster

ions can be used as a clue to the molecular species on the surface, and

the method has been extended into the analysis and characterization of

organic materials. This makes this technique invaluable for studying

* the adsorption characteristics of various surfaces to liquids and gaseous

compounds. An example of a negative SIMS spectrum of adsorbed molecules

is shown in Figure 10 (Reference 6).

More recent results have been shown and are summarized in Table 3

on a variety of materials such as vitamins, peptides, and amino acids

(Reference 28). An example of positive and negative secondary ion spectra

is shown for ascorbic acid in Figure 11.

14
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0*

CH-
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H4-C-C -- OH
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-Surface oxidation to the corresponding acid is possible only for the
secondary alcohol (C3H 7COO emission, upper spectrum)

Figure 10. Secondary Ion Spectrum of Adsorbed Molecules:
1- & 2-Butanol on Molybdenum (Reference 6)
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TABLE 3

ABSOLUTE YIELD OF "PARENT LIKE" SECONDARY IONS OF ORGANIC
COMPOUNDS ON SILVER (REFERENCE 28)

yield S(X) x 100 L

(Number of secondary ions x 100,
formula tool wt per incident primary ion)

I. amino acid (M + H)* (M - H) (M - COOH"
glycine CHNO, 75 120.0 - 52.0
a-alanine C3HNO, 89 21.0 40.0 53.0

-alanine CHNO, 89 88.0 19.5 7.2
phenylalanine C.H,NO2  165 4.0 0.3 15.0
serine CH,NO, 105 61.0 18.0 61.0

threonine CH,NO 119 8.3 2.6 13.8
proline CH,NO 115 19.2 8.8 72.0
valine CH,,NO, 117 8.0 8.3 32.0
leucine C.H, 3NO, 131 0.8 26.4 40.0
norleucine CH,,NO 131 24.8 6.5 76.0
arginine C H,3 NO 2  174 7.2 2.4 2.1
tyrosine CH,, NO, 181 7.4 - 13.6
tryptophan C,H,N3 0N]O 204 3.5 0.8 3.5
cysteine C,HNOS 121 12.0 11.0 15.0
cystine C6H,,N 20,S2 240 4.0 1.6 1.8
methionine C H,,NOS 149 13.1 5.4 9.4
ethionine C6H,,NO2 S 163 13.6 5.6 12.0
glutamine CSH, 0N O , 146 7.2 8.3 4.3

II. derivates of amino acids (M - H)- (M' - H)- a (M - Ci)

glycine ethylester HCL CHQCINO, 139 1.6 180.0
alanine ethylester HCL CH, 2 CINO, 153 - 48.0
cysteinium HCL C:H:CINOS 157 - 4.0 19.76
taurine C H NO S 125 4.8 - -

III. peptides (M + H)* (M - H)- (M -COOH)"

glycylglycine C.H,NO, 132 41.6 4.8 -
glycylglycylglycine C1,N 30* 189 4.0 0.4 2.0
glycylleucine C H NO 188 1.6 4.2 3.0
phenylalanylglycine Cj 1,-,d, 222 8.0 1.6 -

IV. drugs (M + H)* (M - H) (M - OH)-

barbital CH, 2N0 3  184 - 44.0 -
ephedrine CoH,,NO 165 16.0 - 40.0
atropine C,7H23NO 3  289 84.80 -
epinephrine CH,,NO 183 - 6.4

V: vitamins (M + H)" (M - H)"

ascorbic acid (C) C.H.0 6  176 3.7 17.6
biotin (H) C, 0H,,NO,S 244 0.3 4.2
nicotinic acid (PP) C.H NO, 123 - 46.4
nicotinamide CHNO 122 2.1 15.2d

VI. sulfonamides (M + H)" (M - Hr

sulfanilic acid CHNO,S 173 - 16.3
sulfanilamide CI11N,OS 172 0.6 17.6
sulfacetamide CH,,NOS 214 - 20.8

VII. other compounds (M + H)* (M - H)-

thymidine C, 0H, 4N0 s  242 1.9 1.3
acriflavine C,,H,.CIN, 259 - - 96.0e
creatine CH,NO, 131 2.9 - 3.4
creatinine CH ,NO 113 16.0 6.0 6.0'

M' mass of related amino acid. b Identical with (M' + H) ° . c
M .. d M-. (M- Cly. f (M + H - HO). (M +

H + H,O)*.

17
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T 0- Ascorbic Acid2.,0' - PSI - / - - -o. M 176

H HH Ca"4,0

C
2
HJ"
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NSI

{~M-Hr"

OH' C1 CjH3O02 ~ 9H 1 1 1 ,1 1, 11,,1 , g , , t,
. .. .)I " I I II I I I I '
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Positive and negative secondary ion spectra of ascorbic acid.

Figure 11. SIMS Data from Ascorbic Acid (Reference 28)
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SECTION V

SECONDARY ION YIELD

Unknown or rapidly changing secondary ion yields are the major

problem confronting the SIMS technique. Factors influencing secondary

ion yield are the complex electronic and chemical properties of the

surface along with certain characteristics of the matrix, and the con-

centration of the active species. The absolute secondary ion yields for

certain elements, such as aluminum, chromium, and vanadium may change by

as much as a factor of 103 from a clean metal condition to a fully

* oxidized surface (Reference 20). In addition, according to McHugh

(Reference 9), the relative ion yields for different elements in the same

matrix can exceed 10 , and in single crystals the secondary ion yield can

vary with crystal orientation. Ion channeling phenomenon in single crys-

tals can also complicate this situation. Ion yield can vary greatly with

the impinging ion. Of course, it has been shown that sputtering yield

of ions and neutrals is dependent on the mass and the energy of the

primary ion beam. Evidence of this is shown in Figure 12 from the work

of Winters (Reference 8), where the sputtering yield for copper is cal-

culated and compared with experimental data for neon on copper, argon

on copper, and xenon on copper. The increase in sputtering yield is seen

with an increase in mass of the primary ion. There is also a very large

influence on the sputtering yield with the angle of incidence, as shown

in Figure 13, for argon ions on polycrystalline copper (Reference 8).

Yields are also greatly influenced by the reactivity of gas making up the

primary ion beam. This is shown in Figure 14 (Socha, Figure 7) where the

yield of Al+ is shown as a function of time using argon and oxygen. In

the case of argon, there is a very fast rising spike in the yield which

corresponds to the natural oxide on aluminum. The yield drops off

* rapidly as the natural oxide film is removed. Bombardment with oxygen,

on the other hand, shows the same rapid rise, and then reaches an

*equilibrium sputtering rate which continues because of the reactivity

of the oxygen ion beam. This method of increasing ion yields has been

used by sputtering with noble gas ions onto a surface in which a very

small jet of oxygen or other reactive gas is directed. This allows the

19
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use of noble gas ion sputtering for which the sputtering rates are

well known and yet has the advantage of keeping sputtering rates constant.

One must remember either when sputtering with reactive gases or when

adding a reactive gas to increase the yield that the surface chemistry is

being changed, and that the true surface characterization of the original

surface is not being obtained. However, for certain purposes such as

producing sharp in-depth profile analysis which are not subject to yield

changes, such a technique must be employed. Many authors have shown

tables of data in which the secondary ion yield of positive and negative

species and of clean metals and pure oxides have been determined. Such

data is seen in Tables 4 and 5. Generally, these tables give approximate

values but the yields are so dependent on aspects such as the partial

pressure of reactive and unreactive gases in a system that probably
~standards must bb run in a particular system to obtain even secondary

standard samples. Yield data for Ar+ and Xe+ at higher voltage (8 KV)

are shown in Table 6 (Reference 13). Despite the fact that absolute

values of ion yield may not be the same as measured in another system,

it is extremely useful to have even semi-quantitative data available.

Numerous measurements have been made on the yield of both clean and oxide

covered surfaces. Yields have also been measured with both noble gas and

reactive gas sputtering. In the earlier and following tables, yields

for both clean and oxide covered surfaces for both positive and negative

species are shown taken primarily from the work of Werner (Reference 7)

• and of Benninghoven (Reference 6). In addition, measurement of

Benninghoven (Reference 27) on the yields of the secondary ions of the

species MeOn+ is given for 15 oxidized elements. Also, calculated values

are shown of the lowest detectable concentration for several elements

assuming a primary ion beam current of 10-8 ampere. The energy dependence

of the secondary ion yield is seen in Figure 15 from work of Wittmaack

(Reference 3). Calculations by Werner (Reference 7) show the relation

between ion current erosion rate, thickness of the removed layer, and the

minimum detectable limit in Table 10.

22
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TABLE 4

RELATIVE YIELDS OF SOME ELEMENTS FOR THE FORMATION OF NEGATIVE IONS,
S- O OIIEINS+ - +

el  OF POSITIVE IONS, rel , AND THE RATIO Srel/Sre1 (REFERENCE 29)

Al Fe Go Zr Cu PR Ag Pb Au

s, 4.4 2] 2 I 6.6 1.4 2.4 0.2 7.4

S+ 15.4 [] 0.9 0.6 0.35 0.13 0.05(0.51 0.04 0.02
rel

S- /S+ 0.29 (D 13.3 1.6 19 10 4.i4) 5.5 370

relstnce een: iron

TABLE 5

POSITIVE ION YIELDS FOR CLEAN METAL AND OXIDE SURFACE (REFERENCE 7)

ELEMENT Sclun aO S~oxide ,t SoxidelS'clean

, Mg 0.5x10 4x10 -3  1.6xi0-' 8xl0 - 1 20

Al 2x10-  I xl0- 2  2 I 100

V 1.3xl0
-  7xl- 1.2 6xlO

-1' I0

Cr 5xlO"3  3x10- 3  1.2 6xlO-' 20

Fe Ix10 - 3  5x10- 3.8x W-' 2xlO-' 380

m 3x10- 3  2x10- 4  2x10- 2  1xl10- 7
Cu 1.3x10- 4  7x10 4.5x10- 3  2x10-1 30

Sr 2xlO-* Ixl "0' 1.3x10-' 7xl0 - 2 700

23
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TABLE 6

ION YIELDS FOR SOME PURE ELEMENTS OBTAINED BY USING

XENON AND ARGON PRIMARY IONS (REFERENCE 13)

skYX1 SW Ar

W4.29 1w -
Al 7.2 m0
Fe 4.2 22.6
c 1.5 3.2
Pd 1.6 1.8
Cu 0.79 U.

Zn 0.95 3.2
Zr 0.56 3.0
Ni 0.09 3.7

*Ag 0.01 0.94
Cd 0.38 0.11
I In 1.67 5.0

S n 0.72
4Ta I I

Au 0.006 0.0W8
Pb 3.0 4.2

TABLE 7

ABSOLUTE SECONDARY ION YIELDS S(Me') FOR CLEAN AND OXYGEN COVERED SURFACES
(REFERENCE 7)

-Metal S(me+) S(Me+)
Clean suirface oxygen covered surface

*Mg 0.01 0.9
Al 0.007 0.7
Ti 0.0013 0.4

V 0.001 0.3
Cr 0.0012 1.2
Mn 0.0006 0.3

Fe 0.0015 0.35
Ni 0.0006 0.045
Cu 0.0003 0.007

Sr 0.0002 0.16
Nb 0.0006 0.05
Mo 0.00065 0.4

Ba 0.0002 0.03
Ts 0.00007 0.02
W 0.00009 0.035

SI 0.0084 0.58
1.,.Ge 0.0044 0.02
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TABLE 9

CALCULATED VALUES OF THE LOWEST DETECTABLE
CONCENTRATION FOR SOME ELEMENTS (REFERENCE 7)

Cmin

Elements S (ppma)

Cu 1.3 x 10- 4  150

Ni 3 x 10 3

Al 2 x 10 - 2  1

C.Cmin
Oxides S (ppma)

Cu 4.5 x 10 - 3  5

Ni 2 x 10 - 2  1

Al 2 0.01

106 706I I

Ar*

- At

V.

P'.9 10, w

70 , I I I

0 5 70 15 20
Primary ton energy 1keVj

Figure 15. Secondary Ion Intensity Y+ versus Primary Ion Energy
(Normalized to a Beam Current of IviA) (Reference 30)
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TABLE 10

RELATION BETWEEN PRIMARY ION CURRENT, EROSION RATE, THICKNESS OF
REMOVED LAYER AND MINIMUM DETECTABLE CONCENTRATION (REFERENCE 7)

Cmin - l/(zAb)

Primary Erosion Thickness of
Ion Rate -1 Removed Layer Cmin
i p(A) z(A s in ta = 200 s (ppma)

10- 8  2 400 A 10

10- 7  20 4000 A 1

10- 6  200 4 pm 0.1

Bombarded area Ab:100 Um (10
- 4 cm2

Concl. simultaneous Photoplate or
multi-element -- multi-collector
detection t I(electr detection)
Statistical fluctuations - (sputtered volume) -

In the SIMS technique using the ion microprobe large amounts of

material are sputtered away. In SIMS experiments with standard commercial

UHV instruments, less material is sputtered but still there is a good

deal of disturbance of the surface. However, if we want to investigate

a surface reaction on a solid without any disturbance of the reaction

itself by the ion bombardment, we must choose a lifetime of the monolayer

surface which is long compared with the time of ion bombardment. There-

fore, the primary ion current density has to be lower and in order to

compensate for this we have to bombard a large area. This technique in

which the average lifetime of a single monolayer is in the order of hours,

is called the static method of secondary ion mass spectroscopy (SSIMS).

Benninghoven (Reference 6) reports that the detection limit of a given

component in a single monolayer is between 10 and 0.01 parts per million

of one monolayer.

27
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Most SIMS instruments using quadrupole mass analyzers have at least

one mass unit resolution up to mass 300 or so. This resolution is

adequate for many purposes; however, if it is required to resolve some

analytical ions from interfering polyatomic ions, then much higher

resolution is required as shown in Table 11. (Werner (Reference 7) from

unpublished data of Evans.)

TABLE 11

TYPES OF INTERFERENCES AND TYPICAL EXAMPLES (REFERENCE 7)

I nterference I nerfering Anall. Required
til ion ion resolution

Multiply charged 2GSIl" 1N' 950

matrix ion G"M'* 'p. 3200
Matrix selyolymers " , 32S 1O

r ions 28si2 2M50

Prim. Ion-matrix Cu30 207pb . 1050
molecular ions Si'0 

75AS . 3250
AIOe "Co* 10

Hydride ions 30SIH + 3p+ 40
F + "Mn 4 33

SnH + Wsb. 19500

Hydrocarbon Ions C2H" . 27AI 650

C'H' CN 20

t : 28
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SECTION VI

ELEMENTAL PROFILING

In-depth elemental profiling has the ability to sputter the surface

and maintain a constant monitor of the composition with depth. Such

in-depth profiling may also be accomplished by ISS, AES, and PES using

sputtering techniques and with other techniques such as Rutherford

backscattering in which sputtering methods are not used. In addition to

the use of SIMS for elemental depth profiling going into the air solid

interface that method is also extremely useful for profiling through

solid-solid interfaces which may be far below the surface. A great

improvement in elemental depth profiling using SIMS is obtained when the

ion beam is rastered generally into a square pattern and the signal is

only accepted over a portion of the flat bottomed crater. This raster

gate technique is diagramatically shown in Figure 16 from work of Magee

et al (Reference 16). Another method of profiling with depth is to use

a high intensity static beam to sputter a deep crater into a material.

Then the beam is focused to a smaller size and the beam moved across the

edge of the crater or the sample moved under the beam. This method allows

for numerous repeat measurements of different areas around the crater,

as compared to the finite length of time possible during dynamic sputtering

and monitoring of a given element.

The ideal true profile is rectangular shaped with the measured

profile represented by an integrated error function. The interface with

delta t (in terms of sputtering time t) or delta z (in terms of depth z)

is arbitrarily defined as the interval where the density drops from 84%

to 16% of maximum signal, equivalent to two standard deviations (two

sigma of the error curve). Alternative definitions found in the literature

are based on the 90%/10% or the 95%/5% interval corresponding with 2.56

sigma or 3.29 sigma, respectively. In depth profiling, the desired

quantity is concentration which is a function of depth z and must be

derived from the measured intensity. Honig and Magee (Reference 23) point

out that there are numerous factors which contribute to an increasing

width of the interface (Reference 23), when profiling with ions. They

29
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YBEAM PATHI

ELECTRONICALLY
GATED AREA

SAMPLE SURFACE

CRATER

.

Figure 16. Raster/Gating Technique for Elemental Profiling (Reference 23)

list the following factors which influence the interface with the

greatest degree: 1) Instrumental (inhomogeneities and fluctuating primary

beam and so forth), 2) Initial Surface Roughness (imperfection, crystal

orientation and so forth), 3) Information Depth, 4) Ion Mixing Effect

and Lattice Damage, 5) Basic Sputtering Process (statistical consider-

ations), 6) Preferential Sputtering (surface enrichment), 7) Atomic

Migration, and 8) Chemical Reaction. An example of one broadening

source is shown in Figure 20, where the AES depth profile of nickel and

*chromium in a multilayer sandwich structure is shown from a smooth surface

and from a rough surface. The interfacial broadening of the rough sur-

face is seen in The AES depth profile in Figure 20.

A serious problem encountered in SIMS analysis is that of specimen

charging. Impact of energetic positive ions causes development of a

positive charge on the surface of the insulator. This charge will

influence or even prevent the emission of secondary ions. To overcome

this charging of insulators there have been numerous methods used, as

seen in Table 12. Some of these have significant limitations or

30
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TABLE 12

METHODS OF CHANGE NEUTRALIZATION (REFERENCE 7)

(1) Deposition of a conducting thin film or of a grid.

(2) Use of Cs+ as primary ions, in this way a conducting layer

is continuously built up by the primary ion bombardment.

(3) Compensation of the charging by means of an extra electron

beam.

(4) Use of neutral beams: the charging is reduced from the

case of positive primary ions, see equation (8), to:

AV = ri as the neutral beam does not bring any charge to
n s

* the surface.

(5) Application of special electrodes for draining excessive

negative charge.

(6) Shift of target holder potential VH by AV in a direction

opposite to the previous charging of the insulator.

contaminate the surface by coating a conductor on the surface of the

insulator. In the mechanism of the charging of the insulator surface the

impact of the positive ions cause secondary electron emission and

consequently positive charge buildup. The obvious way of removing this

charge is then to flood the surface with a beam of low energy electrons

restoring charge neutrality. This method of charge compensation by

electron bombardment is shown from work of Muller (Reference 22) in

Figure 17. Muller's method has the advantage that deflecting the electron

beam means that the surface of the sample cannot see the hot electron

source and therefore cannot be contaminated by material boiled from the

electron source. Since there is no direct line of sight, there is-

little heating caused by electrons from the filament. An example of

SIMS spectra in the high mass range from an insulator when using the

charge compensation method of Muller, is seen in Figure 18. Here strong,

sharp symmetrical peaks are observed well out into the mass 300 range

from the polymer Teflon.

31
),

>&

- -



AFML-TR-79-4123

0 uadrupole
ss range m/. 6-330

SR opfd diameter 15,6mm

SI-OPTIC

A, 8 0 1.5mm
E /E. 6mm

-I .C Elektron source.t -CFiT_,

Primary Jon '1 -

Target

Figure 17. Charge Compensation in a SIMS Instrument (Reference 22)

10 .20 . 50 .100 -200

Teflon
Ne' 2keV

793C.5F; 9  CF

205 CF 24 265

C75 217

197j 
Cos*

CVF 20F9 2C7
1620 66 C0 F

186 C 272 297
65 96 210 C 11F2S8 277 296312 C 3

313 327

Mass spcctrum (linear scalcO for thc positive sccondary ions frorn Tcflon ip it, m! = 330

Figure 18. SIMS Spectrum in Mass Range 160-330 from Teflon Using
Charge Neutralization (Reference 22)
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The quality of the depth profile (called the depth resolution) is

best described in terms of the measured width of an interface between

two layers, and is represented in Figure 19. Major limitations, as

seen by Honig and Magee (Reference 23), of depth profiling along with

their remedies for these limitations are shown in Table 13.

1. IMAGING

Secondary ion images that provide a two-dimensional elemental

characterization of the surface can be produced either by the scanning

microprobe method or by the direct ion imaging method. The method of

the scanning microprobe is directly analogous to the methods used in

-*the electron microprobe. In this case, a small ion beam is scanned

across the surface and the secondary ions are recorded. The spot is

rastered along the surface of the sample and synchronized with a cathode

ray tube (CRT), such that an ion image may be developed on the CRT. Major

components for an ion microprobe mass analyzer are shown in Figure 21.

Another method of producing an image could more properly be called an

ion microscope. This is an instrument which combines a mass spectrometer

with an ion imaging microscope. The instrument forms a surface distribu-

tion map of the elements sputtered away from the surface of the specimen.

An instrument of this type is seen in Figure 22. Here an electrostatic

immersion lens is used to extract the secondary ion beam and to direct

it to a special mass spectrometer which has both radial transverse

focusing properties. The mass spectrometer portion separates the masses

so that a given atomic mass may be selected. The ion beam passes through

the magnetic field's electrostatic mirror which reflects the beam back

through the magnet to the exit slits. The ion beam, however, is preserved

as an ion image which is then projected on an image converter which

produces an equivalent electron image. This image may be displayed on a

fluorescent screen for direct viewing or photographed in the same manner

as with an electron microscope. The screen may also be removed and direct

electronic readout may be obtained using a scintillator system.
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Figure 20. Influence of Roughness on Elemental Depth Profile
Width and Resolution (Reference 23)
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TABLE 13

LIMITATIONS AND REMEDIES IN DEPTH PROFILING (REFERENCE 23)

MAJOR LIMITATION REMEDY

0 CONVERTING SPUTTERING TIME t INTO DEPTH z & MATCH FILM TO SUBSTRATE (SIMILAR
ESPECIALLY AT INTERFACE YIELDS Y, RATES i)

* CONVERTING MEASURED INTENSITY I INTO TRUE e SIMS: OXYGEN-FREE SYSTEM, OR SATURATE
CONCENTRATION C WITH 02

o MICROSTRUCTURE AND CONE FORMATION o OPTICALLY FLAT SUBSTRATE

e AMORPHOUS LAYERS, IF POSSIBLE
e APPROPRIATE ION SPECIES (N2

+ 
OR O2 + )

* PREFERENTIAL SPUTTERING WITH SURFACE S SIMS RATHER THAN AES OR XPS
ENRICHMENT

0 EXCESSIVE INFORMATION DEPTH * AES, XPS: CHOOSE LINE CLOSE TO MINIMUM

* LATTICE DAMAGE * SIMS: USE LOWEST FEASIBLE ION ENERGY

e CHEMICAL EFFECTS (REDUCTION OF OXIDES) * XPS: USE MINIMUM ION ENERGY, MOST
SUITABLE ION SPECIES

o MOBILE SPECIES IN INSULATING MATRIX CHARGE NEUTRALIZATION: BY SEPARATE
(e.g. Na/Si02 ) ELECTRON BEAM OR ELECTRODE, OR

CHOICE OF SAMPLE ANGLE

2KV
00 it-

-SNv

-150v "

SAMPLE

Figure 21. Components of an Ion Microprobe
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An example of a typical ion image in this case prepared by the

scanning ion microprobe is shown in Figure 23. Here the image of an

aluminum grid pressed into gold (Reference 24) is shown using 27Al+ ions.

The picture shows an area 300 micrometers (Reference 2) and required two

seconds to expose.

Another concept in imaging is shown in Figure 24 where the SIMS

apparatus is coupled with a high resolution scanning electron microscope

(Reference 25). Here a leak valve admits a suitable gas into the ion

source region where ions are produced and accelerated at voltages up

to 5 KeV. Lens assemblies permit focusing of the ion beam from less

than 100 micrometers to a few millimeters diameter on the specimen

surface. Deflection plates enable scanning of the ion beam for imaging

or depth profile purposes. To prevent contamination from diffusion pump

oils depositing on the specimen surface, a liquid nitrogen (LN2) cold trap

is used either surrounding the specimen or in the inlet to the diffusion

pump. A gas capillary jet directed at the specimen surface may be used

to reduce surface contamination from hydrocarbon pump oils. The use of

oxygen in the capillary jet when a noble gas is used for sputtering

also provides an active gas on the surface to maintain high and constant

secondary ion yields.
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Figure 23. Scanning Ion Image of an Aluminum Grid on Gold
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SECTION VII

SIMS AS A COMPLEMENT TO OTHER METHODS OF SURFACE ANALYSIS

It is recognized that SIMS has been used successfully as a stand-

alone technique to solve many surface problems. However, it appears

that the area of greatest use of the SIMS technique is as a complement

to other surface characterization methods. The extremely high sensitivity

for some elements can be taken advantage of by using SIMS with other

techniques in which these elements do not show such high sensitivity.

The high sensitivity of SIMS for hydrogen and low atomic number elements

is a particular advantage when SIMS is used with techniques such as

ion scattering. Since ion scattering and each of the other surface

characterization methods in which profiling data is obtained by erosion

uses an ion beam, it is only natural to take advantage of this erosion

by ions by analyzing these sputtered species. Figure 25 shows typical

arrangements for complementary use of SIMS with ISS and AES. Even when

the usual geometry cannot be used in an existing instrument, a little

ingenuity in design can provide good SIMS results such as in the design

of Figure 26. An area in which SIMS proves very valuable is to dif-

ferentiate between nearby elements in which sufficient resolution is not

obtained in the accompanying technique. Such an example was reported

where the ion scattering spectrum of a foil lining screw cap showed only

an unresolved peak which could have been either indium or tin. SIMS

data on the other hand, showed unmistakably that a mixture of the two

* elements were present in the foil liner. Still another extremely useful

'area is a similar example as shown in Figure 27 where the titanium alloy

Ti6Al4V has been treated with a commercial phosphate fluoride treatment

and gives the ion scattering spectrum to the right of the figure. It can

be seen that the surface is contaminated but it is not obvious whether

the contaminated peak is calcium or potassium. The SIMS data to the

left of the ISS spectra shows that primarily calcium is present on the

surface and is responsible for the shoulder on the side of the titanium

peak. Note also the vanadium at atomic mass No. 51 and the inability

of ISS to differentiate between titanium and vanadium.

39

4t



AFML-TR-79-4123

z

coo

0 hI

I-I

440

h U)

L' 
-  

n. . .!

.ln

-i~

-LA-

0



AFML-TR-79-41 231

ENEI
E-BEAMQUADRUPOLE

ANALYZER MAN IPULATOR

Figure 26. A Unique Design to Allow Simultaneous AES & SIMS
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The extremely high sensitivity for low atomic number elements such

as beryllium was taken advantage of in the solidification behavior of a

Be4 0Ti50 Zrlo glass. It was found in this study and illustrated in

Figure 28 that an excess amount of beryllium was found on the surface

of the as-cast material. The material was quenched rapidly on a copper

plate and traces of copper on the alloy surface were found. Cluster

spectra in the region of mass 25-30 also shows that the beryllium is

probably in an oxidized state or exists as a hydroxide on the surface.

Thus SIMS by inference gives somewhat more information than techniques

giving only elemental characterization information. In addition to

showing sensitivity for many low atomic number elements, the SIMS

technique has high sensitivity for many high atomic number elements.

An example of this is shown in Figure 29, where a small amount of lead

(Pb) impurity is seen in uranium dioxide. This lead impurity was not

observed or separated in any of the 6ther elemental techniques.

Mass resolution of SIMS is clearly an aid to ISS when examining

certain groups of elements having adjacent mass numbers which cannot be

resolved by ISS. Figure 30 shows the ISS spectra of chemically cleaned

aluminum and aluminum treated with a dilute sodium silicate solution.

While the slight shift in the aluminum peak position suggests silicon,

it is insufficient except for very questionable qualitative analysis.

Figure 30 shows the SIMS spectra of the same samples. The ratio of

silicon to aluminum in the outer layers of the silicate treated aluminum

appears to be about three to one. Depth profile analyses showed the

thickness of the silicate coating to be only a few monolayers.

Baun (Reference 32) showed a very similar example in a study of

adhesive bonding surfaces on aluminum alloys. Even "as received"

materials show surprising surface composition as seen in Figure 31 where

SIMS and ISS data on 2024 aluminum alloy (degreased) indicate high

magnesium concentration at the surface. Conventional alkaline cleaning

treatments do not etch the surface appreciably, leaving the surface

magnesium rich. Such a surface when adhesively bonded may exhibit long

time durability anomalies when compared with bonded structures in which

formation of aluminum oxide has been ensured. The same author
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(Reference 33) also showed that ion scattering spectrometry and secondary

ion mass spectrometry provide useful information on the locus of failure

in an adhesive joint even when the film is only on the order of atomic

dimensions or when the failure occurs near the original interface and

includes parts of both the adhesive and adherend. SIMS was a near

necessity in providing analysis of neighboring elements with the required

sensitivity for adhesive bonding research.
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SECTION VIII

APPLICATIONS

Many of the papers which appear in the literature concern primarily

the technique ofusig SIMS; however, as the method becomes better

developed more and more applications will appear. In the accompanying

bibliography many Illustrations are seen in which the technique is used

either by itself or as a complementary method to another surface

characterization tool. For instance, it is used for the study of thin

films (2H), the surface chemistry of stainless steels (3A), silicon

oxygen interaction (3F), surface oxidation studies on iron (SD), and of

copper beryllium surfaces (9F). The index to the bibliography provides

a comprehensive list of applications of SIMS.

Sparrow (Reference 34) has shown numerous applications of SIMS such

as depicted in Figure 32, speLtra from three aluminum castings prepared

for painting. Sparrow shows that in many cases, particularly castings,

metal surfaces are physically abraded prior to deposition of paints,

polymers or laminates. These techniques serve two distinct purposes:

1) they remove the undesirable, thick surface oxides and contaminants,

and 2) they produce a modified surface texture more desirable for the

finished surface. The normal automatic mechanical techniques used

occasionally do not remove contaminants sufficiently. Figure 32 illus-

trates SIMS spectra from three cast Al devices analyzed prior to paint

coating. Specimen C indicates the original Al as received contains

substantially high levels of Na, Mg, Si, and Ca. Sample B was sanded

mechanically but still exhibits unusually high levels of Si. Both Al

surfaces B and C resulted in paint coatings which exhibited early peeling

and corrosion during normal exposure to humid environments. Manual

sanding prior to paint coating resulted in removal of most Si as

illustrated in A and yielded a product with an extended lifetime under

similar environmental conditions. Sporadic and variable performance

could also be correlated with the normal variations in surface concen-

trations of these contaminants on the original casting as received.

Sparrow (Reference 35) has also developed a relationship used to calculate

SIMS relative sensitivities which has been found to be extremely
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A. Superior Product B. Inferior Paint C. As Received
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Figure 32. SIMS Spectra from Three Al Castings Showing
Insufficient Removal of Contaminants Causing

* Reduced Weatherability of Paint Coating (Reference 34)

valuable for general use in providing reliable quantitative approximations

for most materials. Further, more accurate relationships can be used for

each specific problem; however, this relationship is reasonably accurate,

simple, and convenient for general applications.

Several applications of this technique to catalysts have been made.

Figure 33 illustrates results for one of these applications. Small

Al203 beads approximately one millimeter in diameter homogeneously treated

with Ni and Mo were analyzed to determine the cause of failures to

rejuvenate spent catalyst. It is obvious that the spent catalyst is

contaminated with Fe and low in Ni.

DiBennedetto and Scola (Reference 36) have used both ISS and SIMS to

characterize surfaces of treated glass fibers and fiber/polymer inter-

faces. The results show how SIMS can be used to study the chemistry at

the surface and chemical changes on the surface and at interfaces. By

working at low power levels with insulator surfaces, the SIMS analysis

showed changes in the structure of a polymerized silane coating as a

function of depth of penetration into the interface. The concentration

of nitrogen and hydrogen generated from the surface maintained a

relatively constant level as the distance from the air-silane interface

increased; then within 160A into the surface, a dramatic increase in the

49

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

I , . . . . - - -. -- ,



AFML-TR-79-4123

-- $2708

SULK FRESH SPENT
ANALYSIS CATALYST CATALYST

344

232

2623

" In

0 .AN 1S 9~ 1. AuN .

Figure 33. Quantitative Results Obtained from SIMS Analysis
of Fresh & Spent NI/Mo Catalysts (Reference 35)

nitrogen level was noted, to a depth of 240A. In this region, the

simplicity of the SIMS spectra, with major peaks corresponding to the

atomic constituents of y-aminopropyltriethoxysilane, namely, H, C, N, 0,

and Si, suggested that low-molecular-weight oligomer was present in this

region. This means that the silane coating was not sufficiently cured

to provide a mechanically stable interface. Finally, from 240A to the

silane-glass interface, the nitrogen and hydrogen generated from the

surface reached a lower constant level but about three times higher than

that generated from the air-silane domain. This suggests that the

silane polymer coating adjacent to the glass interface is different from

the silane polymer at the air interface. Thus, it is clear that the

ISS/SIMS technique can be used to define the interface and interphase

regions and also to follow changes at the interface due to a chemical

reaction.
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SECTION IX

SOURCES OF INFORMATION ON SIMS

SIMS is similar to many areas of research in that there is no one

place in which much of the data is published. There is a relatively

large bank of data, but it is scattered among many journals and periodicals.

There are, of course, various abstracting services such as Chemical

Abstracts, Physical Abstracts, and Science Abstracts. There are numerous

reports and patent search services, both private and in the government

sector. Several services may be subscribed to and include Current

Contents (Institute for Scientific Information, Philadelphia, Pa) which
I

reproduces the contents of current journals and other services such as

Index to Scientific and Technical Proceedings. The Chemical Abstracts

Service (POB 3012, Columbus, Ohio) also offers numerous services including

the very useful "CA Selects," produced every two weeks by a computer

search of Chemical Abstracts. "CA Selects" is based on a concept pioneered

by United Kingdom Chemical Information Service. Several "CA Selects"

topics are of interest to the surface analyst. A sample page from the

title, Surface Chemistry (Physiochemical Aspects) is shown in Figure 34.

The Mass Spectrometry Bulletin published monthly in the United Kingdom

has, in Section 6, "Surface Phenomena and Solid State Studies." A sample

column is shown in Figure 35 from Section 6.

Early SIMS bibliographic material to 1972 was published by Balzers

Corporation and the 3M Company maintained a SIMS bibliography of more

modern work. There have been numerous SIMS reviews as seen in the attached

bibliography.

Appendix C is the compilation of early literature by Balzers.

Appendix D is a computer search of recent (1972 - present) SIMS references.
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Page 13 CA Selects-Surface Chemistry Issue 12, 1978

88: 181773q A comparison of a theoretical model and of thin rm and the surface layers of solids. Liebich, V.;
sensitivity factor calculations for quantification of SIMS Mai H. (Cent. Inst. Hard Subet. Mater., Dresden, . Gar.).
data. Smith, David H.; Christie, W. H. (Anal. Chem. Div., Pro . xi. Therd. Tela Materialoved., Tr. Siop., Akad. Nauk
Oak Ridge Nati. Lab., Oak Ridge, Tenn.). Int. J. Mass SSSR GDR lIM6, 411-13 (Rus). Edited by Orlov, A. N.;
Spectrom. Ion Phys. 1978 26(1), 61-76 (Eng). The theor. local Roshsnakfi, V. N.- Kremenakaya, 1. N. "Naukal: Moscow,
thermal equil. model of C. Andersen and J. Hinthorne (1973) USSR Tech. moificatiom to the MS 7 mis spectrometer in
and the empirical method based on using av. relative snsitivity order to reduce crater depths produced by spark discharges are
factors for detg. surface element concna. by secondary-ion mans briefly described. The shallower crater depths were preferred for
spectroscopy were compared by using '-1000 date pointo anal. of thin films and solid surfaces Crater depths of 0.04-0.13
obtained from 13 glass and 5 Fe stda. The result showed that, im on the surface of metal samples and of 0.02-1 pm on Cu
if a suitable set of sensitivity factors can be obtained, more layers on glass substrates were obtained. H. P. Maskova
accurate results were obtained through their use. Exptl. results
were within a factor of 2 of the expected values 86% of the time 88: 181974f Low-sergy Ion scattering (LK) for cempeitiom
when the sensitivity factor method was used, but were within and structure analysis of the outer surface, Brongerma. H.
that factor only 55% of the time when the theor. model wan H.; Buck, T M (Philip Re. Lab., Eindhoven, Neth.). Nuc.
used. The advantages and disadvantages and exptl. considerations Instrum. Mehd 117, 149(1-3), 675 (Eng). The energy
for each method were discussed in detail. distribution of low-energy ions (1-2 keV) scattered at some

specific angle from a solid surface, can provide information on
88: 181857v The determination of adsorbed sodium, pots- the mass, or identity, and the no. of surface atoms, through the

slum, magnesium, and calcium on sediments containing energy position and magnitude, rep., of peaks in the spectrum.
calcium carbonate and magnesium carbonate. Neal, Colin The sampling depth is restricted to 1-2 atom layere. For
(Inst. Hydrol., Wallingford, Engl.). Clays Clay Miner. 19177, ti g tal targets, surface structure or atom location information
25(4), 253-8 (Eng). A method is described for the detn. of Ns, can be derived from shadowing and multiple scattering effects.
K, Mg, and Ca cations adsorbed on clay minerals mixed with Applications to equil. surface segregation in alloys and the
CaCO 3 and MgCO& The exchangeable cations are displaced by location of S atoms on the Ni (001) surface are shown as
using an ethanolic LiCI-CsCI smn. Blank detna. using either a examples. The importance of inelastic effects is discussed.
second ethanolic leach or a second LiCI-CsCI leach are used to
correct for carbonate dissoln. The method was tested by using 88: 182048u Use of poly(organesilaequiozanea) as sanrbt
mixts. of homoionic forms of smectite and kaolinite with either in liquid chromategraphy. Ivanova, N. T.; V-syukov, S. E.;
CaCOa or MgCO3. The nectite and kaolinite had total cation Syavtaillo S. V.; Vislykh, N. A.; Demchenko, A. L; Laskutnikova,
exchanle capacities of 765 and 39.8 mequiv/kg, reasp., and the G. G. (USSR). Usp. Gazov. Khromatogr. 1975, 4, Pt 1,
amt. of cation exchanged varied directly withthe proportion of 211-16 (Russ). Synthesis of poly(methylail eequioxane),
clay mineral in the mixt. Tests with smectite-CaCOs mixts. in poly(methylphenyleisquiuns), and poy(v" y " " )
sea waters of various salinity vindicated the use of the method by hydrolytic polycondenstion of the corresponding chlorosilane
with heteroionic forms of smectite and suggested that the is described and the physs. properties (sp. surface, thermal
fixation effect reported in other studies of clay minerals in stability) of the products are given. The sorbent can be used
estuarine conditions may be an artifact. for liq. chromatog. of different types of corpd. Retention data

of some compda. contg. Cl and ether and amino groups are
88: 18104h ESCA investigation of the aside layers on tabulated. H. Bulantova

some chromium containing alloys. Storp, S.; Holm, R. (lng.
Ber. Angew. Phys., Bayer A.-G., Leverkusen, Ger.). Surf. Sc . 88: 182658 Porous polyarematie beads. I. The use of
1177, 68, 10-19 (Eng). Cr in oxide layers formed on Cr, brominated polymers in gas chromatography. Lindsay
stainless steel, and Vitallium, and Fe in oxide layers formed on Smith, John R.; Tameah, Aanm H. H.; Waddington, Did.
Fe and a Fe-Si alloy were dead. by ESCA. The oxide layers were (Dep. Chem., Univ. York, York, Eng.). J. Chromatogr. 1178,
formed by heating in air and exposure to HiO and HNOs solns. 148(2), 365-71 (Eng). Two cor. available porous arom. polymer
Cr-rich oxide layers were obtained after heating in air at >400* beads used for gas chromatog., Porapek Q and Chromosorb 102,
and after exposure to HiS and HNOs. Fe(Il) oxide was obtained were brominated. The resulting polymers are sigificantly more
in larger auts. on stainless steel than on the Fe and Fe-Si alloy stable to heat and when treated with Br in CC 4 (with or
samples. For samplas cantg. Mo and exposed to HtO and HNOs, without thalium(Ill) acetate), the materils become much more
the Cr oxide/MoO/l) oxide ratio was -10:1; Mo(IV) wan also suitable for the sapn. of polar adsorbates such as alca. and
present. carboxylic acids. The retention times of the adsrbates depend

on the method of bromination used.
88: 181915n Spark mass spectrometric method for analysis

Figure 34. Sample Page from CA Selects "Surface Chemistry"
(Physiochemical Aspects)
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SECTION 6
SURFACE PHENOMENA AND
SOLID STATE STUDIES

548 Sputtering of Fe(iii) crystal under Ar(+) and Kr(+) ion bombardment

Bhattacharya R.S., Basu D., Karmohapatro S.B.
Indian J. Phys. V.48 N.lO P.941-3 1975
Ion impact, Single crystal, Sputtering, Surface, Ar, Kr

549 Ion penetration

Brown F.
PR-CMa-32 AECL-5122 Atomic Energy of Canada Ltd., Chalk River Nuclear
Labs, Ontario, Canada Sect.l-2 P.8-21 1975
Channelling, Cross section, Ion impact, Ion implantation, Ionization, Range,
Scattering, Single crystal, Surface, Al, Si, Cu, Ge, Kr, Pt, Silicon

I

550 Study of the Systems silicon-alumina and silicon-silica-alumina
by mass spectrometry of secondary ions (Russian)
Didenko P.I., Litochenko V.G., Marchenko R.I., Romanova G.F.
Poluprovodn. Tekh. Mikroelektron. N.18 P.90-2 1974
Scattering, Scattering-ions, Secondary emission, Secondary ion emission,
Sputtering, Surface, Temperature effects, Al, Si, A102(+), AIO(+),
Semiconductors, SiO(+), Silicon-alumina system

551 Photoemission of positive ions in the reaction of nitrogen with
hydrogen on platinum
Zav'yalov S.A., Gutman E.E., Myasnikov I.A.
Russian J. Phys. Chem. V.49 N.I. P.137-9 1975 Trans. from Zh. Fiz. Khim.
V.49 N.I. P.237-8 1975
Adsorption, Chemical reactions, Free radicals, Ions, Photon impact,
Secondary emission, Secondary ion emission, Surface, Temperature effects,
H, Hydrazine, Platinum

552 Diatomic versus atomic secondary ion emission
Wittmaack K., Staudenmaier G.
Appl. Phys. Lett. V.27 N.6 P.318-20 1975
Ion impact, Microprobe, Molecular ions, Quadrupole, Secondary emission.
Secondary ion emission, Sputtering Surface, Yield, Al Si, Ar, Ti, V, Cr,
Ne, Mo, Ta, W, Au, Niobium, Silicon Tantalum

553 Redeposition of sputtered species during ion etching of Cu, Ag,
and Au
Miller A.C., Czanderna A.W.
J. Vacuum Sci. Technol. V.12 N.5 P.1086-7 1973
Ion impact, Scattering, Scattering-ions, Sputtering, Surface Ne, Cu, Ag,
Au, Copper foil, Gold foil, ISS, Silver foil

Figure 35. Sample of a Column from Section 6 of the Mass Spectrometry
Bulletin (United Kingdom)
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554 Bombardment of field-emission cathodes by positive ions formed
in the interelectrode region
Brodie I.
Int. J. Electron, V.38 N.4 P.541-50 1975
Electrons, Field ionization, Ion impact, Ionization, Source, Sputtering. H

555 Secondary-electron emission in the backward and forward directions
from thin carbon foils traversed by 25-250 KeV proton beams
Meckbach W., Braunstein G., Arista N.
Phys. B (Atom. Mol. Phys.) V.8 N.14 P.1344-9 1975
Electrons, Energy distribution, Ion impact, Retarding potential measurements
Secondary emission, Secondary electron emission, Surface, Carbon foil

556 Experiments on compound analysis by secondary ion mass spectr-
ometry (German)
Dittmann J.
Mikrochim, Acta, Suppl.6 P.359-71 1975
Chemical binding energy, Excitation, Fragmentation mechanism, Ion impact,
Ions, Kinetics of ion formation, Low resolving power data, Molecular ions,
Negative ions, Secondary emission, Secondary ion emission, SIMS, Steel, H02

557 Average energy of sputtered ions from fifteen polycrystalline targets
Jurela Z.
Int. J. Mass Spectrom. Ion Phys. V.18 N.2 P.101-10 1975
Energy distribution, Ions, Kinetic energy, Negative ions, Sputtering,
Theoretical, Yield, C, Mg, Al, Si, Mn, Co, Ni, Cu, Ge, Me, Ag, Ta, W, Pt, Au

558 A quantitative model for the interpretation of secondary ion mass
spectra of dilute alloys
Gries W.H., Rudenauer F.G.
Int. J. Mass Spectrom. Ion Phys. V.18 N.2 P.111-27 1975
Chemical binding energy, Energy distribution, Ion impact, Ions, Secondary
emission, Secondary ion emission, Sputtering, Surface Theoretical, Yield,
Mg, Al, Si, Ar, Ti, Cu, Alloys, Aluminum, Copper, SIMS

559 Secondary ion mass spectrometry
Evans C.A.
9th Great Lakes Regional ACS Mtg., College of St. Thomas, St. Paul, Minn.,
USA 4-6 June 1975 Abstr. N.62
Conference, Ion impact, Microprobe, Secondary emission, Secondary ion
emission, Sputtering, Surface, SIMS, St. Paul

560 Surface analysis by ion scattering and secondary ion mass spectroscopy
Gen R.F.
9th Great Lakes Regional ACS Mtg. College of St. Thomas, Ts. Paul, Minn.,
USA 4-6 June 1975 Abstr. N.63
Conference, Detection limit, Ion energy loss spectra, low impact, Ions,
Negative Ions, Scattering, Scattering-ions, Secondary emission, Secondary
ion emission, Sensitivity, Sputtering, Surface, ISS SIMS, St. Paul

Figure 35. Concluded.

54

,q.

- .-



AFML-TR-79-4123

REFERENCES

1. F. Arnot and J. Milligan, Proc. Roy Soc. A 156, 538 (1936).

2. R. Herzog and F. Viehbock, Phys. Rev. 76, 855 (1949).

3. R. Honig, J. Appl. Phys. 29, 549 (1958).

4. G. Carter and J. Colligon, Ion Bombardment of Solids, Heinemann
Educational Books, London, 1968.

5. M. Kaminsky, Atomic and Ion Impact Phenomena on Metal Surfaces,
Academic Press, New York, 1965.

6. A. Benninghoven, Surf. Sci. 53, 596 (1975).

7. H. Werner, Vacuum 10, 493 (1974).

8. H. Winters, Advances in Chem. Sci. 158, M. Kaminsky, Ed. ACS, 1976.

9. J. McHugh in "Methods of Surface Analysis," A. Czanderna, Ed.,
Elsevier, Amsterdam, 1975, p. 223.

10. Joyes, J. Phys. Chem. Solids 32, 1269 (1971).

11. J. Schroeer, Surf. Sci. 34, 571 (1973).

12. A. Czanderna, A. C. Miller, H. F. Helbig, Paper No. 128, Scanning
Electron Microscopy/1978, Apr. 1978, Los Angeles, CA.

13. A. Socha, Surf. Sci. 25, 147 (1971).

14. H. Liebl, Anal. Chem. 46, 22A (1974).

15. P. H. Dawson and P. A. Redhead, Rev. Sci. Instr. 48, 159 (1977).

16. C. W. Magee, W. L. Harrington, R. Honig, Rev. Sci. Instrum., 49,
477 (1978).

17. M. G. Dowsett, R. M. King, and E. Parker, J. Phys. E 8, 704 (1975).

18. A. Benninghoven, Surf. Sci., 39, 416 (1973).

I 19. R. Herzog, W. Poschenrieder, and F. Satkiewicz, Proc. Int. Conf.
Ion Surface Interaction, Ed. R. Behrisch and W. Heiland Gordon &
Breach, London, 1972, p. 173.

20. A. Benninghoven and A. Muller, Phys. Lett. 40, 169 (1972).

21. C. A. Evans, Jr., Anal. Chem., 44, 67A (1972).

22. G. Muller, App. Physio., 317, (1976).

/.- 55

%It o



AFML-TR-79-4123

REFERENCES (CONCLUDED)

23. R. Honig and C. W. Magee, Surf. Char. Symp., Pittsburgh Conf.,
Cleveland, Ohio, Mar. 1978.

24. H. Liebl. J. Appl. Phys. 38, 5277 (1967).

25. J. A. Leys and J. T. McKinney, 10th Ann. Meeting, Microbeam
Analysis Soc., August 11-15, 1975, Las Vegas, Nevada.

26. A. Benninghoven and E. Loebach, Rev. Sci. Instrum 42, 49 (1971).

27. C. Plog, L. Wiedmann and A. Benninghoven, Surf. Sci. 67, 565 (1977).

28. A. Benninghoven and W. Sichtermann, Anal. Chem. 50, 1180 (1978).

29. H. W. Werner, Bev. in App. Spectros. 7A, 239 (1969).

30. K. Wittmaack, Surf. Sci., 53, 626 (1975).

31. J. A. Leys and J. T. McKinney, Proceedings 9th Microbeam Analysis
Society of America, July 1974, Ottawa, Canada.

32. W. L. Baun in Characterization of Metal and Polymer Surfaces,

Vol. 1, Academic Press, 1977, p. 375.

33. W. L. Baun, J. Adhesion 7, 261 (1976).

34. G. R. Sparrow, 2nd International Conference on Deburring and
Surface Conditioning, Soc. of Manufacturing Engineers, Jun 7-9,
1977, Chicago, Ill.

35. G. R. Sparrow, American Society for Mass Spectrometry, San Diego,

CA, May 1976.

36. A. T. DiBennedetto and 0. A. Scola, J. Coll. Inter. Sci. 64,
480 (1978).

6

, 56



~, w " -- ----

AFML-TR-79-4123

qI

q

APPENDIX A

STABLE, NATURALLY OCCURRING

ISOTOPES AND THEIR ABUNDANCES*

F

4

*Compiled by 3M Co., St. Paul, MN
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RELATIVE ABUNDANCES
OF NATURALLY OCCURRING ISOTOPES

a. A-- 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 H 99.9 .01
2 He .100

3 Li 7.4 92.6

4 Be -- 100

5 B -- 18.3 81.7
6 C 98.9 1.1

7 N - -- 99.6 0.4
O -- --- 99.8 0.0410.20

9 F 100
10 No -909

at A- 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

10 (Ne) 0.3 8.8
11 Na 100

I 12 Mg 78.6 10.1 11.3
13 Al 100
14 Si - 92.2 4.7 3.1
15 P 100

16 S 95.0 0.8 4.2 0.02
17 Cl --- 5.5 24.5

18 Ar -034 0.06 99.6

19 K 93.1 0.01

20 Ca ,-97.01

12 A-* 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
19 K 6.9
20 Ca -- 0.6 0.1 2.1 .003 0.2
21 Sc 100
22 Ti 80 7.3 74.0 5.5 5.2

23 V .0.3 997
24 Cr -- . 3 83.8 9.6 2.3
25 Mn -100
26 F 5.8 91.7 2.20.3
27 Co - 00
28 Ni 67.8 26.2

24 A-- 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

28 (N) 1.2 3.6 1.2
29 Cu - -69.1 30.9
30 Zn 48.9 27.8 4.1 18.6 0.6
31 Ga -60.5 39.5

32 Go 20.5 27.4 7.7 367 7.7
33 As 100

34 S- 0.9 9.0 7.6 23.5 49.8

35 Br 50.6
36 Kr I 0.4 2,3

at A-. 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

34 (Se - 9.2
35 1Br) 49.4
36 Ki) - 11.5 11.5 56.9 17.4
37 Rb 72.2 27.8
38 Sr 0.6 9.9 7.0 82.5
39 Y --- 100

40 Zr - -51.5 11.2 17,1 17.4 2.8

41 Nb - 100
42 Mo - 15.9 9.1 15.7 16.5 9.5 23.7 9.6
43 Tc DOES NOT OCCUR NATURALL Y I
44 Ru I 5 I -- .6 1.9 12.7 12.6
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--4 A 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 1 IL 119 120
44 (Ru) 17.1 31.6 18.5
45 Rh - 100
46 Pd -1.0 11.0 22.2 27.3 26.7 11.8
47 Ag - 51.4 48.6
48 Cd 1.2 0.9 12.4 12.7 24.1 12.3 28.8 7.6
49 In -4.3 95.7
so Sn 0.9 0.6 0.3 14.2 7.6 24.0 8.6 33.0
51 Sh
52 To 10.1
*I A-* 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140
50 (Sn) - 4.8 6.0
51, (Sb) 57.3 42.7
52 (To) - 2.4 0.9 4.6 7.0 18.7 31.8 34.5
53 I-100I
54 Xe 0.1 0.1 1.9 26.4 4.1 21.2 26.9 10.4 8.955 Cs L100

56 Ba 0.1 0.1 2.4 6.6 7.8 11.371.7
57 La - 0199.9
58 C 0.2 0.2 88.5
2E A-. 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160
58 C 11.1
59 Pr 100 

560 Nd -- t27.1 12.1 23.8 8.3 17.3 5.8 5.6
61 Pm DOES NOT OCCUR NATURALLY
62 Sm 3.2 15.1 11.3 13.8 7.5 26.6 22.59
63 Eu 47.9 52.1
64 Gd -- 0.2 2.1 14.7 20.5 15.7 24.9 21.9
66 Th 100
66 Dy 0.1 0.1 2.3
I& A-A 161 162.163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 10

66 (Dy) 18.9 25.5 24.9 28.2
67 Ho 100
68 Er 0.1 1.6 33.4 22.9 27.1 14.9
69 Tm 100
70 Yb 0.2 3.0 14.3 21.8 16.1 31.9 12.7
71 Lu 197.4 2.6
72 Hf - 0.2 5.2 18.5 27.1 13.8 35.2
73 Ta - 0.0174 W 0.2

Ot, A- 181 182 183 184 18S 186 187 188 189 1190 191 192 193 194 195 196 197 198 199 200
73 ITS) 99.9
74 (W) -- 26.4 14.4 30.6 28.4
75 Re 37.1 62.9
76 0a 0.02 1.58 1.6 13.3 16.1 26.4 41.0
77 Ir -38.5 61.5
78 Pt .01 0.8 32.9 33.9 25.2 7.19
79 Au 100
80 Ho -. 0.2 10.0116.823.1
ft A- 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 210 220
80 (Hg) 13.2 29.8 6.9
al TI . • 29.5 70.5
82 Pb 1.4 25.2 21.7 51.7
83 84 -100

84 (Po), 85, (At), 6 (Rn), 87 (Fr), 88 IR), 89 (Ac), DO NOT OCCUR NATURALLY

94~~~~~~ ~ ~ A- 121222324252627282 23012311 ___ ___ 4238 23612371236 230 2401
91 Th 100
91 Ps 100

92 U .006 0.7 99.3
93 (Np),94 (Pu), 95 (Am), 96 (Cm), 97 (Bk), 98 (Cf), 99 (Es), 100 (Fm). 101 M.d), 102 (No), 103 (Lw).
DO NOT OCCUR NATURALLY
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I. ABSTRACTING AND CURRENT AWARENESS PUBLICATIONS

A. AMERICAN CHEMICAL SOCIETY
1155 Sixteenth St. N.W.
Washington D.C. 20036

a.) ACS PUBLICATIONS

i.) ACS Single Article Service

Biweekly. It consists of the table of contents of 18 ACS
journals:

ii.) Chemical Titles (CT)

Biweekly. CT is a current-awareness publication which
reports the titles of recently published papers of chemi-
cal interest. CT is designed to alert chemists and chemi-
cal engineers to current information appearing in approx-
imately 700 of the world's most important chemical
journals. Each issue contains a keyword index.

iii.) CA Selects

Biweekly. A CA Selects is published for 36 different
subject areas, document coverage is the same as for

* Chemical Abstracts. Each issue contains abstracts on
that subject.

b.) CHEMICAL ABSTRACTS SERVICE DIVISION

P.O. Box 3012
Columbus, Ohio 43210

i.) Chemical Abstracts (CA)

Weekly. CA contains bibliographic citations for and
abstracts of documents whose contents is related to
chemistry and chemical engineering. Weekly issues con-
tain indexes. Abstracts are grouped into 80 sections.
Some 14,000 different scientific journals from more
than 150 countries and in more than 50 languages are
monitored regularly as are patents from 26 countries,
conference proceedings and dissertations.
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B. INSTITUTE FOR SCIENTIFIC INFORMATION (ISI)
325 Chestnut Street
Philadelphia, Pennsylvania 19106

i.) Current Contents

Weekly. It consists of reproduction of the table of
contents of the most important journals in science.
Six different topics are published including:

Physical and Chemical Sciences

Engineering, Technology and Applied Sciences

ii.) ASCA (Automatic Subject Citation Alert)

Individualised current awareness program. The researcher
* is the only subscriber to the profile (based on key words,

authors etc.). It covers the most recent issues of
5,200 journals. Does not include abstracts.

- iii.) ASCA Topics

Weekly. Current awareness program covering over 460
predetermined areas. Format is the same as ASCA.

U.S. GOVERNMENT
National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

i.) Government Reports Announcements

Biweekly. It contains abstracts of government research reports.

ii.) ERDA data bases

Many of the data bases used at the Lawrence Livermore
Laboratory for determining physical and spectral properties
are available through NTIS (National Technical Information
Service). These include:

Spectroscopic Constants for Selected Heteronuclear
Diatomic Molecules

Atomic Energy Levels and Transition data for the First
and Second Ionisation States of the Elements Hydrogen
through Phosphorous
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MISCELLANEOUS

i.) CIS (Chemical Information System)

This system which consists of eight components was developed
by NIH, EPA and NBS. It is now available to the public
through Fein-Marquat Associates (7215 York Road, Baltimore,
Maryland 21212). The components are as follows:

The Mass Spectra Search System (MSSS)
The X ray Crystallographic Search System (CRYST)
The Carbon-13 NMR Search System (CNMR)
The Structure and Nomenclature Search System

(SANSS - formerly SSS)
The Powder Diffraction Analysis System (PDAS

--to be available later this year)
The Registry of Toxic Effects of Chemical Substances (RTECS)
The On-line Modeling Laboratory (MLAB)
The Conformational Analysis of Molecules in Solution by

Empirical and Quantum-mechanical Techniques
System (CAMSEQ)

Selected Research in Microfiche (SRIM)

Biweekly. For each subject area chosen (there are about
500 available) full texts of research reports on microfiche
which pertain to that subject area are sent to the subscriber.

* 6
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APPENDIX C

EARLY LITERATURE 1963 - 1972

(FROM BALZERS LITERATURE SERVICE

SIMS DEC. 1973)
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63- 1 Untersuchung uber die Emission positiver 64 -3 Secondary Positive Ion Emission frorr. a
ewlt undarionen und die Retlexion von Tantalum Surface

d.lsinnan Festorperoberflicl--ri.
J. A. McHugh, J1. C Sheff ield

V. Walther, H. Hintenberger (Colral Electrkc Coaneiny. klctuwma*. N.Y.. LISA).
(MPI.L~ins 0).J. Appl. fths.,?. 512 - 515119641.

Z. Naturforschg. (0), i~a, 843 -853 (1963) To, 19 mw. Abilka. SI-Audcuts ak FkL 4on PI.M.,
a und I-Emtrgle. Rllefik iioff. doo Pt.

Eloktronenseeuqulle. Parabuhpelr., C, Al, Fe, Cw. A.
T. W. Pt. Au. 2 Hg.Dift.-P.. 3 Odf...Ausbout e r
S1 ale Fkt. von Pl-Ensroie. P1.1MIm. S88chtua.it und
Temporotur. Enrulrilw. der SI und refilnk. Pl.

63- 2 Sputtering Ion Source for Solids. 64-4 Positive Sekundbironenausbeute von 21
Elementen.

H. J. L iebl, R. F. K. Herzog
* Geophys. Corp. Ameorics. Bedford, USA). H. E. Besice

* (Unrv.. Maine, of.
J. Appl. Pthys.. 34,12893 -2896 (1953).I Ouopluemerronquelte. Oldiff..P. mit N2.1(ihifolle.
Doppelfok. nach L,.bl.Wacbhsmuntih-Ewld. Pormnwit- Z. Naltrforictig D), Igo. 1627 - 1( 1819641
"sign.. Au) I. 2000. MuoN..e Isolatoren.

Cr. Mon. Pe, Co, Ni, Cu, Zr. Nb. Mo. AIL I., W. P1, Au

U.

64.-1 Use of Secondary Ionic Emission to In- 64.-5 Use of Secondary Ion Emissio- to Study
vestigate State ol Oxygen Adsorbed on a the Catalytic Oxidation of Ammonia on
Silver Surface. Platinum.

Va. M. Fogel', B. T. Nadykto, V. 1. Shvach- Ya.M. Fogel'. B.T. Nadykto. V.F. Ry.
ko. V. F. Rybalko balko, V.I. Shvachko, I.E. Korolbchans-
I Un., Khor'kov, Ukraine. SUL. kaya

- (Univ.. Khw~ko. Ukraine, SUL.
Russ. J. Phys. Chein., 38.,1294 - 1297 (1964).

SI-Ifenimi eliFun~onKin. i Kat. ISUI) 496 11964). Auseisch Kin.
AV. Sauerstoffedoorp fion. andnenitl Cat. (US).5. 31(194
won Terrporatur und 02-Partialdruck, magn. Ablkg.anCt.IS, .4195)

Irulilyu. 0-1,1linn wn N 14.1. 112 n domV.,tdViolu,,n

64 -2 Massenspektrometrische Untersuchungen 64 -6 Comment on "Sputtering Ion Source for
4 uber die Energieverteilung zerstiubter Par- Solids".

tikel.
H. P. Smith jr.

F Kirchner, A. Benninghoven (Univ.. Berkeemo. Calif., USA)

ILWmn.. Koln. 0)

J. App). Phys.. 35, 3067 -3067(11964).
Ptys. Lett.. 8, 193.- 194 (1964). onqettrtofBlbt3.A-3-2 Enueni.,Gusofld. 60osi m takqun, nnW
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1 65- 1 Uber die Energieverteilung der bei (No2 66 1 Suir Ilmission iornque secondi.re des
KathodenzerstAu bung ausgeschleuderten mndtaux en prdwtnct d'oxygent.

G. Slodzian, .J.-F. Hennequin
A. Benninghoven ICNRS. oray. F).
(Univ.. Kbln. 01.

Ann. Phys. IDI, 15, 113 - 143 (1965) C. R. Aced. Sci. (F), 263 B. 1246 *.249 (1966).

Energimmirt. der Pjeitralen und lonen. (3GmnfoId, ver- m . oppirients mit at. Spoegl. 02-Partilcdr. ala
ahiancln Kathoden, rnpulviibertregunipqnodll. PWrteti Wnkel- und Energievert. und Ausbaule.

$019 Alt SI. Ti. Ni. Cu.

65- 2 Application of the method of Secondary 66 -2 Distributions dnergdtique et angulaire de
Ion-Ion Emission to the study of the I(dmission ionique secondaire. 1. Appareil
Interaction of Oxygen with a Niobium experimental. (Part Il/AI: 68 - 3.4)

* Surface.
1.-F. Hennequin

V.I. Shvachko, B.T. Nadykto, Ya.M. ICNRS Orma, F)
Fogel', 8.M. Vasyutinsca.. G.N. Kart-
mazov
I Univ.. Kltar'kov, Ukraine, SU). Rev Phy. Appi. (F). 1, 273 - 2811(1966).
Fiz. Tveed. Tela (SU, 1944 - 19F511(1965).
Russisch; Soy. Phys.-Sol. St. (USA). 7. 1572 - Ablkg. mit Permnentmagsr.. bevAlslc.. Andys.. o.

17(9).nfld fir Enargievert.. HF-Cul i. bferP1577(196). ril '. f~ Qull*, Pl-C inil und Kammrar. P";rW-IJ
Profil.

.4b. Ausbaute versch. Oxidlonen. Terntprnumhad-
tan. Oldift .. mapW. Ablkg.

65- 3 Surface Ionization of Sputtered Atoms. 66- 3 Investigation of tho Lynthesis of Ammorn.
on Iron by the method of Secundary Ion-

J9. M. Schroer Ion Emission.
(Cornell Unlit.. UISA)

V.I. Shvalchko, Ya.M. Fogel'. V.Ya. Kolo*
(Univ Khar'kov.1.Utrains. SUI.

Basil. Am. Pitys. Soc. (USA). 10,.41 (1965).

Mo. UHV. 2 Modetle der lonieirung bei der Zerstaubung.
*Ve,9. mit Exp., Einfluse von Bactusenrgia. Tootget Kin. i Kat. ISM) 7. 834- 840 (19661, Russisch;

Tern-pertur und Austriltaarbeft. Kin. and Cat MAI. 7. 734 - 738 (1966).

r.. N.I4,3vrntheae. Wl3amodaNI, Wdiuqmach am
69 20,

65- 4 Analyse des alliages par limistion ionique 67- 1 tlntcisuchungen zur Emission pitiverS!
secondaire. kundbrionen aus fasten Targets. Die Brac

barkeit der lonenbeschuss-lonenque(Ie in
R. Castaing, J. F. Hennequin der Massenspektroskopie.

Ouatf idrm Congr~s International stir ('Optique H. E. Beske
des Rayons X etai Microanalyse. Otsay 11965) (Univ Mains. Ml
Heimann. Paris (1966). p. 64.

Z. Naturforsch. I(M09.&459 -47 ( 1967).
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67- 2 Untersuchunqen zumn Spektrum und ('-!n 68- 1 Use of Secondary Ionic Emission to StudyI
Anlangsenergien negativer Sekundirionen. B3ulk Processes in Solids.

A. Benninghoven V.F. Kozlov, V.M. Pistryak. Ya.M. Fo-
(Univ. Koin, MD90

(Aced. Sm,. Khawkov. SUI1.

Z. Phys. (D), 199, 141 -156(11967). F, vrLTl S) 031-7516)

Russiscli; Sov. Phys.-Sol. St. (USA), 10, 2952.-
Enevgievert., Gegernleld 2953 (19691.

Volumenprozeirm.

67- 4 Secondary Ion Emission 68- 2 Fill M.,ssengspktronieici zsir Unweisu
chiii(Ii diunnui Sci ci ite.

(Acad. Sc.. Khat'kov, Ukraine, suI. H. W. Werner, H. A. M. de Gref te
* IPhilips. Eindhoven. NILI

Valk. Technik, 1j 37 -.41(j1968).

Usp. Fii. Nauk ISUM, 91. 75.- 112 (1967), Rus- i
sisch; Sow. Pilys. Uspekhi (USA). 10. 17 . 39 lun. Si, 41iiilative Fesik. Analyse. Si-Ausbie. M&.

11967).'u1

Review.

67- 5 Excitation and Ionization of Atoms a, a 68- 3 DistribiltionS 6nergdtique et angulaire de
Surif ace. 1'6rmission ionique secondlaire. 11 * Nature

et distribution inerglitique des ions secon-
i.M. Schroer daire. (Part. 1: 66-2, Part 111: 68-4) .
lUilv. of Wyoming. USA).

J.-F. Hennequin
- (ChNtS, Oisiiy F)

8-ull. Am. Phys. Soc. (USA), 12, 137 (1967).

2N~h~unen u. oniic~ngud~neg.ni~ei cr.J. Phys. (Ff. Z9,655-663 (1968).
sifuhung. Vergi. mut Extu.

Ki~r...loi...if let irm, lonen. Enetie-.,i.. Em.%vons
-4 .iiiineq lie, Ni,ialen, Mg. Al. Si, T,. Fe.

N., Cui.

67- 6 Vcrwendung dier lonenoptik zur Mrkro- 68- 4 Distrilmihlrs e~nergc~liiue et anqttlaire de
analyse. I'Olnession ioni((ue secondaire. I 11. Distri.

bution angulaire et rendements ioniques.
R. Goutte, C. Guillaud, R. Javelas, (Part. 1: 66-2, Part If: 68-3).
J.P. Meriaux
Mdc. Appl.. Lyon. F) J.. F. Hennequin

(chits Ousey Fl.

Oplik (D), 26, 574 .581 (1967/68). J. Phys. (F). 29, 957 -968 11968).

Review, 3 prinsipicll vecrwh. Appanahutin.
Wii:v~i fr, SI Ml, Finki. vnn Onetr~inl
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68 - 5 Mass Analysis of Ions Produced by Hv 68- 9 Temps deo drisexcitation Auger d'un trou
peivelocity Impact. cree par bombardement ionique stir un

niveau eilectronique li d'un atonie du
D.O. Hanson metal irradid.I
(TRW. Redondo Beach, Calif., USA).

P. Joyes, J. F. Hennequ in

APPI. PITYs Lett. (USA), 13. 89 - 9111968). J.Phs I),2,.8 -48 961

Beschuss mit mikrosk. Eisenipart. bis 600 eV. Flugzeitip. etnugwice.Slndronud-ektni.

68 -6 Oxidation of Tungsten at room tempera- 68 - 10 Microanalyseur par emission jonique se-
ture. condaire.

V. F. Rybalko, V. Ya. Kolot, Va. M. Fogel' J. M. Rouberol, J. Guernet, J. P. Dagnot,
(Acad. Sci.. Khar'kov, Ukraine,.Sul J. M. Guyon de la Berge,G. M6llenstedt,

K. H. Gaukier:
4 Fiz. 7verd. Tela (SU). 10_3176 -3178 (1968),

Russisch; Say. Phys. Sol. St. (USA). 10. 2518.-
2519 (1969).

~.~5th lni.Conqr.on X-R,y Opt.-Micr(--1311-

der Sekundarioneri-Emission von Legie- Emitted from Metallic Targets bornbar-
rungen. ded by heavy Ions in the keV Energy Re-

J. Scheltengin
(Urn. Mainz, 0). Z. Jurela, B. Perovic

Z. Nturorscg. 0),3a, 09 113(198).Can. J. Phys. ICDN). 46. 773(11968).

Z. Nturorshg.l~l.2~109 11(198).Metalle. pos. S1, Energiervert.

Penningquelle. Doppeltok. nach Mattauch-He-rog, Auf-
loqg. 300. 5 Oldiff.-P. Kohitallen mai fl. Luft., Al- und
Fe-Legierungen mit max. 10% Verfunreiniiiii. SI-Aus
bete und Konzentration. Vergi. mit Langmuir-Saha-GI.

68.-8 Ion Impact Desorption of Hydrogen 69. 1 Progress in Analytic Methods for the Ion
from Glass. Microprobe Mass Analyser. Part 1.

(Part I1: 70-5).
R. Konjevic
lUniversity of Liverpool, GBI. C.A. Andersen
W. A. Grant, G. Carter IAppi. R.-, LabL Goleta, Calif., USAI.
WDept. of Electrical Engineeting, Utniv. of Salford,.
Lancs. G1.

Vacuu IGO, 18 559- 55 (198). . Mast Sp. Ion Ph. INLI.61 - 74 f(1969).

Git,. flv-nrptinn von H od It?. thetm. 0-i.on
F
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69- 2 Einc. massunspektrometrische Methodi! 69 6 Methodl of Studying the Mechanism of
'I1 lestimmung von Zerstaubunrlsraic Calalylic Processe~s using Secondary icr,

und Sekundairionenausbeute lx'li(.hiiicr 11)1 Emriission.
Substanzen mit Hille du~nrer Schichten.

V.L. Kuchaev, A.A. Vasilevich,
A. Benninghoven L.O. Apel'baum, M.N. Temkin, Ya.M. Fo-
lUn-' Koln. D). gel',

IWarpo'. Insituto. Moskau. SUL

Z. Angew. Phys. I K.27,.51 - 55(119691.

ZerssubngsateSI-usbute Au.Aginzn.Kin. Y Kat. ISU). 10. 678B- 681 11969), Russisch
Z~rsaubnwae. S~us'.i. Au Ag rZn.Kinetics and Catal.. 10. 561 - 564 (1969).

Unterscheidung der SI aus Gawshms unrl Ct~~.
Ca-Verunrein. in Pt-Oberf I.

69 -3 Zumn Mechanismus der lonenbildlung und 69 -7 Effect of Ion Bombardment on a Gaslonenemission bei der Festkorperzerstau- Film Adsorbed on the Surf ace of a Metal.
bung.

V.F. Rybalko. Ya.M. Fogel', V. Va. Ko-
A. Benninghoven lot
(Univ. Kbin. 0). (Unev. Kher'kov, Sul.

Zh. Fiz. Khim. ISUI. 1 3955. Russitch; Rutsian
Z. Phys. (D). 220. 159.- 180 (19031. .Phyt. Chem., 43, 527 -529 (1969).

loniierng, rnision Rukneuraisierng.Bedeckung. Adsorptionsgliihgew.. SI.Stremdihchts. Ab
loniicrng.Emis~o. RcknulrIii~rul9.hangegkeit von Onuck und Primarstrom.

69- 4 Die Emission negativer Sekundarionen 69-8 aOn Sputtering Probability of Secondary
von Verbindungen mit komplexen Anio- Tungstenoxide Ions with A0+ Ions.
nen.

V. F. Rybalko, V. Ya. Kolot. Va. M. Fo-
A. Benninghoven gel'

- (nsv Koin. 0.Ukrayin Fiz. Zh. (SUI. L4, 913(11969). Rut-
sitch.

*Z. Naturforsch. ID). 24a. 859.- 861 (1969). W, O..datiOn.

neg. S1 aus kornplexen Anionen.

69- 5 Investigation of Solids by means of An 69 -9 investigation of the Oxidation of Tungsten
Ion-Bombardment Mass Spectrometer. by the Method of Secondary Ion-Ion

Emission.
H.W. Werner
IPhi1.ps, Endho.n. NI). V. F. Rybalko, V. Va. Kolot, Va. M. Fo-

gel'

Developments in applied spectroscopy, Chicago. liv. Ak. Nauk SSSR Ser. Piz. ISU). 33836
Ill. (USA). 13. 17. Mai 1968; London IGO), (1969), Ruttiscti.

A-M ~ ~~~Plenum 1969. 239 - 266. W .~in

69
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69 10 Effect of Oxygen Pressure on the Oxida 69 14 Anailysis of Submoisol,.yers on Silvei by
tion Process of Tungsten. Negative Secondary Ion Emission.

V. F. Rybalko, V. Va. Kolot, Ya. M. Fo- A. Benninghoven
gel' (t) .,.. .,,Koh, Dl

(Acedi. Sci.. Khar'kov. 01cr.. SU)
Phys. Stat. Sol. (D), 34, K 169 - 171 (1969).

Fiz. Tverdl. Tela (SU). 11 1404 - 1406 (1969),
Russisch, Soy. Phys. Sg&Al. ( USA), 11, 1142 - Monolage. statisch, magn. Ablkg.. 10 porn.
1143 (1969).

W. oxicdation, 02-Partialcirucc.

69- 11 Investigation of Oxygen Adsorption on 69 - 15 Expulsion d'un 6lectron li6 due au choc
Tungsten by Secondary Ion-Ion Emission, de deux atomes d'un rn~tal.

V. F. Rybalko, V. Va. Kolot, Ya. M. Fo- P. Joyes
gel' ICNRS. OrsaV. F).

or (Acadi. Scc.. Khar'kov. 01cr.. SU).
J. Phys. I F), 30, 243 -251 11969).

Zh. Tekh. Fiz. (SUI. 39, 1717 - 1719 (19691.
Russsc-,; Sov. Phys Tech. Phys. (USA), 14 kitcticsche Emission der SI, ioccrsierung in der Tiefe.
1290 - 1291 119701. Lebensclauer der wtruellen ltcnsserunq.

WI (100), Oxcidation. 02-Adsorpion

69- 12 Mass and Energy Analysis of Negative Ions 69 16 Etude theorique de f'dmission ionique
Emitted from Al, Mn, Co, Ta. and Au Tar secondlaire.
gets Bombarded by 40 keV Ar+ - Ions.

P. Joyes
Z. Jurela ICNRS. Orsay, Fl.
lBot is Kidrc Inst. NucI. Sc,., Selgrad, YU)I.

J. PhyS. if'). 30,365 -376 (1969).
Ectcra Akademiei Republicii Socialistic Roma-
nia: 9th international conference on phenomena kinectsChe Ecmssoon. Eon ccnd Mehtirachconisierung.
in ionized gases, 1969. Bukarest, Rumilnien. cheoretiscs. Ausbeutert ccnc Energw.sektan dier St.
1 -6 Sep. 1969. p. 89: . g 5

Al. Mrn. Co, Ta. Au, Energievert.. neg. SI. Eleictronen-
affinitai und Bledeclcungsq~red als Accabeuteparameter.

69. 13 Secondary Emission of Mo+ Ions during 69 17 The Origin of Multi-Charged Secondary
Bombardmenit of Molybdenum by Alkali- Ions, Produced by the Ionic Bombardment
Metal Ions, of a Metal

A. A. Adylov, V. 1. Veksler, A. M. Reznik J. F. Hennequin, G. Blaise, G. Slodzian
I Oniv., Tatchkont. SU.1

C. R. Acadl Sci. IF). 2688. 1507.- 1510 '1969).
Fiz. Tywerd. Tela (SU), 11. 1779 - 1787 (1969). Franiosisch.
Russisch; Sov. Phys. Sol. St. (USA). 11, 1441
14471(1970). Mehctrlcconrsierte SO, icinetiache Emiaaion ittcctr'r Wc

A-3-7 oo, M , Mari-ernrein~q., Hpliumen, Eergeiert. ail@, Laclccrgstranfer mci P1 beishare tian

ber vorirach. PI-Enery.. Temperalur. PI-Scrcsmcle unit
O Aui , r isccnaranv'cer.
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69- 18 An (on Microprobe Analyser. 70- 1 Application de l'6mission ionique second-

H. Nihimur, J. kanoaire a I'analyse des couches superf icicIles.

(Unre. Oska. JI1. R. Hernandez, P. Lanusse, G. Slodzian.

Japan J. Appl. Phys. (J),.8, 1335 - 13456(19691. CR. Hebd. Sean. Acad. Sri. Setr B. (F). 27 18,

IMMA. Doppelfok., Intensriat at& Fkt. des OberfI.-Zu.
standes. Nachegeisenspf. fur Ti. V, Cr. Mn, Fe. Co. Ni in Zersiaubuogsrozesse, Ouppelfok.
F-Legirenngen and fur B in Si. Fe-Meteorit Odessa.

69 - 19 Electron and Ion Microprobe Analysis. 70 2 Einfluss der Oberl'lachcnizus,in nnsetzurn

F. Henrichauf die durch Aufspatltung einer nn . 1
F. (leinichbindung verursachte Sekundlaricoenemis-

lfNac. Our. Stand.. Washsington, 0. C., USA). sion von Festkbrpern

L. Mar ton: 10th Symp. Electron, Ion and Laser A. Benninghoven
Beam Tech., Gaithersburg, Md. (USA), 21 - 23 (Una Ko,ii.
May 1969 (San Francisco, Calif., USA: San
Francisco Press Inc. 1969). p. 353 -362. Phiys. Lett. A (NLI. 32a,. 427 -428 (1970)

Eiektronen. and Ioinenmikcrosonte. Review Si cturch Stossd~sscviarior. H,icknrcfatlis.

69 -20 The Use of an Ion Probe Technique for 70- 3 Die Analyse monomolekularer Festkor-
Investigating Surface Reactions: The Syn. IeroberflaChenschiChten mit H-ilfe der
thesis of Deutero-Ammonia on Pure Iron. Sekundiirionenemission.

J. C. Robb, D. R. Terrell, D. W. Thomas A Benninghoven
(Un-, Birmingham. GO). CUn.. K.i,-0.

0. Price, J. E. Williams: Dynamic Mass Spectro Z Plivs. (D), 230, 403 417 (1970)
metry, _ 87.- 104 (1969). Heyden + Son Ltd.,
Sadtler Rles. Lab. Inc. stirsc, Monoiaqe. Ag. Mo.

Fe, N-D3-Synihese, Widersprach zu 66:3, Fuiagcr.
spekt-mele,.

69- 21 Application of the Ion Microprobe Mass 70 4 Influence of Composition and Structure
Analyser. of Fe C Alloys on Discharge of Positive

* Ions dut ing Atomnization by Ionic Born-
C. A. Andersen, H. J. Roden, C. F. Robin- bardment.
son ola.aif.UA.M. A. Vasil'ev, Yu. N. lvashchenko,

V. T. Cherepin.
K. Ogata. T. Hayakawa: Rec. 0ev. in Mass Sp.,
215 -224 (1970), Univ. Park Press, Baltimore- Akad. Nauk. UKSSR. Metallofiz. (UdSSRI. 32,
London-Tokyo; Proc. Int. Conf. Mass. Sp., 143.- 148 (19701. Russisch.

Ar3-8 ~~~Kyoto (J), 8 - 12 Sep. 1969. nCLsirn.ps.S.tentapr.CGht.

tMMA von Liehi. MiOOlasnmaron. Dopntfok Into-,r i-a. nn Mairincstralur.
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70- 5 Analytic Methods for thc Ion Microprobe 70 9 Formation of Islands of a Diffusai, uinder
Mass Analyser. Part 11. (Part 1: 69- 1) Surface Diffusion Conditions.

C. A. Andersen A. D. Abrdmenkov, V. V. Slezov, L. V. Tai
(Appi. Ret. Labs., Goleta, Calif.. USA) natarov, Ya. M. Fogel',

WAait. of Sc.. Kharkos. tikisine, UdSSR)
J. Mass Sp. Ion Ph. INL). 3. 413 -428(1970#,i.Teu eaISR,1223 91(90
*ersaubte Atom.. SI-Emotsion. Elektr. Austatsch Russisch: Soy. Phys. Sol. State. 12, 2369.- 2373
SI-Oberfl.. elekfropos. sind neg. Pl. (1971).

Oberfl.-Dif I. von Fremdimet..llatoffin. lnselbifdung,
Znnenstrukt.

70- 6 Analysis by Bombardment with Cherni- 70 - 10 Mass Spectrometric Analysis of Mono-
cally Reactive Ions, molecular Layers of Solids by Secondary

C. A. Andersen, H. J. Liebl InEiso

(Appi. Res. Labs., Goleta. Calif.. USA) A. Benninghoven
Writ,. Koin. D)

Patent USA 3508045. 12. Jul. 1968; pub).
21. Apr. 1970, USA 753 822. Int. Cony. Mass Spectr., Brussel (13), ( 1970)Iefektroneg. Pl. chemnischc Analyse. Monolage

70- 7 Die Emission zusammengespctz (or negati- 70 -11 Appliation of Mass Spectroscopy to the
ver Sekundirtonen aus kontinuierlich Analysis of Solids, a Review
regenerierten Ta rgetobe rf lichen. RE oi
P. Mokler
(MPO Kernph., Heiadelberg. W). Koreci Oqata. Teruo Hayakawa: Rec. Developm

Z. Phyt. (D),.232. 452 -461 (1970) in Mass Spectr., 116.- 149 (1970), Univ. Park

SI-Ession. regener. Oberfl.. Elefume auf SI-mInens.. Pessiew oe-odn-o~

S ns..qn. Ablkg.

70-8 Secondary Ion Emission from Solid Sur- 70.- 12 Secondary Ion Yields in a Sputtering Mass
faces. Spectrometer

R. Castaing, J.- F. Hennequ in H. Doi, H Tamura, 1. Omura, T. Kondo,
ICNffS. Orsay. F). S. Taya

PSe.rIon. Em. CnSf on as Sp. 1rus). Koreichi Ogata, Teruo Hayakawa: Rec. Devel-
Sec.IonEm.andSur. Phn. 4. ept 190).opment in Mast Speclr. 1089. 1093 (19701

Univ. Park Press, Baltimore- London- Tokyo
Matentvektrometer. I onenimilrosonde. Winkelvert.p~~~3..9 ~~Energimsert. durch Gef~nfeld. quantitative liinittisceS-Abee.uosasto. Oeiis.Atspsn
SI Emnission. Asitlcvoamto.coplo.Adrtrn
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70 - 13 Mass Analysis of Positive and Negative: 70 - 17 Mass-Spectrometric Investigauion of Ion
Secondary Ions Emitted from Na-Cl and Emission Produced during Bombardment
K-Cl Monocrystals Bombarded by 40 keV of Materials by Argon Ions.

ArgonIons.M.A. Vasil'ev, Vu.N. Ivashchenko,
Z. Jurela V.T. Cherepin

A. Mol(., M. Kasumnovic, M. Gerineo: Fizika. 2. Akad. Nauik. UKSSIR. Metallofiz. ISte?. 32,
64(11970), lupap. YU; (Proc. V. Svmp. Phys. 148 - 153 (1970). Russisch
of Ionized Gases. Hercegenovi. 1970). paau I10,TVSintsttehe3

Austritturttit und Leitf&'igkaeit als Parameter der Mattalla.
Sl-Ausb.. Na-Cl. K-Cl.

70 - 14 A study of the Cleaning of Carbon Impu- 70 - 18 Investigation of Oxygen Adsorption on a
rity from Molybdenum. Molybdenum Surface by means of Secon-

V.Ya KootVI.Tatu, VF. ybakodary Ion-Ion Emission
aMFoe'V.Ya. Kolot, VI. Tatus', V.F. Rybalko

Ya.M. Fogel'

Ukr. Fiz. Zh. (SU). 15. 226.- 268 (1970), Rus- Zh. Tekh. F iz. (SU), 4, 2469 - 2471 1 t9701
sisch; Ukr. Phys.J. (USA) Russisch; Sov. Phys--Tech. Pthys. (USA). 15.

I.Mo, C-Vorunreinig.. Ausheizen 13 96(91

Mo (100), 02-Adsorption, Oxidation. 2-Ptawmodialle.

vergi. W

70 - 15 Observing Surface Oxidation of Molybde- 70 - 19 Monoschichtanalysen an Eisenoberfli-

num with the Statical Method of secon- chen
dary Ion Mass Spectroscopy

A. Benninghoven, E. Stumpe
A. Benninghoven WnU. K61n. 0)
lWniv. Kdln. 0)

Verhandi. DPG (0). 3.,199, VA-61 (1970)
Chem. Phys. Lett.. 6, 626.-628 (1970) FMnlg

Mo. Oxidation. magn. Ablkg.. statisch

70 - 16 Use of an MI-1305 Mass Spectrometer to 70 - 20 Investigation of Surface Diffusion of
Study the Secondary Ion Emission of Copper Atoms on Molybdenum by Secon-
Solids. dary Ion-Ion Emission

M.A. Vasil'ev, V.N. Ivashchenko, A.D. Abramenkov. V.V. Slezov, L.V. Tana-
V.T. Cherepin. torov, Ya.M. Fogel'

WAed. Sci.. Kharkohv. U~kraine. Sul
I nstr. Ep. Techn., 2, 523 - 525 (1970)

Fiz. Tvard. Toe (SU), !j2 299. 2933(11970)
Ti. APParatur MI-1305 Russisch: Soy. Phys-SOl. St. (USA). 12. 2365 -

2368 (1971)
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70- 21 Alter nances dlans les intensites en ion 71 3 Emission ionique secondair decs Allirqos
moleculaires sccondlaires emis par des Cuivre Aluminium en Pre.ence dYOxygene
m~taux nobles soumnis a un bombard-
ment ionique primaire. D. lBroclrard, G. Slodiian

(CNflS. O-v.y F)
P. Joyes

.1. Phys. (F), 32, 185 -190 (1971)
IV, Coll. Nat., Brest, 13 - 15 Mar, 16 H 30 (1970)

Mehrfactsionisierung dutch antleregre Schalen bet Al.

Siossiheorie. mehraroinige lotten 02-Einfluss sut Emission von 6u4. Al+;. Al*.

70-22 Analytical Applications of an Ion Micro- 71 .4 Emnissinr oiq(Ue secondlaire dcs 'leets
probie Mass Spectrometer. -Negative Ioi de tranrsition ern solution dilude riars des
Spectroscopy alliages, inflluence des etats 61ectroniques

C.A. Evans jr. lclss
G. Glaise, G. Slodlzian

nt. Cenf. Mass So., Brussel (8), 11970) ,CNRS, Oisay. Ft

ioniennikfosoflie, neir. Si C.R. Hebdl, Scan, Acaid. SciB. (Fl, 2738. 357
360 (19 71)l

loneneotssion -nr Ulieganlsel, in mit-I ausI Fe. Co.
Ni Cu, Al. 1 Iotie el. Sltukiwi und lonis.-varschi.

71 -1 Untersuchung der Grenzflachen und des 71 5 Mass Spectromnetric Mcthod of Detection
Volumens dunner Schichten mit Hilfe der of Negative lorss from the Target Surface
Sekundarionen-Massenspektroskopie . during Low Energy Sputtering

A. Benninghoven, S. Storp. A.B. Campbell, G.B. Cooper
(Un, (vol

J. of Physics E, 4,.876 .8781(197 1)
Z. Angew. Phys., 31, 31 - 37(1197 1)neS1 anAfg.Utrc drau hfl

duiiie Scilichien. UHV. Al a0 t M40outgedarnprr. oLiriti. ndli Vol
und innere Konbam -unsi Oxidschichien

71 -2 Beobachtung von Oberflachenreaktionen 71 6 Analysis of Surfaces Utilizing Sputter
mit der statischen Methode der Sekundar- Ion Source Instruments
ionen-Massenspektroskopie. 1. Die Metho-
dle. A.J Socha

18rll Hosseit. Psisadene, Calif., USA)
A Benninghoven
'U-r Ko1.1 Surface Sci. (NLI. 25, 147- 170 119711; Sympo.

sium nn modern methiodls of surface analysis,
Sur flace Sc. (NL1 28. 541 56? 1197 11 Mot ray Hill, N.J., USA 114. Mai 1910)
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71-.7 Eiuission d'ions n~gatifs par unc cibl', 71 11 New Analytical Techniques Provided by
nictallique mince bombardee par des ions the Ion Analyser.
posi ti is

R.K. Lewis
S. Paletto, R. Goutte, C. Guillaud lComeca, Elmnsford, N.Y. USA)
11Lab. O'Oplioue Corpusc.. d'Electoacoustiou,
69-Villeurbanne. F). I 0th national meeting of the society for applied

spectroscopy (abitracts only), St. Louis, Mo.,
CR Acad. Sci. (F), 273B, 975 -978 (197 1) USA. 18 -220Oct. 1971: 1New York, USA: Soc.

Applied Spectroscopy 1971). p. 10
neg. SI, SIMS in Transin. und RefIesiin. Energieanaly.

tile, Tiefeneuflosung 100 A

71 -8 Die Analyse von Festkorperoberflachen 71 12 Emn Tandem -Massenspek tromete r zur
und dunnen Schichten mit der statischen Untersuchung der Sektundaionnnission
Methode der Sekundiirionen-Massenspek- von Festkorperoberflichen
troskopie

4 A. Benninghoven, E. Lobach
A. Benninghoven (Univ. Koln. 0).
(Univ. KolnO[).

Verhdl. DPG (0), 6,.593 (197 11
M. Aiivivarter: Ergeboisse der Hochvakuumtech.
nik und der Physik dunner Schichten, Bend 11, Elekironenbeichusi. Ouadiipol UI4V. siatisch.~i.81 - 101 (1971), Wissensch. Verlegsges.. W. Adsortion
Stuttgart (D)

71 -9 Mass Spectrometric Analysis of Mono- 71 .13 Analyses de Couches minces de Silice par
molecular Layers of Solids by Secondary Emission ionique secondaire
Ion Emission

B. Blanchard, N. Hilleret
A. Benninghoven (DCA. SEAPCI
(Univ Koln, DI. J. Monnier

A5 Quayle: Advances in Mass Spectromnetry, _54EI.IEG rnbo )

- ~~~~~~~~~~~444 447 (1971). Elsevier Publ. Co. Ltd.Ma.RsBulIUA..18.19171

e MSnflase 7.0reip~noli won B n Si unit Si-Oiiden. Aistioulf.

71 -10 Mass Spectrometric Measurements of the 71 - 14 Tandem Mass Spectrometer for Secon-
Secondary Ion Emission of Alloys as an dary Ion Studies.
Analytical Tool

A. Benninghoven, E. Lobach
V. Cherepin (Univ Koln. 01

A. Quayle: Advances in Mass Spectr ometry, 5, Rev. Sci. lnttrum, 42. 49. 2 (1971 i
448 -4501(197 1). Elsevier Publ. Co. Ltd.

SIMS. E10, Guedrupol. UHV. siliiist. Auflosang Ma.
Leisuntien. OberfI..Anhlyie
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71.- 15 Study of Molybdenum Oxide Surface 71 - 19 Mechanism of Formauion of the Ion Corn-
Composition Using Secondary Ion-Ion ponent in Cathode Sputtering of Metals

EmissionV.I. Veksler, B.A. Tsipinyuk
V.Va, Kolot, V.I. Tatus', V.F. Rybalko, (Univ. la~chkent, SUI
Ya.M. Fogel'

Zh. Eksp. Teor. Fiz. (SU), 60.,1393 1398
lzv. Akad. Nauk SSSR Ser. Fiz. (SU), 35. 255 - (197 1). Russisch; Soy. PhyiTETP (USA). 33,
260(1971), Russisch; Bull. Acad, Sci, SSR, 753.7375191
Phys. Ser. (USA)

Mo, maqn. Ablkg., Nachionivierung, Energiuspeiren.
Mo, Mo-Oxide. Temperatur and 02-Pariaidruck als kinetische Emission. nichladrab. Emission.
Parameter der Oxidbedeckung.

71 16 Effect of Oxigen Pressure on the Initial 71 -20 Interaction of tons and Electrons with
Stage in the Oxidation of Molybdenum Adsorbed Gases.

VYa. Kolot, V.I. Tatus', V.F. Rybalko, R. Clampitt
Ya.M. Fogel'; V.V. Vodolazhchenko, (Catham Lab., Abingdon. Engi.. GBI.
V.M. Evseev
(Akad. 86, Kharkov. Ulkraine, suI Proc. 2nd lnt. Coot. FlorenZ (1), Apr 1971;

F. Riccp: Adsorption-Descorption Phenomena,
203.- 2 12 (1972). Acad. Press. London, New

Fiz. Tverd. Tela (SU), 13 12 12419).York.
Russisch; Soy. Phys.-Sol. St. (USAI, 13, 1275 -
12771(1971) EID, SIMS. Ad- and Desorption, Energievert.

Mo. (100), Osr'lationsbeginn. 02-Panialdrgdr als

Parameter dir Orxidation.

71 -17 Changes in the Characteristic Energy- 71 .21 A Combined Ion and Electron Microprobe
Loss Spectrum of Molybdenum during
Oxidation of the Molybdenum Surface H. Liebi

V.V. Zashkvara, V.Ya. Kolot, V.S. Red'- A. Quayle! Advances in Mass Spectromnetry, 5.
kin, V.N. Demin, M.I. Korsunskii, 433 -435 (1971). Elsevier Pub. Co. Ltd.
Ya. M. Fogel' lnn n lkrnrmlcood.dpetk
lAcar. Sci.. Alma-Ata, Kasadistasi. Sillnn nEertoemksoedpefor

F iz. Tverd. Tela (SU), 113 3376 - 3380 (197 1)
Rutsrtch; Soy. Phys.-Sol. St. (USA), 13, 2836.-

* 2839 (1972).

F . rin .nit on ou ruttnw r..r n r......
gi. '.rM4!;. 0rrryI........ .., hl~g~g g ... . ....

/l-18 lWit Mass-Spectral Microscope /1 -22 Secondary Ion Emission ficom Solid Sur-
faces

Vu.P. Maifet, V.T. Cherepin
R. Castaing, J.F. Hennequin

Pribori'Tekh. Eksp. (SU, 14 272 (19711, Rus
sisch; Instrum.+Ertp. Tech. (USA), 14. 1587 A. Quayle: Advances in Mass Spectrometry. 5,
(1971). 419. 426 (197 11. Elsievier PubI. Co. Ltd.

Oberfi,. voiumen, Oct. Auf loving I1 2Lr. Bereteb I Auiefk
120 irma, Mussenauf to,. 60. Impfidl-chkeil 2' 101 .3%, ueetk
Tielenauflbaung ISO- 200A, 0- -6Torr.

A3-13
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71 23 A Study of Quantitative Microanaly ,ii h 71 -27 Ion Probe
Secondary Ion Emission

M. Bayard
M. Croset ,W.C. McCione Asug., wimnc., Ci~..c ItI.. USAI

Revue Tech. Thomson-CSF (F). 3, 19 -36 11971) Microscope IGO), 19. 425 4260111lInter.
Micro 7 1. Londloo, GB. 20 -24 Sep 1971

quantitatie Twtalon. 8 in S.
IMMA, Review. EnmplindiChkeei. Speaeneireyv

71 24 Alternations in the Secondary Emission 71 28 Surface Analysis Using Simultaneous
of Molecular Ions from Noble Metals Electron and Ion Bombardment

P. Jayes C.R. Crawford
* ICN iS. Orsay. F) (MIT, Cantebddg. USA)

J1. Phys. Chem, Sol. (GI). .32, 1269- 1275 (1971) 10th national mectinq of the society for applied
spectrosenpy lAbstraLts only). St. Louis, Mo.

leCu . # Agon -. Parital non n. Stabd1.1at. Ion.%. Pot JUSAI. 18.- 22 Oct 1971 (New York, USA:
Elotiooeoalinoat.i Soc. App. Spectroscopy 197 11. p. 70

E lek ttoneentiesion mik ud iMMA in eitiem Getat,

71 25 On a Mechanism of Secondary Emission 71 29 Der Entwicklungsstand der lonenmikro-
of Polyatomic Particles sande fur die Untersuchung von Festkorpet

P. Joyeswerkstoffen.

ICNFI5.Oriy. F) O.D. Klemm
Wowi Munchenf. Di

J Phs. . (G). , L 5-1 (19 1)Exp. Tech Phys. (D). 19. 487 472 11971)
tmoplsubafl'ag langs Molsait. EmOisstoflWmetgili

*VargI smich. SIMS. uttd IMMA-Appaturem.

71 .26 The Ion Microprohe Mass Anailyser 71 30 Analytical Applications of an Ion Micro-
probe Mass Spectrometer - Negative Ion

J.B. Nichelson Spectroscopy

C.A. Evans jr.
loth national meeting of the society for applied
spectroscopy (Abstracts only). St. Louis. Mo. A. Quayle: Advances in Masn Spectrometry. S.
(USA). 1IS- 22 Oct 1971 (New York, USA. 436. 440(19711. ElseviarPubi. Co. Ltd.
Soc. Appl. Spectroscopy 1971), p. 69 70.

rA-3-1 4 IMMA. Rve 
oemlrsns e.S
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71 -31 Analysis of Thin Films by Ion Microprobe 72-.3 Ion-Ion Emission* - as New Tool for Mass-
Mass Analyser. Spectrometric Investigations of Processes

ott the Surface and in the Bulk of Solids.
H.Tamura, T. Kondo, H. Doi aMFoe
A. Quayle: Advances in Mass Spectrometry, 5. (Gorki State Univ.. Kharkov. WdSSR)
441-.443019711. Elsevier Publ. Co. Ltd. -

Int. J. Mass Sp. loit P. (Nt). 9, 109.- 12511972)
IMMA. dunn. Schichtion.

Review

71 -32 Application of Mass Spectrometry to the 72.4 Ausalysensystem zui Sekundar-lonen-
Analysis of Semiconductor Materials Missenspektroinetrie irr Ultra-Hochvaku-

urn
G.C. Sweeney, E. Berkey

*(Werstinghouse. Pittsburgh, Pa.. USA). W.K. Huber, E. Lobach

1009' national meeting of she soit for applied Lch~lt~il

spectroscopy, St. Louis, Mo.. USA, 18.- 22 Oct Verhandl. OPG, 5. 470, 0 -28 (19721
1971 (New York, USA: Soc. App). Spectroscopy

197 1), p. 71 - 72 Montole. UHV. N2.KuhII.. Turbop., Ti*Subi.-P.,

Vergionch von Matsenspkttorneern mot SI und Fun-
Itffiiononltuelle. Si, M~e. As). Dotiarungs- und ye,-

uflreifligufilbsflorsios.

72- 1 An Analytical System for Secondary Ion 72 -5 Ein Sek undirionenmassenspekt rome ter
Mass Spectrometry in Ultra High Vacuum hoher Nachweisempfindlichkeit mit elek-

W.K. Huber, H. Selhofer ticenQarpl

11Balers. Liechtenstein) J. Maul, F. Schulz, K. WittMdack
A. Benninghoven (GSF. Neuhooberg).
)Lk,,uerootat IKoln)

J. Vac. Sci. Tech. (USA). 9. 482 -486 (19721; ehnlDP.5.44 -1(92

Proc. of the 5th ins. vaic. E~ngr. part 1, Boston, Ipobe Energeanslyse. Ouadr.. PLetenoondtoueen
Mass., USA 11971) peWn Untergrund. ooiiefungnprol. von 9

in S. Ibis PPb).
UHV.Monolag. Profil SIMS. EI0. AES. Taortwchs-
ter. EI..OlueIloe tui Entladung. Oluack.. Turbap.. N2
KuhAII.. T,-Subf.-P.

72-2 Spectrographie dle masse avec source a 72 6 Probleme und Empfindlichkeutsgrenzon
6mission ionique secondaire der Sekundarionenmasseruspekt rormtr 'C

R. Hernandez, P. Lanusse, G. Slodzian, F.G. Rudenauer
G. Vidal
IONERA. chatillon, F) Verhandl. DPaG, 5, 469. 0 27(11972)

Recherche A~rosp. 313 (19721 Parainer. dier Nachvwep.enp Iguentitatml. Iorenqu..
Emitlan, Anuly.-Altzegtan,. Phasenmaunaripassun.
0,001 p. mean. Ablke.

Maltanch Harrm, doppel-fok.. MOnolege, Profit, Aus.

bruti 5 tnp., Ti.Sub.-P. Ouopgatnmaron, rkin
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72- 7 Analyse von Festkorperoberflaches mit 72- 11 Untersuchungen der Oberliaichenoxidla
sifile der Sekiundarionen-Massenspektro' tion von Cr, Ni und Cu im Submonolage
skopie (SIMS). und Monolagenbereich mit SIMS.

A. Benninghoven A. Muller, A. Benninghoven
IUniv. KolnI (Univ. Kble. D)

Chomie-Ing.-Tech., 44, 9101(1972) Verhandl. DPG 1D). 5, 470, 0- 29 11972)

Review Cr, Ni. Cu, Oxidation, statisch. 02-DOsis als Pararnatoo

der Intensitat. Zerstaubungaraten.

72- 8 Investigation of Negative-Ion Formation 72 - 12 Investigation of the Initial stages of Vacu-
by Surface Ionization, urn Condensation of Silver on Nickel
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APPENDIX D

RECENT LITERATURE - SIMS COMPUTER SEARCH OF

CHEMICAL ABSTRACTS 1972 THROUGH 18 MAY 1978

LOCKHEED SYSTEM

Index identifies referenced by page number and

alphabetical letter serially assigned to each reference.
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