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Standard Guide for
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This standard is issued under the fixed designation E 983; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope effects are a hindrance to AES analysis because they cause

1.1 This guide outlines the origins and manifestations ofocalized specimen modificatioft, 2, 3)* _ o
unwanted electron beam effects in Auger electron spectroscop%‘l-2 With specimens that have poor electrical conductivity
(AES). the electron beam can stimulate the development of localized

1.2 Some general guidelines are provided concerning thgharge on the specimen surface. This effect is a hindrance to
electron beam parameters which are most likely to produc@‘ES f_inaly5|s because the pote_nUaIs_assomated with the charge
these effects. can either adversely affect the integrity of Auger data or make

1.3 General classes of materials are identified which aréuger data collection difficult.
most likely to exh|b|t unwanted eI(_a_ctron be_am effgcts. In5_ Origins of Electron Beam Effects
addition, a tabulation of some specific materials which have ) o
been observed to undergo electron damage effects is provided.>-1 Electron beam effects in AES may originate from one or

1.4 A simple method is outlined for establishing the exist-more distinct processes. , , _
ence and extent of these effects during routine AES analysis. >-1-1 Charge accumulation in materials with poor electrical

1.5 This standard does not purport to address all of the conductivity leading to potentials that cause distortion of Auger
safety concerns, if any, associated with its use. It is th&lata or make AES data collection difficult by virtue of:
responsibility of the user of this standard to establish appro- 9-1-1.1 Auger peak shift on energy scale.
priate safety and health practices and determine the applica- 2-1-1.2 Auger peak shape and size distortion.

bility of regulatory limitations prior to use. 5.1.1.3 Auger signal strength instability.
5.1.2 Electronic excitation of surface, subsurface, and bulk
2. Referenced Documents atoms and molecules leading to specimen charfdes, 6)
2.1 ASTM Standards: which include:
E 673 Terminology Relating to Surface Analysis 5.1.2.1 Dissociation. .
E 996 Practice for Reporting Data in Auger Electron Spec- 9-1.2.2 Electron stimulated desorption (ESD).
troscopy and X-Ray Photoelectron Spectroséopy 5.1.2.3 Electron stimulated adsorption (ESA).
5.1.2.4 Polymerizatior(9, 10)
3. Terminology 5.1.2.5 Carburizatiofll, 12, 13)
3.1 See Terminology E 673 for terms used in Auger electron 9.1.2.6 Oxidation(14, 15)
spectroscopy. 5.1.2.7 Reductiorf16).

_ _ 5.1.2.8 Decompositiofil7, 18)
Note 1—Electron beam effects and their consequences are widely 5.1.2.9 Erosion.

referred to in the literature using any one or more of the following terms: 5.1.2.10 Diffusion.

electron beam damage, sample damage, specimen damage, beam effects5 . . . .

electron beam induced processes, and electron irradiation effects. 1.3 Charge accumulation in materials of poor electrical
conductivity leading to specimen changes which incl{tie,

4. Significance and Use 20):

4.1 When electron beam excitation is used in AES, the 5.1.3.1 Electric field enhanced diffusion.
incident electron beam can interact with the specimen material 5.1.3.2 Electromigration.

causing physical and chemical changes. In general, these5.1.4 Heating which may cause:
5.1.4.1 Annealing.

5.1.4.2 Segregation.
*This guide is under the jurisdiction of ASTM Committee E-42 on Surface 5 1.4.3 \/olatilization.
Analysisand is the direct responsibility of Subcommittee E42.03 on Auger Electron
Spectroscopy and XPS.
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5.1.4.4 Chemical reaction. 7.1.4 In practice, the electron dose is directly dependent

. . . upon the electron beam current density, (A/m?), the time of

6. Practical Manifestations of Electron Bea}m Effe.cts ) electron irradiation in seconds(s); and the angle of incidence,
6.1 Electron dose dependent changes in the intensity, e, of the beam on the sample. Thatlg, (C/n?) = Jg (A/m?)t

ergy, peak shap.e of one or more Auger transitions; dep?”d'”@)-co@. Putting the electron beam current density into com-

upon the material, these changes may be complete within gonly used condition, 10 A/fwould be equivalent to using

fraction of a second or they may progress for hours. 10® A incident beam current into a 33 um electron beam
6.2 Discoloration of the specimen at the electron beanyigmeter at normal incidence.

irradiated region. . ~ 7.1.5 The electron beam-induced heating of a given material
6.3 Physical damage to the specimen such as erosiogf poor thermal conductivity and the accumulation of charge

cracking, blistering, or densification. ~on a material of poor electrical conductivity are dependent
6.4 Pressure rises in the analytical vacuum chamber duringpon the electron beam current density.

electron irradiation. 7.1.6 Current densities for a static electron beam should be

6.5 Localized electric charge dependent changes in thgf the order 16A/m? or less for susceptible materials. In the
intensity, energy, or peak shape of all Auger transitions. Thesgase of rastered or gated electron beams, the time-averaged
changes may be stable but often are erratic resulting in unstabigirrent density and the instantaneous current density must be
AES signals which may preclude AES data collection. considered. Even though the time-averaged current density
7. Electron Beam Parameters may .be small, the in:?‘tantaneous current Qensity may be
sufficient to cause specimen damage or specimen charging.

7.1.7 In small-spot AES analysis, or scanning Auger micros-
opy, the use of electron probes with high current density is
inherent. Obviously a trade-off between signal-to-noise and the

erturbing effects of the electron beam is requi(2d

7.2 Electron Energy

7.2.1 The electron beam effects which involve electronic
excitation are not strong functions of electron beam energies
used for AES (1 to 25 keV). Changes in electron beam energy
Qill affect the depth, and therefore the volume, in which such
changes occur.
€'7.2.2 Electron beam effects due to heating can be minimized

square centimeter (C/ (’zm(l)'_ by reducing the electron beam power since this reduces the
7.1.3 A number of materials, (for example, see Table 1)power dissipation within the specimen

exhibit dose-dependent effects when the electron dose exceeds7 2.3 Electron beam effects arising due to charging and

a _matlednal specific cr|(tj|cal dhOS@C' Th? dmagnltglded of the  gjactric fields in the surface can be minimized by appropriate
critical dose corresponds to the onset of detectable damage a pirical choices of electron beam condition (accelerating

the \(?Iugs may be sbubjectl to futtiBeA/r?ivision. The materiafiiage  current, and current density). It should be noted that
specific doseD. may be as low as the electron beam angle of incidence (the angle between the

7.1 Electron Dose and Current Density

7.1.1 Electron dose and current density were previouslyé
defined using units of C/cfrand mA/cnf, respectively. These
units are not consistent with the SI system. To keep fro
changing the magnitude of the numbers appearing in th
literature (from which Table 1 is adapted), the multipliers of the
terms are being changed. A dose of Cfcim equivalent to
10°C/n?, while 1mA/cnt is equivalent to 10A/h

7.1.2 Specimen material modification can often be related t
the electron dosd)); that is, the number of electrons incident
on a unit area of the specimen, expressed in coulombs p

TABLE 1 Electron Beam Damage in AES A electron beam and the specimen normal, as defined in Termi-
A e — nology E 673) influences the electron emission coefficient of
Material Energy 10%C/m? 10A/m? Refs the Specimen surface.

i:;’;‘; g Eg itoab'e i (2(3 8. Susceptible Materials
Cu Fe 1 kev 1 15 min (22) 8.1 Nonmetallic Materials particularly oxides, fluorides,
gfgi'ocya”'”es 5 KoV 06 10 min 1) chlorides, alkali halides, carbonates, and organics are most
Li,WO, 1 keV 0.05 8 min 23) prone to decomposition under electron beam irradiation.
NaF, LiF 0.1 keV 0.06 60 s (18) 8.2 Adsorbed Specieparticularly carbonaceous molecules,
LR Q2 LSO e, e gg; water and halogens, are usually desorbed, but in some cases
TeO, 2 keV 0.02 20s (24) may change their chemical form.
H,O(F) 1.5 keV 0.01 10's (25) 8.3 Metal Surfaces (Clean)are most susceptible to ESA;
Native oxides 5 kev 2107 2s ® the degree is, of course, enhanced by poor vacuum conditions
CgH1a(F) 0.1 keV 3x10* 03s (26) ' ’ “ f
NagAlF, 3 keV 104-102 01s @n and depends on the composition of residual gases. The type of
CH3OH(F) 1.5 keV 25x10" 03s (25) specimen surface preparation is also an important factor.
A 8.4 Insulators may undergo “unstable charging” wherein it
where: is difficult to acquire an AES spectrum.
D, = critical dose for detectable damage, 8.5 Mobile lonic Specigsparticularly within oxides, ni-
T = time of electron bombardment at 10A/m* without detectable damage, trides, and other dielectric materials, are subject to electric field
£ ]f"rgcz’en_ induced migration under the electron beam.

(Adapted from Ref. 1.) 8.6 Nonmetallic Powdersfibers, and other specimen con-

figurations which make poor thermal contact with the specimen
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holder, are more susceptible to beam heating. nitrogen cooled specimen holders. Maintain good thermal
8.7 Table 1 is a list of some specific materials reported taontact between the specimen and specimen holder.
undergo electron beam induced decomposition during AES. An 9.5 For the analysis of insulators, maximize thermal and
estimate of the critical electron dog®, (C/cnt), is included as  electrical contact to the specimen. Consider placing a grounded
a guide to the electron beam current density and irradiatiogonducting foil or a conductive mask over the specimen near
time which can be tolerated without detectable damage. the analyzed region or a grid over the specimen surface to
. L assist in charge dissipation. Consider the use of glancin
9. Methods of Observation and Minimization incidence for tr?e electr?)n probe. If the insulating Iayergis thing
9.1 Determine the existence and extent of electron beamonsider using a higher energy electron probe.
effects for unfamiliar specimens by sequential acquisition of
Auger spectra during continuous electron irradiation. 10. Reporting Electron Beam Effects
9.2 If the specimen is a bulk insulator, charging is generally -
reduced by decreasing the electron beam current, the currenﬁlo'1 The conditions tha@ are used to confurol elec_tron bea_\m
density (by defocusing the electron beam), lowering th effects should be reported in a manner consistent with Practice

accelerating voltage, and increasing the tilt angle (to increaseb 996. Th:js;ecord shrc])uld, at al mu:[lllmumit|nclu<_je _tge ?Iectront
electron emission). eam conditions, such as accelerating voltage, incident current,

9.3 If the specimen is a thin insulating film on a conductiveCurrent density, time of exposure, and incidence angle. If the

substrate, charging is generally reduced by increasing th%lectron beam was rastered over the specimen, state the raster

accelerating voltage and decreasing the angle of incidenc&peed’ area, and beam diameter. Also, state if any thermal

This has the effect of increasing the depth of penetration of thgoolmg or electrical contact to the specimen was used.
electron beam into the conductive layer.

9.4 Many electron beam effects involving diffusion pro-
cesses may be minimized by cooling the specimen. This can be 11.1 Auger electron spectroscopy; charging; electron beam;
achieved using a variety of methods including the use of liquicelectron beam damage

11. Keywords

REFERENCES
(1) Pantano, C. G. and Madey, T. E., “Electron Beam Damage in Auger  “Beam Effects in Auger Electron Spectroscopy Analysis of Titanium
Electron SpectroscopyApplications of Surface Sciencéol 7, 1981, Oxide Films,” Journal of Vacuum Science and Technologyl 14,
pp. 115-141. 1977, pp. 1023-1028.
(2) van Oostrom, A., “Some Aspects of Auger MicroanalysiSyirface  (14) Joyce, B. A., and Neave, J. H., “Electron Beam-Adsorbate Interac-
Science\Vol 89, 1979, pp. 615-634. tions on Silicon Surfaces,’Surface ScienceVol 34, 1973, pp.

(3) Coad, J. P, Gettings, M., and Riviéere, J. C., “Beam Effects in AES 401-419.
Revealed by XPS,Discussions of the Faraday Socig¥pl 60, 1975,  (15) Tompkins, H. G., “The Electron Stimulated Interaction ofHWith
pp. 269-278. a Nickel Surface,Surface Scienc¢e/ol 62, 1977, pp. 293-302.
(4) Field, F. H., and Franklin, J. L., Electron Impact Phenomena Rev. Ed.(16) Thomas, S., “Electron-Irradiation Effect in the Auger Analysis of
Academic Press, New York, 1970; Mosiewiksch, B. L., and Smith, S. SiO,,” Journal of Applied Physics/ol 45, 1974, pp. 161-166.
J., “Electron Impact Excitation at AtomsReview of Modern Physics  (17) Palmberg, P. W., and Rhodin, T. N., “Surface Dissociation of

Vol 40 (1968) p. 1. Potassium Chloride by Low Energy Electron Bombardmedyir-

(5) Menzel, D. “Desorption Methods,” iffopics in Applied Physi¢sR. nal of Physics and Chemistry of Soljdél 29, 1968, pp. 1917-1924.
Gomer, Ed., Vol 4, Springer-Verlag, Berlin, 1975, p. 101. (18) Tokutaka, H., Prutton, M., Higginbotham, I. G., and Gallon, T. E.,

(6) Lehman, C.,Interaction of Radiation with Solids and Elementary “(100) Surface of Alkali Halides. II. Electron Stimulated Dissocia-
Defect ProductionNorth-Holland, Amsterdam, 1977. tion,” Surface Sciengé/ol 21, 1970, pp. 233-240.

(7) Musket, R. G. and Ferrante, J., “Auger Electron Spectroscopy Study of19) McCaughan, D. V., Kushner, R. A., and Murphy, V. T., “lon
Electron Impact Desorption,Surface ScienceVol 21, 1970, pp. Neutralization Processes at Insulation Surfaces and Consequent
440-442. Impurity Migration Effects in SiQ Films,” Physical Review Letters

(8) Coad, J. P., Bishop, H. E., and Riviere, J. C., “Electron-Beam Assisted Vol 30, 1973, p. 614.
Adsorption on the Si (111) SurfaceSurface Sciengevol 21, 1970,  (20) Pantano, C. G., Dove, D. B., and Onoda, G. Y. R., “AES Composi-

pp. 253-264. tional Profiles of Mobile lons in the Surface Region of Glass,”
(9) Thompson, L. F., and Kerwin, R. E., “Polymer Resistivity Systems for Journal of Vacuum Science and Technoloypl 14, 1976, pp.
Photo- and Electron LithographyAnnual Review of Materials Sci- 649-652.
ence Vol 6 (1976) p. 267. (21) Strausser, Y. E., and Johannessen, J. S., “An Auger Electron Spec-
(10) Thompson, L. F., Stillwagon, L. E., and Doerries, F. M., “Negative troscopy Study of Silicon Spectra from Silicon Monoxide, Silicon
Electron Resists for Direct Fabrication of Devicesldurnal of Dioxide and Silicon Nitride,”Surface Analysis for Silicon Devices
Vacuum Science and Technoloy®l 15 (1978) p. 938. (NBS Special Publ. 400-23), pp. 125-138.
(11) Madden, H. H., and Ertl, G., “Decomposition of Carbon Monoxide on (22) Buchholz, J. C., and Somorjai, G. A., “The Surface Structures of
a (110) Nickel Surface,Surface Scienc#/ol 35, 1973, pp. 211-226. Phthalocyanine Monolayers and Vapor-Grown Films: A Low Energy
(12) Martinez, J. M., and Hudson, J. B., “The Absorption and Decompo- Electron Diffraction Study,”Journal of Chemical Physi¢cd/ol 66,
sition of CO on Pt (111),'Journal of Vacuum Science and Technol- 1977, pp. 573-580.
ogy, Vol 10, 1973, pp. 35-38. (23) Sasaki, T., Williams, R. S., Wong, J. S., and Shirley, D. A., “Radiation
(13) Mathieu, H. H., Mathieu, J. B., McClure, D. E., and Landolt, D., Damage Studies by X-ray Photoelectron Spectroscopy, |. Electron



b £ 983

Irradiated LINQ, and Li,SO,. Il. Electron Irradiated LiCrO, and (26) Madey, T. E., and Yates, J. T., Jr., “The Adsorption of Cycloparaffins

Li,W0O,,” Journal of Chemical Physi¢csVol 68, 1978, pp. on Ru(001) as Studied by Temperature Programmed Desorption and
2718-2724. Electron Stimulated DesorptionSurface Scienc&/ol 76, 1978, pp.

(24) Musket, R. G., “Studies of Clean and Oxidized Tellurium Surfaces,” 397-414.
Surface Sciengé/ol 74, 1978, pp. 423—-436. (27) Knapp, A. G., and Hughes, J. R., “The Effect of Electron Bombard-

(25 Holloway, P. H., Madey, T. E., Campbell, C. T., Rye, R. R., and ment on Evaporated Films of Sodium Aluminum Fluoride,” in
Houston, J. E., “Electron Spectroscopy of Condensed Multilayers: Proceedings 7th International Vacuum Congress and 3rd Interna-
Line Shape Changes Due to Beam Damage and Excitation Mode,” tional Conference Solid Surfaces, Vienna, 1977, Vol 3, pp.
Surface Sciencé/ol 88, 1979, pp. 212-220. 2161-2163.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



