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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (1ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical com-
mittees. Each member body interested in a subject for which a technical committee has been established has the
right to be represented on that committee. International organizations, governmental and non-governmental, in liai-
son with ISO_alsa take part in the work. ISO collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication als an International Standard requires approval by at least 75 % of the member bedies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent'rights.

International|Standard ISO 14707 was prepared by Technical Committee IS@/TC 201, Surface chemicgl analysis,
Subcommittde SC 8, Glow discharge spectroscopy.

Annex A of this International Standard is for information only.
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Introduction

Glow discharge optical emission spectrometry (GD-OES) is used to determine the elemental composition of solid
samples. GD-OES may be used for either bulk or depth profile analysis. In bulk analysis, changes in elemental com-
position with depth into the specimen are assumed to be negligible. In contrast, the main goal of depth profile analy-
sis is usually to gain information concerning such changes of composition. Layer thicknesses amenable to GD-OES
depth profiling range from a few nanometres to approximately one hundred micrometres

As is true for any instrumental analysis method, the quality of a GD-OES analysis depends markedly gn the correct
optimizatign and operation of the instrumentation. This document provides guidelines of practice that should be fol-
lowed to epsure that GD-OES analyses are of the highest possible quality.
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Surface chemical analysis — Glow discharge optical emission
spectrometry (GD-OES) — Introduction to use

1 Scope

This Interrllational Standard provides guidelines that are applicable to bulk and depth profiling GD30O

The guide
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lines shou

Although 3

lines contained in this document use the Grimm type as an example. This is bgeause the Grimm tyy

counts for
understoo

type, and that the Grimm type device is used only as an example.

2 Normfative references
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references

isters of cyrrently valid International Standards,

ISO 3497:

ISO 5725+
ciples and

ISO 5725-
for the det

ISO 5725+
measures

ines discussed herein are limited to the analysis of rigid solids, and do not cover the @nalysi
olutions. Combined with specific standard methods which will become available inthe-future,
d enable the regulation of instruments and the control of measuring conditions.

everal types of glow discharge optical emission source have been developed over the yea

a very large majority of glow discharge optical emission devices éurrently in use. It shou
] that the guidelines contained herein are equally applicable to other’source designs, such a

ng normative documents contain provisions which, through reference in this text, constitute
htional Standard. For dated references, subsequent amendments to, or revisions of, any of t
bt apply. However, parties to agreements based on this International Standard are encourag
ossibility of applying the most recent editions of the normative documents indicated below.
, the latest edition of the normative doeument referred to applies. Members of ISO and IEC

1990, Metallic coatings — Meéasurement of coating thickness — X-ray spectrometric method

1:1994, Accuracy (trueness and precision) of measurement methods and results — Part 1:
definitions.

P:1994, Accuracy (trueness and precision) of measurement methods and results — Part 2: |
ermination @f-repeatability and reproducibility of a standard measurement method.

3:1994;-Accuracy (trueness and precision) of measurement methods and results — Part 3:
of-the precision of a standard measurement method.

ES analyses.
5 of powders,
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s, the guide-
e device ac-
Id be clearly
s the Marcus

provisions of
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ed to investi-
For undated
Maintain reg-

(General prin-

Basic method

Intermediate

ISO 5725-4:1994, Accuracy (trueness and precision) of measurement methods and results — Part 4: Basic methods
for the determination of the trueness of a standard measurement method.

ISO 6955:1982, Analytical spectroscopic methods —

Flame emission, atomic absorption,

fluorescence — Vocabulary.

3 Terms and definitions

and atomic

For the purposes of this International Standard, the terms and definitions given in 1SO 3497, ISO 5725-1,
ISO 5725-2, ISO 5725-3, ISO 5725-4 and 1SO 6955 apply.
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4  Princip

le

Analysis by GD-OES involves the following operations:

a) preparation of the sample to be analysed, generally in the form of a flat plate or disc of dimensions appropriate to
the instrument or analytical requirement (round or rectangular samples with a width of 10 mm to 100 mm are suit-

able);
b)

cesses occurring in the glow discharge;

sion inte

sities are recorded as a function of fimp)'

atomization and excitation of the analytes to be determined by means of ion sputtering and energy transfer pro-

measurement of the emission intensities of characteristic spectral lines of the analytes (for depth profiling, emis-

d) determin

known cq

with refelence samples of known composition and sputtering rates).

A diagram of
device as an

ption of the analyte concentrations contained in the sample by calibration with reference-5
mposition (for depth profiling, the sputtered depth as a function of time is also determined by

a typical GD-OES system is presented in Figure 1. GD-OES is based on theluse of a glow
optical emission source. The glow discharge device consists of a vacuum_chamber filled w

amples of
calibration

discharge
th an inert

gas, usually argon. The glowing plasma, from which the discharge takes its name, is,maintained by a confrolled high

voltage of 50
serves as the

Atomization
plasma are 3
surface, its k

ejected into the plasma. Once in the plasma, these sputtered sample*atoms may be excited through ine

sions with el
emission upg
means of ap
ments may b
be accessed
odic table ca

5 Appars

At a minimun

5.1 Glowd

A diagram of
device have
Figure 2. As
an inner dian
the cathode

D V to 1 000 V applied between the anode and cathode in the inert gas:\I'he solid sample to b
cathode.

ccelerated toward the cathode surface by the electric field in'the plasma. When an ion collid
netic energy may be transferred to atoms on the surface;\causing some of these surface a

bctrons or other species. The majority of these excited analyte atoms then emit characteri
n relaxing into the lower electronic state. This optical emission is translated into an analytica
bropriate optical and electric components. A polychromator is commonly employed, so that
b quantified simultaneously. Spectral lines that\are not contained in the line set of the polychrg
by means of a scanning monochromatoryjf-one is available. In practice almost all elements
N be determined, including metals, metalloids and non-metals.

tus

N, the apparatus consists©fythe following:

ischarge optical-emission source

a Grimm typélow discharge optical emission device is shown in Figure 2. Several modifica
been introduced by instrument manufacturers, but the basic principle is not different from th
hoted in-clause 4, the sample effectively serves as the cathode. The anode takes the form of
neter oftypically 2,5 mm to 8 mm. The distance between the front face of the anode and the
ssually between 0,1 mm and 0,3 mm. As a result, ion sputtering is confined to a circular re

e analysed

bf sample material in the glow discharge is the result of ion.sputtering. Inert gas ions forined in the

bs with the
oms to be
astic colli-
5tic optical
| signal by
many ele-
mator can
n the peri-

ions in the
t shown in
h tube with
surface of
pion of the

sample surfal

aWwith a3 diameter annroximateh aaual to the inner diametar of thae anaode
WHA-a-Glaeteapproxiatey-egquar—to-te-hhReralamheteothe-ahoae-

The glow discharge device requires several peripheral pieces of equipment for its operation. These include an elec-
tric power supply, one or two vacuum pumps, a source of inert gas, a means of delivering that gas into the device in
a controlled manner and a vacuum gauge. A cooling device, such as a metal block with circulating cooling liquid, is

sometimes n

a) Source p

ecessary for thin samples.

arameters

Glow discharge devices may be operated in either direct current (dc) or radio-frequency (rf) mode. Combinations
of these two modes, such as the use of an rf voltage superposed onto a dc voltage, have also been reported.

1) For dc operation, the pertinent electrical parameters are discharge current (5 mA to 200 mA) and voltage
(400 V to 2 000 V). In addition to the electrical parameters, other parameters are important for the character-
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Figure 1 — Schematic diagram of a GD-OES system

istics of the device. These include the inner diameter of the anode (2,5 mm to 8 mm), gas type gnd purity (for
example,argon, > 99,999 %), gas flow rate (0,2 I/min to 0,3 I/min, see note below) and physical characteris-
ticg of the"sample material (for example, secondary electron emission yield and sputtering yield). The com-
bined-effects of all of these factors determlne the spectrochemlcal character of the glow discharge. Generally,
it iSreeommended-thatthegas Atvoltage and cur-
rent. As an example typ|cal operatmg condltlons for dc GD OES bulk anaIyS|s of low-alloy steels are
0,25 I/min argon flow rate, 600 V to 1 000 V discharge voltage and 30 mA to 60 mA discharge current, for an
anode of 4 mm inner diameter.

NOTE It should be understood that the discharge gas flow rate is the practical means of controlling the source operating
pressure, and so suggested ranges are very much source specific, and are provided here only with reference to the
Grimm lamp example.

Typical conditions for rf glow discharge include the same range of argon flow rate and similar discharge
power and voltage as in dc operation. In terms of the electrical parameters, it is important to note that
GD-OES instruments usually measure either the incident power or the applied RMS voltage. In the former
case, it must be understood that the incident power is the power delivered to the glow discharge system by

© 1SO 2000 — All rights reserved 3
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the rf power supply. Because of power losses in cables, the cooling system, etc., the effective power is gen-
erally lower than the incident power (i.e., the power actually dissipated within the glow discharge itself). Sim-
ilarly, in the latter case, the measured voltage may not be an accurate representation of the effective
discharge voltage. The rf power supply may be of either the fixed or the variable frequency type. In either
case, the rf frequency is usually between 3 MHz and 41 MHz. Common fixed frequencies are 13,56 MHz,
27,12 MHz and 40,68 MHz.

In addition to conductive samples, rf GD-OES allows the analysis of non-conductive samples. For non-
conductive samples, the rate at which ion sputtering erodes the sample surface is usually in the range of
50 nm/s to 150 nm/s. Non-conductive layers on conductive substrates may also be examined. For these sam-

ples,

the applied rf voltage is generally higher than for conductive samples.

b) Sourcels

The optid
spectrom
path fron
cause O4

bectrometer interface

al radiation emitted from excited sample atoms is guided by lenses or mirrors to the entranc

the glow discharge source to optical detector must be sufficiently free of molecular oxygen.

flushing the system with a suitable pure gas such as nitrogen (or argon), or by evacuating the optic

pressure
cally.

5.2 Optica

less than 0,01 Pa. The window separating the source and the spectreméter must be clean

unit

The most conmon instruments are equipped with a simultaneous spectrometer (for example, a direct read

chromator) v
monochromg
tive spectral

type detectol
eter configur

5.3 Photoe

Most glow di
performance
imum quantu
sponse and

tor). With either simultaneous or sequential specttometers, the spectral bandpass, and thus
esolution, is determined by the dispersion of the’instrument and the geometrical slit widths.
., such as a charge coupled device (CCD) or a‘charge injection device (CID), is used, special
htions are necessary to cover the wide spectral range of the detector.

lectric detectors and measuring-devices

scharge spectrometers are-equipped with photomultiplier tubes for signal detection. To achiev
(i.e., signal intensity, sensitivity and power of detection), photomultipliers with low dark curren
m efficiency are required. The photomultiplier gain shall be selected properly to avoid nor
saturation. This~is~accomplished by measuring selected samples containing differe

slit of the

eter. If spectral lines with wavelengths below 200 nm (i.e., vacuum UV) must be,used, the entire optical

his is be-

has very strong absorption bands below 200 nm. Oxygen can be eliminated from the optical[system by

| path to a
pd periodi-

er, or poly-

ith 20 to 50 fixed channels. It is also common toxcombine this with a sequential spectroineter (i.e.,

the effec-
f an array-
spectrom-

e optimum
I and max-
-linear re-
nt analyte

concentratiofs and adjustingthe’ gain in such a way that sufficient sensitivity at the lowest analyte concentrations is

ensured, wit

hout saturation-of the detector at the highest analyte concentrations. The amplified dete

tor output

should be digitized by means of analog-to-digital converters and transferred to a computer for data storage and fur-

ther evaluatid

n.

6 Procedure

6.1 Verification tests

6.1.1 General

In order to obtain analytical data of the highest possible quality, it is necessary to verify the performance of the spec-
trometer and all devices connected to the system. If such verification was not performed by the instrument manufac-
turer at the time of installation, then it should be done by the user. Verification should be also performed periodically.
The principal components to be checked are the glow discharge source, the optical unit and the electric measuring

devices.
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Figure 2 — An example of a glow discharge source (Grimm type)

6.1.2 Glowdischarge source

The following should be examined using adequate source parameters [see 5.1a)] and a suitable sample (for exam-
ple, iron):

a) the stability of sputtering and plasma composition while the discharge is running, using intensity ratios of spectral
lines of interest to either the background continuum or to plasma gas lines;

b) the sputtering rate of the chosen sample at the selected discharge conditions;

c) the gas quality and tightness of the vacuum system, especially if elements that exist in the Earth's atmosphere
are to be determined,;

d) the condition of the anode (for example, the spacing between its front face and the sample surface).

© 1SO 2000 — All rights reserved 5
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6.1.3 Optical unit and electric measuring device

The following should be verified:

a)
image of

b)

the source on the entrance slit);

useful spectral range, using a suitable sample (for example, low-alloy steel);

c)

the alignment of the glow discharge emission source with respect to the optical axis of the spectrometer (i.e., the

the spectral resolution of the spectrometer and the accuracy and stability of the wavelength adjustment over the

the stability of the detector readout with the glow discharge on and off, measured over a suitable period of time.

6.2 Deterrlnination

6.2.1 Gene

In order to aq
the measure
sample grou

Quantitative

6.2.2 Prepd

The reliability
essary to use
tical emissio
under measy
determine th

Requirement
flat and large|
Moreover, th
maintain a si
anode shall |

To resolve pn

al

ment shall be performed under suitable discharge conditions, which are/determined for the
ps to be analysed in accordance with the following instructions.

hnalysis by GD-OES involves the following steps:

ration of the required calibration samples

of the calibration procedure largely determines the accuracy of the analytical results obtaine
sample materials of well-known composition (either'reference materials or secondary standa
N spectrometric analysis. The calibrants should;;to the largest possible extent, resemble th
rement with respect to chemical composition.and metallurgical pretreatment. The calibrants 2
b sputtering rate and emission intensity of.ahalyte elements as a function of concentration.

s for sample shape and size are determined by the design of the source. Normally, the samp
enough to cover the contact surface-of the sealing medium for vacuum (for example, O-ring in
e surface of the sample shall be sufficiently smooth to form a suitably tight vacuum seal.

itable discharge, sputtered;sample material that is deposited onto the interior wall and front
e regularly removed by mieans of a cleaning device. A reamer is commonly employed for thi

pblems that may occup during measurement, the following points should be checked using s

ibration samples:

a) the range
b) the press

c) the contr

of concentration for each element to be determined;
nce or absence of interfering spectral lines of species associated with the sample or the disc

butiont of the background emission and its temporal fluctuation;

hieve the full analytical potential of GD-OES in terms of limit of detection, aceuracy and reptoducibility,

particular

1. Itis nec-
rds) in op-
e samples
ire used to

le shall be
Figure 2).
n order to
face of the
5 purpose.

litable cal-

harge gas;

d) adequat

6.2.3 Optim

4 H a ot Pt r £ <l 4L £110
SPUticTimy dimfuuatd acyuisitiuTT TatC S TUT U PuT prommmiy.

ization of measuring conditions

Usually, the operating instructions supplied by the instrument manufacturer state the operations to be carried out in
setting up the instrument using calibration samples. The operations typically specified are as follows:

a)
source;

b)
c)

ignite the glow discharge;

mount a test sample on the glow discharge device and produce an ultimate vacuum of the order of 0,1 Pa in the

set the appropriate conditions (for example, gas flow rate or pressure, voltage, current, power, frequency);
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