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close to the crystal surface which is important as
dimensions of transistors shrink.

Conclusion

It is hoped that the reader has acquired some
appreciation of the problems, yet power of quanti-
tative depth profiling using secondary ion mass
spectrometry. The technique needs standards to
obtain the accuracy needed for most of the applica-
tions at which it has excelled, and no doubt, this is
a serious problem. Yet, in the field of analytical
chemistry there exist very few techniques which
exhibit quantitative accuracies in the 10-20% range
without the use of standards, (techniques such as
atomic absorbtion certainly require standards).
These problems with quantitation are more than
made up for by the technique's sub-ppm sensitivity,
and universal applicability in terms of both sample
type and elemental coverage, especially when one
considers that this degree of sensitivity and accu-
racy is obtainable with depth resolution in the 50-
100 A range.
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Recent availability of commercial glow dis-
charge mass spectrometer (GDMS) instrumenta-
tion, and the increasing industrial use of GDMS for
bulk trace element characterization have necessi-
tated rapid progress in understanding the systemat-
ics and requirements of GDMS analysis. GDMS
approaches the ideal instrument for broad spec-
trum trace element analysis to ppbw levels. In the
GDMS source the sample is the cathode for a dc
discharge supported by I Torr of Ar or other gas.
The composition of the atoms sputtered from the
sample surface is the same as the bulk solid, provid-
ing a representative pool of atomized material for

further analysis. Atoms are ionized in the plasma
mainly by collision with metastable Ar atoms with
energy levels near 11.5 eV, which is sufficient to
ionize all but a few elements. Sputtered atoms dif-
fuse through the plasma to the walls of the cham-
bers, and ions formed near the exit orifice and
leaving the chamber are mass analyzed and the
mass separated ion currents measured. Ion currents
out of the source are stable and high, and a few ion
counts of an element can correspond to concentra-
tions of less than a ppbw. For example, it has been
determined that Fe present in Cu at a level of
5 ppbw can easily be measured to a precision of
10%.

With a few exceptions, GDMS ion yields vary
by only an order of magnitude over the whole peri-
odic table. Simple elemental survey analyses of
solids can be provided by GDMS which are accu-
rate to within the order of magnitude variation of
relative GDMS yields. However, if material must
be qualified within specified impurity limits or
more accurate elemental contents are required, bet-
ter measurement becomes essential and accurate
relative sensitivity factors must be determined.
There are no adequate theoretical or semi-empiri-
cal models of ion production out of the GDMS
source yet available. Nor is there a good under-
standing of the effects of variations of physical fac-
tors on ion yield (i.e., pressure, discharge voltage
and current, sample cell geometry, plasma gas
composition). Relative elemental sensitivities must
be determined by analysis under similar conditions
of a standard material.

There are several constraints on appropriate
standard material for the relative sensitivity deter-
minations: (1) The full element survey capability
of GDMS requires the widest possible element
coverage for a specific matrix type, preferably
within a single sample. (2) The ability to measure
precisely elements present to the 10 ppbw level,
coupled with the fact of analytical back contamina-
tion of IE-3 to IE-6 of the previous sample, re-
quires accurate standard concentrations of
1-10 ppmw or less. (3) To ensure representative
sampling suitable dopants are those dissolved in the
matrix and not exsolved to grain boundaries or in-
corporated in separate phases since elements
present in different phases may be sampled at dif-
ferent rates. (4) The physical shape of the standard
and analytical samples must be similar to assure
similar discharge conditions. (5) Standards must be
characterized for sampling on the scale of 10-
50 mm' surface area at a rate of I jum/min.
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Since commercial GDMS is recent, standards gen-
erated for other methods must be used. Typically,
available standards useful for GDMS characteriza-
tion are designed (I) for analysis of larger areas, (2)
for techniques less susceptible to heterogeneous
distributions in multiphase assemblages, (3) are not
particularly well characterized for elements below
10-100 ppmw concentration, and (4) are limited in
the variety of dopant/matrix combinations.

The pattern of relative GDMS yields from an Ar
plasma has been established using available stan-
dards, which are generally accurate to better than
10% for elements present at 10 ppmw or greater
concentration. (Relative sensitivity factors as nor-
mally defined for quantitation purposes are the in-
verse of the relative GDMS yield illustrated in
fig. 1.) There is a pronounced trend in yields across
the group b transition elements, decreasing by an
order of magnitude from high yields in groups 3b-
5b to low yields in groups lb-2b. The trend is gen-
eral and not monotonic. A similar but separate
trend is also observed for group a elements.

Relative GDMS yields determined using differ-
ent standards of the same metal agree well within
stated concentration errors, demonstrating an accu-
racy of GDMS analysis of 10-20%. Relative
GDMS yields determined on the same metals but
in a different laboratory (same manufacture of in-
strument) are generally quite comparable, but there
are systematic differences by factors of two or
three in the more electronegative elements, differ-
ences which are not well understood. Relative
yields appear to be moderately sensitive to power
levels and especially sensitive to plasma pressure.
Until interlaboratory differences are resolved, rela-
tive GDMS yields determined on one instrument
are accurate to no better than a factor of two for
use on a comparable instrument.

The relative GDMS yields determined from a
variety of standard metals (Al, Cu, Zn, Steel) typi-
cally agree within 30%, with Ni and Zn in Cu as
notable exceptions indicating possible certification
problems. The GDMS measurement is indeed ma-
trix independent, as well as presently can be deter-
mined, and relative GDMS yields for application
to one type of matrix can be reliably determined
from a different standard type. The differences in
the relative yield determinations from different
metals may be due in no small part to the segrega-
tion of many of the elements into separate phases
(clearly observed by SIMS imaging) with the con-
sequence that sampling is not entirely uniform.
Variations in GDMS measurements due to such

segregation can be clearly exhibited and can be sig-
nificantly reduced by sampling larger areas and by
multiple sampling in a single measurement.

Regardless, not all elements are represented in
standard metals, and theory or a suitable semi-
empirical model must be invoked to obtain the rela-
tive GDMS yields necessary for quantitation. In a
promising approach it has been demonstrated that a
Saha-Eggert formalism exhibits the general fea-
tures of the GDMS yield pattern (W. Vieth, pers.
comm.). Relative GDMS yields calculated this
way are improved compared to uniform yields,
particularly for group b elements, but again accu-
racy is no better than a factor of three for the more
electronegative elements.

In summary, while the precision of GDMS mea-
surements is excellent for the measurement of al-
most all elements at concentrations as low as a few
ppbw, the accuracy of trace constitutent analysis is
quite variable (10-300%) depending on the source
of the relative GDMS yields needed for quantita-
tion. The instrument itself appears inherently more
capable than can be demonstrated using presently
available standards. Improved assessment of
GDMS performance and precise relative GDMS
yield determinations will require more careful se-
lection and characterization of standard materials.
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Figure 1. Relative GDMS yield from the glow discharge mass spectrometer analysis of several standard materials. Measure-
ments were done at the same glow discharge power and pressure for each sample. Measured element ion currents are normalized
to the weight fraction of the element in the standard to determine relative yield.
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Introduction

A full understanding of any chemical process
usually requires the complete elucidation of all of

the reactants involved and all of the products pro-
duced. Even products produced in very minor
quantities can be important because they may
provide mechanistic clues.

The photooxidative degradation of polymers is
an economically important process. If we are de-
signing windows of a clear plastic then stability to
light is all important in order to extend useful life.
If we are designing certain kinds of single-use con-
tainers then we may wish them to degrade rapidly
in order to minimize the potential for environmen-
tal contamination.

Identifying the products of the photooxidation
process is, however, an unusual challenge for the
analytical chemist. Especially in the early stages of
the process, the products are likely to remain
bound to the polymer backbone whose molecular
weight may typically lie in the tens of thousands.
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