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Abstract

Considerably improved suppression of
molecular ions in secondary ion mass spectro-
metry (SIMS) spectra of nonconductor minerals
has been obtained using a CAMECA IMS-3f ion
microscope with unconventional operating condi-
tions [so-called specimen isolated (SI) condi-
tions]. In a zircon spectrum close to forty ele-
ments are positively identified and molecular
ions such as oxides and hydrides have very low
intensities, Thys, with a 28si intensity of 10
cps, the Si /Si0 ratio is 10 and the 3OSiH+
intensity is low enough to enable quantitative
analysis using Pt down to 0.01 wt % PO, in a
silicate glass matrix. The S| conditions”enable
us to follow major, minor and trace element con-
centrations across a complex alteration zone
such as a sphene/hornblende contact. Isotope
ratios show reasonable agreement with natural
isotopic abundances, but relatively large "kinetic
energy'' induced isotopic fractionation is observed
due to our analysis of high kinetic enerqgy secon-
dary ions. For zircon, and sphene samples, the
isotope fractionation plotted against the mass
ratios of the isotopes shows a linear dependence.

KEY WORDS: Secondary lon Mass Spectrometry,
Mineral Analysis, Specimen lIsolation, Molecular
lon Suppression, lsotopic Fractionation, Zircon.
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Iatroduction

The development of Secondary lon Mass Spec-
trometry (SIMS) as a major tool in geochimiﬁal
analysis has been foreseen for some time 15
However in practice, the development of SIMS has
been slowed by considerable difficulties in
quantifying secondary ion yields from complex
matrices. Part of this difficulty arises from
molecular ions which interfere with the detec-
tion of isobaric elemental ions. The second
and more fundamental problem is the complex
nature of the sputtering and ionization process
which is strongly affected by both the sputtered
matrix and the nature of the primary beam. A
further major difficulty specific to non-con-
ducting samples such as most minerals, is in-
stability of the secondary ion signal due to 19
uncontrolled charging of the specimen surface ~.

This paper deals with several of the pro-
blems outlined above, but is primarily addressed
to obtaining clean elemental ion peaks in the
secondary ion spectrum. Interferences can be
alleviated in the mass spectrometer by the use
of either high mass resolution! or kinetic
energy filtering of the secondary ions16. Both
methods can result in effective resolution of
many elemental ions from molecular species, but
both have limitations in that they often sacri-
fice considerable intensity and thus can severely
affect sensitivity. |In the case of high mass
resolution, M/AM up to 5000 causes only a small
intensity loss typically an order of magnitude.
Thus for example the resolution of 3P" from
305iH" is not difficult. However the method is
of very limited use for the rare earths as an
M/AM in excess of 10,000 is necessary to separate
the simplest molecular ions i.e., heavy rare
earth peaks from light rare earth oxides, and the
intensity loss is often prohibitivelZ. Conven-
tional energy filtering is again useful in speci-
fic applications and has provided the best
approach so far to quantitative analysis. How-
ever a 125 eV voltage offset usually results in
at least a two orders of magnitude drop in
intensity. Furthermore even this dearee of off-
set may not be sufficient. Again, to use the
rare earths as an example, a 125 eV offset im-
proves M*/MO+ to only™ 20.




The specimen isolation method2,5,8 has been
shown to exploit an extreme form of kinetic energy
filtering, utilizing the high energy tail of the
secondary ion energy spectrum to suppress mole-
cular ion interferences and stabilize surface
charging. Metson et al8 demonstrated the applica-
tion of the method to mineral specimen wnth gle-
ment /oxide ratlgs better than 10“ for T|+/b
2x]03 for, Y+/ Ivo+, and 5X102 » 1><103 for
! DyO from sphene (CaTiSi0_) samples.
Peak intensities for Cas; Ti and Si énder these
conditions are stlllN 106 cps. Using this techni-
que Mclintyre et alb showed elemental ion/oxide
ratios better than 5X10 for 56Fe /56Fe0+ and

1.7%X105 for 52cr*/52cr0* from stainless steel
specimens, while from pure silicon 285| /L83|O
N1)(105 was recorded under specimen isolation
conditions. Using energy offset conditions to
analyze ions of 12545 eV, these numbers were re-
spectively 1X103, 1X103 and ~5x102

S.l. conditions have now been demonstrated

in a variety of mineral analysis applications in-
cluding trace element and rare earth analysis of
a number of accessory minerals/:8,9,10  |n this
paper we discuss several additional applications
of the specimen isolated method, such as phosphor-
ous determinations in whole rock powers, deter-
mination of trace element partitioning at mineral
interfaces and measurement of isotopic abundances.

Experimental

The results described below were obtained
on a Cameca IMS 3f secondary ion microscope. The
instrument is an electrostatic sector/magnetic
sector instrument with a double focussing geo-
metry, and is thus capable of both high mass re-
solution (M/AM ~10,000) and energy selection of
secondary icns. Kinetic energy selection is
traditionally accomplished either by offsetting
the secondary ion accelerating voltage applied
to the sample, or by translation of an energy
slit located between the electrostatic and mag-
netic sectors., , The primary ion beam used was
mass filtered 0 at a net accelerating voltage
of 14.5+16 kV.In our measurements, the entrance
and exit slits, field aperture and contrast aper-
ture of the secondary column are wide open, re-
sulting in minimum mass resolutijon (M/AM"250) and a
broad energy window (v130 eVv)5,

The extreme form of energy filterina in the
S| mode is achieved through the use of a modified
sample holder in which the sample (usually un-
coated) is insulated from the secondary accelera-
ting voltage, and exposed to the primary beam
through a circular aperture of 3 mm diameter in
the sample holder face (Figure 1) . This hole
size has been shown to give the best compromise
between sensitivity and molecular ion suppres-
sion5:6. The primary beam causes the sample to
charge negatively, with respect to the sample
holder and creates a potential difference of up
to™ 700 eV between the two? Steady state
charging is attained within a few seconds and
stable secondary ion signal (within 1% over 15
minutes) results. The degree of charging can be

partially controlled through varying the primary
beam current, or more effectively by altering the
aperture size of the sample holder2. The
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Figure 1. The specimen holder arrangement for
specimen isolated SIMS. The dimension of
the aperture is the sample mask (3 mm) is
critical in achieving stable, reproducible
charging.

requirements for sensitivity and stable reproduc-
ible charging, impose a minimum possible beam dia-
meter of 40-50 um, and up to 100 um when operating
with maximum sensitivity. This is determined by
the charge dissipating ability of the sample (i.e.
smaller beams can be used on more conductive
samples) and the spreading of the primary beam

by the electric field above the beam impact zone.
Thus true microanalysis would require either the
use of the field aperture in the secondary column
to restrict the analysis area, or some raster-
gating of the secondary ion counting system.
Preliminary investigations of ijon images from a
Cu/A1 grid under S| conditions indicate that from
a conducting sample insulated from the secondary
accelerating voltage and charging ~450 eV, ion
trajectories are not significantly distorted and
thus the field aperture could be used to restrict
the analysis area on such samples. However,
either procedure would be accompanied by some

loss of sensitivity and improved control of pri-
mary beam spot size would be preferable, perhaps
with a variable aperture over the sample surface.

Results and Discussion

The application of energy filtering at the
specimen surface with this method results in ex-
cellent transmission of high energy ions through
the secondary column, particularly through the
use of a broad energy window (v130 eV) and con-
trast aperture. Available intensities in the
high energy spectrum are remarkably high. The 28sj
intensity distribution from a silicon wafer as a
function of secondary ion kinetic energy is
plotted in Figure 2. The wafer potential was
varied using an external power supply, while 4500%

10 eV ions were transmitted by the secondary column.

For nonconductor samples the specimen iso-
lation method results in a SIMS spectrum in which
the molecular ions are very strongly suppressed.
This is illustrated in the spectrum of a zircon
from McDonald Mine, Ontario, Canada (Figure 3).
Molecular ion peaks where resolvable in this
spectrum are almost exclusively due to monoxides
of the major matrix elements. Element/oxide
ratios decrease with lacreaS|ng mass from 10°
(for sit/sio ) to 2X10%(for Th /Tho).
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Figure 2. Inten5|t ction of energy for
28gi+ (o) and secondary ions, mea-
sured from a pure S| wafer coupled to an ex-
ternal power supply. Primary beam 25 nA
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ions
in fact, more of a potential problem, with

3 : 3 :
1°/2 ratios over an order of magnitude lower in
the high energy spectrum, and as low as 2745 (for
Ca /Ca ). Fortunately, such inteferences are
usually distributed at half and integral M/e
values. Thus they interfere with fewer peaks than
molecular ions, and in most cases can be relatively
easily corrected for.

The advantages in sensitivity of SIMS over
X-ray based analytical methods are clear in the
zircon spectrum (Figure 3), with close to forty
elements positively identified. The spectral
data was obtained in the space of five minutes.
The resolution of the complete rare earth series
is notable as the Rare Earth Elements distribution
pattern is readily calculatedd directly from the
intensity data. MacRae and Metson/ have measured
Rare Earths at 100 ppb levels using this approach.
These levels of the heavy Rare Earths have not
been satisfactorily resolved with either con-

ent|onai energy filtering or high mass resolu-
tion!

Interferences from multiply charged elemental
are,

Elemental ion intensities from the zircon
spectrum show reasonable agreement with natural
isotopic abundances (Table 1). However
one observes a clear fractionation towards
lighter isotopes, consistent Wlth gr§¥ ?gs SIMS
observations of isotope effects3 , but
considerably larger than those preV|ously res
ported. Fractionation factors (F.F.) as large as
33% are apparent in Table 2, where:
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Figure 3. The secondary ion mass spectrum (bar graph) of a zircon crystal from McDonald Mine, Ontario,

Canada. Count time 1 sec/mass unit. lon

intensities reach constant values after 1 minute of sputter-

ing. This spectrum was obtained before the primary beam mass filter was installed,thus the peaks attri-

buted to Ni  are probably contaminants from the primary
present hydrides but are du

12,13,14 and 15 are due to . , and ~°Si

597

beam. The peaks at M/e 233 and 239 do not re-

? to thg bro?g and noncenﬁred 232 and 238 peaks respectively. Peaks at M/e=

respectively.
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(L/H) observed (1)
EJE. = [(L/H) absolute =] % i
L = intensity of lighter isotope, H = intensity

of heavier isotope. We believe these large values
result from the analysis of secondary ions of

much higher kinetic energies than those observed
in previous reports of this type of isotope

effect (>500 eV compared to 0 - 80 eV). Isotope
measurements in SIMS experiments have been and

are still very difficult to make. However two
features of the high energy secondary ion spectrum
simplify measurements in this energy region. One
of the major problems in isotope measurements is
the instability of the secondary ion signal whe-
ther due simply to primary beam instability, the
dynamic nature of the sputtering process or intro-
duced by the method used to eliminate molecular
ion interferences. High mass resolution, which

is the preferred method of ensuring unequivocal
peak identification, requires extremely high in-
strument stability particularly in the magnetic
sector! and is restricted to elements where the
relevant molecular ions can be resolved without
prohibitive loss of intensity. In the S| mode,
although molecular ions are by no means eliminated,
they are strongly suppressed to a degree where
isotope measurements are possible under far less
rigorous instrumental conditions than if mass
resolution in excess of “4000 were required.

The second feature of isotopic measurements
is that the observed instrumenta! mass fractiona-
tion is a function of secondary ion energy, and
appears to increase with increasing enercy. This
neither helps nor hinders the resolution of geo-
chemical isotopic anomalies, however the observed
ratios must be accurately corrected on the basis
of the energy of the analyzed ions.

In this series of measurements, isotope in-
ten51t|e§8were determined relative to the inten-
sity of SiT Thus the erraés reported include
the reproducibility of the Si  intensity.

The first question which must be addressed
is the reproducibility of isotope measurements.
The simplest case is summarized in Table 3. A
NBS standard Si wafer of known isotopic composi-
tion (990) was isolated from the sample holder
with a Teflon spacer (see Figure 1) following
the normal S.|I. procedure From a mass spectrum
of the silicon isotopes, %netnc Eéeld paro
meters!3 were obtained for Si  and Si
Six determinations were then made of the Si iso-
tope abundances with four measurements in each
determination. Count times of 1, 2, 4, 4, 8 and
16 seconds per isotope were used in the six blocks.
The results are shown in Table 3 together with
a second set of measurements on the same wafer
obtained several hours later after remounting the
sample in a second sample holder, again with a
3mm aperture size and Teflon insulation. Surface
charging was measured by scanning of the clectro-
static analyzer to the position of peak secondary
ion intensity®, which was assumed to represent
05 eV ions.

From Table 3 it is apparent that under these
conditions (semiconducting sample, Teflon insu-
lated, surface charge 430 + 10 eV), isotope mea-
surements for major elements can be made with
considerable reproducibility. It is also

598

apparent that even analyzing such high energy
EgeC|es thige is a measurable contributj 8n of
29S|H to 9 30Fr m the deviation of /

/ Si~ from the theoretical (mass
dependent) fractlonaﬁgon iéne, it is po&5|ble to
estimate a ratio of Si/ S|H "~ 65X10 This
is slightly lower §8 EBe ratios obsgrved in
bargraph spectra, Si/”"SiH 1 >3 X10

Measurements on natural mineral samp]es are
considerably more difficult, particularly if the
fractionation of less abundant elements is of
interest. Intra-measurement reproducibility is
proportional to secondary ion |nten5|ty I98the
zircon sample, standard deviations for *2r/

(z = 90,91,92,94,96) range from 0.1~ 0.4% over
four measurements with four cycles within each
measurement. This is irrespective of whether
the peak positions are determined by (a) manual
adjustment of the magnetic field (b) auto cali-
bration by step scanning over the peak or (c)
magnetic field parameters determined from the
mass spectrum. The opposite extreme is repre-
sented by light trace elements where low in-
tensities and narrow peaks make field adjustment
and machine stabééntx critical. Standard devia-
tions for L| Si  ranged from 3 to 7% over
blocks of four cycles

The measurement to measurement stability
in determining isotope ratios is summarized in
Table 2. In all cases except Li 6/7, 0 lies
between 0-3% (Zr) and 5% (B & Mg). |Ip the case
of L th atios where the combined OLi*/28si+

7§8£
and “Li Si  errors were greater than 5% were
rejected (both from the mass spectrum), leaving
only two of the four determinations. It is clear
from the relationship betweeno and the observed
intensity, that the ability to determine iso-
topic ratios is determined largely by counting
statistics rather than any variation in the iso-
tope ratios themselves due to effects such as
differential charging which would influence all
elements.

The fractionation factors we observed
vary almost linearly with M /M (Figures k4(a) and
4(b)), indicating a purely mass related effect, 15
in line with the observation of Shimizu and Hart ~.
In terms of the formalism proposed by Slodzian
et al this means that in the 400~ 700 eV
secondary energy region , within a given matrix,
the parameter a = FF/AM, /M is similar for ail
elements i.e. there is no6 resolvable element
effect as is observed with low energy secondaries
The value of a (equivalent to the slope of the
FF vs MH/ML plot) is determined by the degree of
surface charging.

The population of sputtered neutrals plus
ions must, in equilibrium, _reflect the composi-
tion of the bulk material Thus mass related
isotopic effects must predominantly be intro-
duced in the process of ionization (assuming an-
qular distribution effects are small) and selec-
tivity is clearly enhanced in the higher energy
secondary ion spectrum.

Secondary ions are assumed to be sputtered
predominantly as neutrals and are subsequently
ionized as they cross the surface energy barrier.
Thus the enhanced degree of isotopic fractionation
we observe is also a potential tool for the inves-
tigation of the ionization process. The assumption

3.




Analysis of Minerals Using Specimen Isolated SIMS

TABLE 1

Observed isotopic ratios and fractionation factors in the
Secondary lon Mass Spectrum of McDonald Mine Zircon

Mass Spectrum Isotope
Element Isotope Integrated Peak top Peak top Average Absolute Fractionation
__pair ratio ratio factor
(] 6:7 [0.083] [0.065] 0.093 0.097 0.095%0.3 0.080 18.8 + 5.0
B 1001 0.265 0.257 0.278 0,253 0.26 +0.01 0.244 7.8 £ 4.5
Mg 24:26 71:38 7. 44 8.15 8.38 7.84 +0.5 7.18 9.2 £ 6.9
Si 28:29 20.6 20.8 20..7 20.4 20.6 0.2 19.62 5.0 £ 1.0
28:30 32.5 33.8 30.9 32.4 32.4 £1.2 29.84 8.6 + 4.0
Ca Lo:42 154 152 162 166 159 + 6 151.6 b9 + 4.5
Fe 54:56 0.0664 0.0668 0.0654 0.0670 0.0664+0.0008 0.0635 L6 +1.3
Sr 86:88 0.123 0.130 0.116 0.130 0.125%0.007 0.119 4.8 + 6.0
Zr 90:94 3.11 307 3.09 32:11 3.09+0.02 2.960 ol & 1.4
90:96 19.8 19.9 19.:7% 19.8 19.8+0.1 18.39 7.67+0.55
Hf 177:180 0.545 0.534 0.541 0.537 0.538+0.005 0.526 2.28+0.95
TABLE 2
Isotope ratios observed using the mass spectrum for a synthetic sphene (CaTiSiO5 ) ceramic
Element Isotope Observed Absolute Fractionation (a) 2hM9+ has been corrected for interference
pair ratio ratio factor L8_ . ++ . :
. PP P S i f rom Ti . This was done on the basis
H : o2 y
Mga 24+ 26 9.01 7.182 ;g'i of the intensities of A7Ti++ and Q9Ti++
Si 28:29 22.3 19.62 13.5 at M/e = 23.5 and 24.5 respectively.
28:30 37.0 29.84 240 The uncertainty in 24:26 is thus con-
29:30 16.6 15.21 9.3 siderably greater (#7%) than the other
o 40:42 187.8 151.6 23.9 elements considered.
% Lo:44 62.8 47.10 33.4 (b) “8Ti+ must be corrected for interference
Ti 47:49  1.50 1.321 13.3 48 + )
47:50 1.62 1.363 18.9 from Ca L TQIS was done from the in-
48:50 15.9 13.84 14.9 tensity of Ca togetheggwiihuéhe+pre-
S 86:87 1.45 1.405 3.2 dicted fractionation of Ca Ca
86:88 0.123 0.1194 2.8 (c) These two are the only Zr isotope ratios
70 90:91 L8k 4.598 5.2 not affected by overlap with large Mo peaks,
Mo 95:100 1.87 1.630 14.8 Pzc*, Pzt and B20h),
98:100 2.68 2.471 8.6
TABLE 3
Isotope ratios from pure silicon SRM990 under Specimen Isolated conditions
|sotope pair: holder 1 holder 2 Absolute Mean F.F. (%)
28/29 20.80+0.06 20.7£0.1 19..75 5.06+0.04
28/30 33:3 £0.2 33.14% 0.2 29.74 11.63+0.14
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Figure 4. A plot of fractionation factor FF vs. mass ratio (M,/M ) for (a) the McDonald Zircon crystal

and (b) a synthetic sphene (CaTiSiO_).
is reflected in lower surface charging and thus
hydride contributions at M/e 178 and 179
problem in the sphene spectrum run earlier
and more consistent FF values.

The data used are
duoplasmatron problems, we were limfted to small primary beam current (5 nA) in Figure k4a.
limited offset was achieved.
make these peaks
(v90 nA primary current) and this is reflected in larger

Because of
This

rawn from Tables 1 and 2.
For example, the

impossible to use. This is not a

that angular distribution effects are small
certainly needs further investigation in this range
of secondary ion energies and surface charge dis-
tributions. Preliminary investigations of the

role of the contrast aperture (controlling accept-
ance angle of secondary ion trajectories), suggest
measurable effects and this is under further
investigation.

High sensitivity for a wide variety of ele-
ments can also be of considerable use in in-situ
examination of small phases within minerals and
mineral assemblages. The ability to scan across
a surface gives the capability for three dimensional
analysis of a mineral surface. A line scan of a
sphene [CaTiSi0.], hornblende [(Na,K)O_1Ca2
(Mg,Fe,Al)5 518822(OH)2] contact is shown in

Figure 5, illustrating the capability to follow
both major and trace elements across a large and
complex alteration zone between the minerals.
Comparison of the chemical compositions of the
two minerals (from the electron microprobe) and
SIMS intensities shows that matrix effects are
relatively unimportant - at least for these high
energy ions. Thus, in qualitative agreement with
the SIMS data, the electron probe analyses (Table
4) show that the Si analyses (30% Si0, for the
sphene and 52% for the hornblende) c%ange by only

INTENSITY

600

F»Hornmende
ZBSi

Sphene-{

10E61L

39K
487j

140Ce

I y s '
300 600
Scan Distance (pm)

1
900

Figure 5. Line scans of four elements across a
sphene/hornblende contact. This sample is from
Bear Lake Rd., Ontario, Canada and is the junc-
tion of a large sphene crystal and a surrounding
hornblende matrix.
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TABLE 4

Electron Probe Analyses of Bear Lake Sphene and
Hornblende ™1.0 mm from contact

Sphene Hornblende

SiO2 30 :32 53.25
Cal 27435 7590
Ti02 37.54 0.1
Mg0 0.01 17.67
A1203 0.38 1.13
Fel 1.46 9.64
KZO - 1.33
NaZO 0.36 4.92
Mn0 0.05 0.36
Nb20 1.00 =

5 9818 96 .25

a factor of 1.7; the Ce levels in the hornblende
(v20-40 ppm) are two orders of magnitude lower
than in the sphene (v1600 ppm determined by
neutron activation), and the Ti level in the
sphene (37.5% Ti0,) is two orders of magnitude
larger than in the hornblende (20 .10 It . is in=
teresting that the Kt and Cet profiles which

should mark the interface between the two minerals,

do not appear to correspond: the rise of K+ and
decline in Ce* are separated by ~300 um.

The high levels of elemental/molecular ion
discrimination observed improve prospects for
quantitative analysis for many elements in sili-
cates (Nesbitt et alll - 1985). One ex-
ample of this is phosphorus determination in sili-
cates. The resolution of 31" from 305iTH+ has
been a major use of the high mass resolution
capabilities of magnetic sector based SIMS instru-
ments. Using the specimen isolated method we
have analyzed a series of whole rock powders with

known phosphorus concentrations. Specimens were
prepared as fused discs in a Pb,Si0y glass
matrix. This presents an extreme example of the

P determination problem, as silicon is the domin-
ant matrix element, Under specimen isolated con-
ditions, measured 31P*+/285i+ values when plotted
against the rock powder P levels form a straight
line passing (within experimental error) through
the origin (Figure 6). Thus the 20si TH+/30gi#
intensity ratio is less than 3X10'“ in these sili-
cate matrices, making it possible to determine
phosphorus levels to below 0.01% P,0. with no
corrections for interference, providéd suitable
standards are available. Although in this case
the phosphorus peak can be readily resolved using
moderate mass resolution (M/AMAG000), the same is
not true, for example, for resolving the heavy
rare earth elements, from the light rare earth
oxides!?, MacRae & Metson’/ have measured

155 (La0)*/"3%a* ratios <1073
isolated conditions.

under specimen

10 1
~ ] S¥-3,
~ 8' /
Q
x SY=2
0 6
S ~
@4- ~ JB-1
Q -
24 JG-1
1.7 MRG-1
O T T v T 1
0 0.2 0.4 06
Wt P,0g
Figure 6. A plot of 3]P+/285i+ intensities versus

phosphorus concentration for a series of anal-
yzed rock powders incorporated in lead silicate
glasses. Error bars represent 10% variations
in the rock standard P values. Standard de-
viations in the SIMS measurements ranged from
2.3% (SY-2) to 5.4% (JG-1) over 4 cycles of

2 seconds. Thus the counting errors are

small relative to the horizontal error bars.

Conclusions

It is clear that SIMS has considerable poten-
tial in geochemical analysis as an eventual sub-
stitute for a number of analytical methods currently
employed. The use of specimen isolation provides
greater suppression of molecular ions than has been
reported in the conventional application of energy
filtering and has considerably broader application
than high mass resolution. The major drawback in
utilizing this method is the current restriction
on analysis area (n 50 um), which limits the
analysis of small phases.

As well as simplifying the interpretation of
spectra, the side effects of analyzing a relatively
high energy secondary ion population are potenti-
ally interesting in their own right. The increased
yield of multiply charged ions and the relation-
ship of secondary ion energy to isotopic fractiona-
tion provide tools for the investigation of the
fundamentals of the ionization process.

There is also the prospect that higher energy
ions, as we analyze with this method, will be less
susceptible to some of the matrix effects which
influence the main low energy secondary ion popu-
lation. Further experiments are being undertaken
to investigate this possibility.
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Discussion with Reviewers

P. Williams: Given the accepted fact that in-
tensities fall monotonically with energy from

the low energy maximum, how can S.l. filtering
give better intensity than conventional filtering
with the same energy window?

Authors: We cannot satisfactorily account for the
magnitude of the intensities seen under S.|. con-
ditions. However we have identified several con-
tributing factors which favour energy filtering at
the sample surface by this method. The first is
that the energy window is not the same. With in-
creasing secondary ion energy the contrast aper-
ture appears to control the width of the energy
window. At 500 eV with a fully open contrast
aperture the effect is substantial and is accom-
panied by a decrease in the apparent mass resolu-
tion. A second factor is the large primary beam
currents limited in our case only by what the
duoplasmatron will deliver (100 +200 nA), which
can be stabilized on insulator surfaces under
these conditions (with correspondingly large beam
diameters) .

P. Williams: Given that differential charging
across the surface of an insulating sample garbles
the ion image, what are the prospects for micro-
analysis with this technique?

Authors: The''garbling''of images from a charging

surface results from the effects of a non-uni-
form electric field above the surface bending ion
trajectories. However this effect is most pro-
nounced for low energy (050 eV) secondaries
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which are readily bent. Images from higher energy
secondaries are less distorted. Thus, even from
the Cu/Al grid under S.l|. conditions it is
necessary to image ions of energies close to or
greater than the surface charge. Thus 0~ 300 eV
ions yield no image detail, while 500 ~600 eV ions
are relatively undistorted except for a beam
directed near the edge of the sample holder. The

field lines above such a surface are discussed in
reference 2. In the case of an insulating sample,
the critical consideration is how 'differential"
the charging is. It is extremely difficult to

measure charge distribution across such a surface,
however computer simulation_studies indicate that
with a large beam and a 1/r“charge distribution,
the trajectories of 500 eV secondaries (as are
typically obtained under these conditions) are not
significantly distorted and should be '"'imagable''.

An interesting alternative approach is to gold
coat the surface anyway and insulate it below the
same aperture. Charge distribution problems are
somewhat simplified under these conditions while
the secondaries analyzed are still 450+ 550 eV.

Microanalysis probably still hinges on achiev-
ing the same degree of charging with smaller beams
and thus smaller currents. A corresponding re-
duction in aperture size is required and the
effect of this on sensitivity and stability has
not yet been examined.

S.J.B. Reed: No allowance is made for ion yield
variations between the rare earth elements, which
have been found to vary by a factor of at least

5 (ref. 12). Has any investigation of REE yields

under S.l. conditions been made, as is necessary
to quantify results?
Authors: Rare earth element ion yields have been

investigated and are discussed in reference 7.
They do not differ significantly from those in
reference 12 apart from a compression in range
between the most and least sensitive.

S.J.B. Reed: Is it known approximately what the
effective energy threshold is in this form of
secondary ion filtering, also what fraction of
the secondary ions are utilized?

Authors: The effective energy threshold can be
and has now been measured quite accurately on a
wide range of samples. All the samples analyzed
both insulators and conductors, fall in the
450+ 700 eV range with most distributed around
500 eV (3 mm aperture 100 nA 1607y . As far as
fraction of secondaries utilized, that depends
on the energy distribution of the species being
investigated. It is probably highest for the
rare earths and heavier elements at V1~ 3% and
at least an order of magnitude lower for Al, Si

etes
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