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A  radio-frequency  plasma  ion  source,  the  Hyperion-II,  has  been  commissioned  on  a  CAMECA  ims1290,  a
high resolution/high  transmission  secondary  ion  mass  spectrometer  at UCLA.  Performance  characteris-
tics  (e.g., beam  density,  spot  size,  etc.)  of  the  primary  oxygen  beam  are  documented  and  application  to
isotopic  analyses  requiring  high  lateral  resolution  with  high  secondary  ion transmission  are  described.
The  Hyperion  source  delivers  on  average  10 times  and 6 times  the  current  density  delivered  by  the
CAMECA  duoplasmatron  for 16O− and 16O2

− beams,  respectively.  This  significantly  enhanced  current
yperion ion source
econdary ion mass spectrometry (SIMS)

density  allows  for reduction  of  the  analytical  spot  size  by at least  a  factor of three  while  maintaining  the
beam  intensity,  making  it possible  to perform  isotopic  measurements  at smaller  scales  without  sacrific-
ing analytical  precision.  In addition,  the  smaller  Hyperion  beam  spot size  also  reduces  the  crossover  size
and spherical  aberrations  in the  secondary  ion  optics,  thereby  improving  secondary  ion transmission  at
mass  resolving  power  of  3000–12,000  by 25–80%  compared  to that  achieved  with  a  duoplasmatron.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Secondary ion mass spectrometry (SIMS) has become a widely
pplied technique for chemical and isotopic analysis of geological,
iological, and synthetic samples. For certain elements that more
eadily produce positive secondary ions (e.g., Mg,  Ca, Ti, Pb, U), an
lectronegative primary ion beam is required for higher ioniza-
ion yields. In all geochemical/cosmochemical SIMS laboratories,
n O− or O2

− beam generated by a hollow-cathode duoplasma-
ron is used. This type of oxygen ion source has been in use for
everal decades, but it nevertheless has several disadvantages com-
ared to a Cs+ gun, the most commonly used source on CAMECA
IMS instruments for generating electropositive primary ions. First,
he duoplasmatron has a lower beam brightness (expressed in

A cm−2 sr−1) and a larger energy spread (∼10–15 eV) than the
s+ source (∼1 eV for the energy spread) [1]. This results in lower

patial resolution (i.e., a larger spot size) for an oxygen primary
on beam compared to a Cs+ beam of the same beam intensity,
otentially limiting certain isotopic analyses requiring positive

∗ Corresponding author.
E-mail address: mcliu@ucla.edu (M.-C. Liu).

ttps://doi.org/10.1016/j.ijms.2017.11.007
387-3806/© 2017 Elsevier B.V. All rights reserved.
secondary ions. Second, the duoplasmatron generates ions in a low-
pressure (∼2 × 10−5 mbar) magnetically confined plasma and the
extracted primary ion beam current depends critically on many
parameters, such as gas pressure, position of the intermediate elec-
trode and the quality of Ni cathode. The resulting beam intensity
varies on a short term, typically ±1% over ten minutes, and can
vary much more significantly over hours to days depending on how
those parameters are optimized. Moreover, during the generation
of plasma, the cathode is subjected to corrosion, which leads to the
decreased beam stability and eventual failure of the duoplasmatron
after ∼200 h of use. Therefore, frequent maintenance of this source,
requiring instrument shutdown and partial venting, is necessary.

Recently, Oregon Physics, LLC developed a second-generation
radiofrequency (RF) plasma ion source for CAMECA SIMS instru-
ments (including the ims-series and the NanoSIMS), known as the
Hyperion-II. The imaging performance characteristics of an oxy-
gen beam from a Hyperion-II source mounted on a NanoSIMS 50L
have been recently reported [2]. With the Hyperion ion source,
16O− primary beam spot sizes as small as ∼40 nm could be real-
ized, comparable to the best focus achievable with a Cs+ beam on a

NanoSIMS.

On ion microscope (CAMECA IMS-series) SIMS instruments
(especially the ims1200 series), utilization of a primary ion beam

https://doi.org/10.1016/j.ijms.2017.11.007
http://www.sciencedirect.com/science/journal/13873806
http://www.elsevier.com/locate/ijms
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijms.2017.11.007&domain=pdf
mailto:mcliu@ucla.edu
https://doi.org/10.1016/j.ijms.2017.11.007
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Fig. 1. The mounting of the Hyperion-II source on the UCLA ims1290. Via a conflat
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ange (� = 11.2 cm), the source is directly mated to the PBMF to be better supported
y the structure.

ens of nm in diameter for ion imaging work is not common
ractice. Instead, high precision (defined as sub-permil for major
lements, and permil level for certain minor or trace elements)
sotopic analysis is often sought by isotope geochemists and cos-

ochemists. To obtain data at the desired precision, an 16O− beam
ntensity of at least ∼10–30 nA is typically required to generate suf-
cient secondary ion intensities for accurate current measurements
y Faraday cups [3–5] or to reach sufficient counting statistics for

on counting [6,7]. With a duoplasmatron, such currents result in
pot sizes in the range ∼15–50 �m,  significantly limiting spatial
esolution for many applications. Therefore, reducing the spot size
hile maintaining the same beam intensity would be a highly desir-

ble development.
The UCLA ims1290, installed and commissioned in late 2015,

s a CAMECA ims1280HR equipped with a Hyperion-II source. The
nstrument is the second large radius SIMS on which a Hyperion
ource has been mounted,1 however the configuration of the UCLA
ms1290 is unique. On the UCLA ims1290, the Hyperion-II source
eplaces the duoplasmatron, and is directly mated to the Primary
eam Mass Filter (PBMF) in place of the Cs source so that it can

e better supported by a custom-made structure (Fig. 1). The ion
ource incorporates an Einzel lens (Hyp-L1) and two  pairs of deflec-
ors (D1x and D1y), allowing for steering the primary beam in both

1 The first is at the National Institute of Standards and Technology.
ass Spectrometry 424 (2018) 1–9

X and Y directions before the Hyp-L1 lens and centering the beam in
the flight tube of the PBMF. One limitation of this mounting method
is that the D2 deflectors that were originally housed in the duoplas-
matron block are removed, making it difficult to center the primary
ion beam in the y-direction on lens L2. However, as shown in the
results section, the system has enough flexibility such that practical
effects on the beam density and performance are minimal.

The purpose of this study is to evaluate the beam character-
istics achievable with a Hyperion-II source mounted on the UCLA
ims1290 ion microprobe. We  document beam density, stability, and
minimum spot sizes that have been achieved for different analyti-
cal conditions. We  also illustrate the effects of analytical spot size
on transmission of secondary ions at high mass resolution, which
is important for many applications including Pb isotopic analyses
of zircon and other accessory minerals [8,9], and the applicability
of the high-density 16O− beam to small spot, high precision Mg
isotopic analysis, a system of great interest in cosmochemistry.

2. Experimental methods

2.1. Beam density assessment

In assessing beam density, it is necessary to measure the inten-
sity of ions delivered to the sample surface as a function of the
analytical spot size. We  measured diameters of critically focused
(Gaussian) 16O− beams of various intensities (0.05–70 nA) by using
secondary ion imaging. For ion beam currents ≤20 nA, spot sizes
were estimated by acquiring a series of scanning ion images on a
resolution standard. We  utilized the “CAMECA Si-Ta tuning sam-
ple”, a tantalum substrate with an image pattern formed by silicon
deposited on the surface. Since the spatial resolution in a scanning
ion image is limited by the primary beam size, one can directly
gauge the spot diameter by finding the minimum spacing between
Si bars that can be resolved in an ion image. A different method
must be employed for the large diameter ion beams, correspond-
ing to 45 nA and 70 nA with the Hyperion-II. For these high intensity
beams, spot sizes were estimated by rastering a 250 �m × 250 �m
square on an area with a sharp contrast in ion emission (a Si-Ta
interface), and then imaging in the inner 150 �m × 150 �m area.
The acquired ion image was analyzed by the off-line CAMECA Spot-
Shape program to obtain horizontal and vertical line profiles across
the image plane, from which one could determine the spot size
according to the distance between 16% and 84% of peak intensity.
In addition to 16O− primary ions, the spot size of a 5 nA 16O2

− beam
was also evaluated in the same way as for the low intensity (<20 nA)
16O− beams.

2.2. Relative transmission vs. mass resolution

To evaluate the relative secondary ion transmission at differ-
ent values of mass resolution, we rastered a 25 �m × 25 �m square
on a Si wafer with a 0.5 nA 16O− beam (� ∼ 1 �m).  Dynamic trans-
fer optics were set at 100% and a 150 �m contrast aperture was
used to limit the crossover and minimize secondary aberrations
due to ions emitted far from the optical axis. Intensities of 28Si+

at six mass resolution settings, M/�M  = 3000, 4000, 5000, 6000,
9000, and 12,000 (�M is defined as the width of the peak at 10%
height), were recorded by using the FC2 Faraday cup, and then were
normalized to the intensity measured with the entrance slit wide
open.
2.3. Lead sensitivity

Lead isotope sensitivity was  evaluated under the analytical con-
dition in which U-Pb or Pb–Pb dating of zircon would be performed
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Fig. 2. An ion probe crater sputtered with a 10 nA for 1 h to enhance the pit geometry.
The real spot size is around 4 × 3 �m,  consistent with the assessment by using ion
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Table 1
Current densities (mA cm−2) measured at different primary beam intensities (nA).

Primary beam current (nA) Spot area (�m2) Current density (mA cm−2)

0.05 <0.785 >6
0.1 <0.785 >13
0.2 <0.785 >26
0.5 ∼0.785 ∼63
1  ∼1.54 ∼65
10 ∼9.62 104
20 ∼19.63 102
45  ∼66 ∼68

applications. For a current of ∼10–30 nA typically required to per-
maging. The much larger spot size (∼15 × 10 �m)  on the surface is due to extended
puttering.

9]. A polished, epoxy-mounted 91500 zircon grain (Pb concen-
ration = 13.8 ppm) [10] was sputtered with a 10 nA 16O− beam
� ∼ 4 �m).  Secondary ion intensities of 206Pb+ were recorded with
r without oxygen flooding, and in the form of mass spectra at mass
06 to determine mass resolution (defined by peak width at 10%

ntensity).

.4. Magnesium isotope analysis

Magnesium isotopic measurements were performed by follow-
ng a method described previously [4] with slight modifications.

 suite of terrestrial standards (Burma spinel, San Carlos olivine,
an Carlos pyroxene, and an isotopically normal synthetic glass of
assaite composition known as “P0”) were analyzed under three
ifferent primary beam intensity settings: 5, 10 and 15 nA, to
hich the corresponding spot sizes are approximately 2, 3, and

 �m,  respectively. Fig. 2 shows an example of a crater made
ith a 10 nA beam sputtering for 1 h to enhance the pit geome-

ry. The beam came onto the sample surface at an angle, so that
he crater is asymmetrically conical in shape. The diameter of the
it at the bottom, representing the actual spot size, is approxi-
ately 4 × 3 �m,  consistent with that derived from ion imaging.

he larger diameter (∼15 × 10 �m)  on the surface is a result of
xtended sputtering. The pit depth is ∼6 �m, determined with a
icroXAM profilometer. With those intensities, the resulting sec-

ndary ion signals are intense enough to be measured by multiple
araday cups (FCs) simultaneously. In contrast, if one were to use
uch a small beam generated by a duoplasmatron for the same
nalysis, the secondary intensities would be too low for FCs and
ence would not yield high-precision results. The total analysis
ime per spot consists of 60 s of “pre-sputtering” to achieve sputter-
ng equilibrium and 50 s (5 s/cycle for 10 cycles) for data acquisition.
4Mg+, 25Mg+ and 26Mg+ were collected by using L2′ (1010 �),  C
1011 �),  and H1 (1011 �)  FC detectors, respectively. During pre-
puttering, the backgrounds of FCs, which only contributed <1% to
he total signals, were measured and corrected for in the data reduc-
ion. The mass resolution (M/�M)  was set at 2400 (corresponding
o the first exit slit on the multicollector array) to separate dou-
ly charged ion interferences (48Ca2+ and 48Ti2+) from the peaks
f interest. Although 24MgH+ was only partially resolved from

5Mg+ under such mass resolution, the vacuum condition (pres-
ure ≤1 × 10−9 Torr) in the analysis chamber made the hydride
ontribution negligible (<0.05‰).  The deviation of measured iso-
70 ∼96 ∼74
5  (O2

−) ∼15.9 31

topic ratios from the reference values (25Mg/24Mg  = 0.12663 and
26Mg/24Mg  = 0.13932 [11]) is expressed in delta-notation [12] as:

ıiMg  =
[ (

iMg/24Mg
)

m(
iMg/24Mg

)
ref

− 1

]
× 1000

where i = 25 or 26, and m stands for “measured”. The instrumental
mass fractionation factor �, derived from linear regression through
all data points in �25Mg–�26Mg  space, varies slightly with the pri-
mary beam intensity and spans between 0.510 and 0.514. This
range is comparable to those obtained on other ims1200 series
ion probes [4,5,13]. A main application of Mg  isotope analysis in
cosmochemistry is to understand the abundances of short-lived
26Al (t1/2 = 0.7 Myr) in the early Solar System objects through the
excess in its daughter isotope 26Mg  ( �26Mg*), i.e., the horizontal
deviation from the mass-dependent fractionation line. This quan-
tity can be calculated by following the equations recommended
in [12]: �26Mg*  = �26Mg  − [(1 + �25Mg/1000)1/� − 1] × 1000. A syn-
thetic glass of fassaite composition doped with a 10.3 permil excess
in 26Mg,  referred to as P10, was measured as an unknown to check
the accuracy of analysis.

3. Result and discussion

3.1. Ion imaging: spot size and beam density

The results of scanning ion imaging resolution tests as a function
of beam current are summarized in Fig. 3 and Table 1. The maximum
beam diameter on the sample surface can be estimated from the
resolution of the ion images. For example, with a 20 nA 16O− beam
the 5 �m gap between two horizontal Si bars is clearly resolved, but
is less obvious between vertical bars, indicating a spot comparable
to or slightly smaller than 5 �m.  This can be translated to a current
density of ∼100 mA cm−2, which is about 10 times better than the
CAMECA specification for a duoplasmatron generated 16O− beam
and consistent with our experience. The best current densities are
achieved for 16O− beams in the 10–20 nA range, although simi-
lar current densities (in the range of ∼70 mA  cm−2) are obtained
for other primary beam currents between 1 and 70 nA (Fig. 4). This
enhancement factor is lower than the ∼16 times improvement doc-
umented on the NanoSIMS [2], but the discrepancy could simply
reflect the difference in ion optics of the primary columns of ims
series and NanoSIMS ion probes, such as primary beam incidence
angle and distance between sample and objective lens, which are
designed to enhance beam focusing (and thus spatial resolution) in
the NanoSIMS.

The practical advantages of the Hyperion-II source can be appre-
ciated by considering common geochemical or cosmochemical
form high precision isotopic analysis for major elements using
multiple FCs (e.g., Mg  or Si isotopes) or for minor/trace elements
using EMs  (e.g., U-Pb dating), one is able to reduce the spot size
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Fig. 3. Scanning ion images of 28Si+ (or 30Si+) sputtered by 16O− beams of various intensities. The Si is deposited on a Ta substrate in a pattern with line spacing in micrometers
i age d
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ndicated by the adjacent numbers. Because lateral resolution of a scanning ion im
arious primary beam intensities by the minimum line spacing that can be resolved

 �m.

rom 25–50 �m to only a few �m,  allowing for measurements at
uch finer spatial scale without sacrificing any analytical precision.
iewed in another way, for a given spot size, ion intensities can
e increased by around a factor of 100. While the ionization yields
emain unchanged, data acquisition rates are enhanced by the same
actor. This is crucial for measurements that are not sample-limited
ut instead require high secondary ion signals on all isotopes for
imultaneous collection by using multiple FCs. In addition, analy-
is time required to achieve a given precision can be significantly
educed, improving sample throughput.

The 5 nA 16O2
− beam tested here has around 5 �m spatial res-

lution, equivalent to having a current density of ∼25 mA  cm−2,
hich is comparable to the CAMECA specification of >20 mA  cm−2

or the Hyperion source and 6 times higher than the duoplasma-
ron value of 4 mA  cm−2. Although an 16O2

− beam is not often used

or quantitative isotope analysis, it is nevertheless very useful for
epth profiling because it improves depth resolution by reducing
he implantation depth for a given impact energy of the primary ion
eam. The 16O2

− ion beam also yields a higher secondary ion sen-
epends primarily on beam size, the maximum beam diameter can be estimated at
 image. In the 100 pA and 50 pA images, the “10” in the image should read “1.0”, i.e.,

sitivity (cps/ppm/nA) for Pb+ than does 16O− because of increased
oxygen in the sputtering volume [9] (e.g., 16O2

− and 16O− beams
result in Pb sensitivity with oxygen flooding of ∼21 cps/ppm/nA and
∼13 cps/ppm/nA, respectively [14]), On the other hand, at a given
current an O2

− primary beam is ∼2 times larger in diameter than an
16O− beam, making it less suitable for some measurements which
require very high spatial resolution. Still, the size of a Hyperion
16O2

− beam is ∼1.5–2.5 times smaller than an equivalent intensity
16O2

− or 16O− beam generated by the duoplasmatron. With such an
improvement in beam density delivered by the Hyperion-II source
relative to the duoplasmatron, it can be expected that an 16O2

−

beam will be used more often for quantitative isotope analysis.

3.2. Relative transmission at different mass resolution
The relative secondary ion transmission (in percent) as a func-
tion of mass resolution is shown in Fig. 5; also shown are data
reported for the UCLA ims1270 as measured with the duoplasma-
tron [15]. It can be seen that the relative transmission at any mass
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Fig. 4. The current density plot. Filled circles are 16O− beams at different intensi-
ties; the filled square is a 5 nA 16O2

− beam. The black and gray solid lines represent
the CAMECA-guaranteed 16O− current densities of 100 mA cm−2 and 10 mA  cm−2,
respectively, for the Hyperion and duoplasmatron (Peres 2017, pers. comm.). The
dashed lines are 10 mA cm−2 and 4 mA cm−2 for the Hyperion (solid) and duoplas-
matron (dashed) 16O2

− beams.

Fig. 5. Relative transmission at different mass resolution. See text for analytical
c
t

r
i
a
s
t
b
r
t
p
m
a
m
i
q
t
a
t

reproducibility of �25Mg  and �25Mg  is ∼0.1–0.2‰ and ∼0.3‰ (2�),
ondition. The plot clearly shows that the Hyperion-equipped ims1290 surpasses
he conventional ims1270 in relative secondary ion transmission by 25–80%.

esolution on the IMS-1290 using the Hyperion source is signif-
cantly improved over the ims1270 by 25–80%, even though the
ccelerating voltage and transfer optics of both instruments where
et to the same nominal values. The main difference, of course, is
hat the Hyperion source produces a significantly smaller primary
eam spot which results in a smaller crossover size and less aber-
ation due to ions emitted far from the optical axis. The result is
hat the image of the entrance slit is better focused at the exit slit
lane, and thus the entrance slit can be opened wider while still
aintaining the same mass resolving power. This is an important

dvancement for any isotopic measurement that requires inter-
ediate to high mass resolution, for example, Ti or Ca isotopes

n meteoritic inclusions where M/�M  = 12,000 is needed to ade-
uately separate the isobars 48Ti and 48Ca [3,16]. It is worth noting

hat had these measurements been performed on the ims1290 with

 duoplasmatron beam, one would expect results comparable to
hose obtained on the ims1270.
Fig. 6. Pb sensitivity characterized under the condition where U-Pb or Pb–Pb dating
would be performed.

3.3. Lead sensitivity

The results of Pb sensitivity tests are shown in Fig. 6. A 10 nA pri-
mary beam bombarding a 91500 zircon standard and a secondary
ion tuning condition corresponding to mass resolution (M/�M)
of ∼5800 result in a 206Pb+ count rate of 860 s−1 and 2030 s−1,
respectively, for analysis without and with oxygen flooding. This
translates to 6.3 cps/ppm/nA and 14.7 cps/ppm/nA respectively.
Although these values are comparable to those acquired by using
a duoplasmatron on other ims1200 series ion microprobes [9,14],
the fact that one could achieve higher sensitivity per unit area (e.g.,
1.17 cps/ppm/nA/�m2 and 0.03 cps/ppm/nA/�m2 for Hyperion and
duoplasmatron, respectively) in Pb isotopes with the Hyperion
source makes possible significantly higher lateral resolution (at a
few �m level), high precision zircon geochronology.

3.4. Mg isotopes: high precision, high reproducibility and high
accuracy

Results of Mg  isotopic analyses on a suite of standards measured
at different spot sizes with the Hyperion source are shown in Fig. 7
and Table 2. Over the course of this analysis session, the external
respectively, on all the standards, regardless of the primary beam
intensities. The instrumental-fractionation-corrected �26Mg*  val-
ues for all isotopically normal standards average −0.03‰, 0.02‰
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Table 2
Mg isotope data of standards measured with different beam intensities (5 nA, 10 nA and 15 nA).

Ip 24Mg  (cps) �25Mg ±2� �26Mg ±2� �26Mg*  ±2�

Bsp 5nA@1 5.25 1.21E + 08 −1.43 0.11 −2.61 0.13 0.07 0.24
Bsp 5nA@2. 5.25 1.21E + 08 −1.53 0.08 −2.83 0.18 0.07 0.23
Bsp  5nA@3 5.26 1.22E + 08 −1.57 0.10 −2.89 0.11 0.07 0.23
Bsp  5nA@4 5.24 1.21E + 08 −1.57 0.12 −3.02 0.09 −0.05 0.24
Bsp  5nA@5 5.24 1.20E + 08 −1.44 0.16 −2.85 0.18 −0.14 0.35
Bsp  5nA@6 5.25 1.20E + 08 −1.28 0.08 −2.62 0.16 −0.23 0.22
Bsp  5nA@7 5.24 1.21E + 08 −1.42 0.12 −2.71 0.17 −0.05 0.29
Bsp 5nA@8 5.25 1.21E + 08 −1.40 0.14 −2.52 0.19 0.11 0.33
Bsp 5nA@9 5.26 1.20E + 08 −1.38 0.11 −2.57 0.16 0.02 0.26
Bsp  5nA@10 5.26 1.20E + 08 −1.56 0.13 −2.77 0.17 0.18 0.31
Scoliv 5nA@1 5.26 2.70E + 08 −0.11 0.10 −0.16 0.15 −0.06 0.24
Scoliv 5nA@2 5.24 2.71E + 08 −0.22 0.11 −0.31 0.19 0.00 0.28
Scoliv 5nA@3 5.26 2.70E + 08 −0.21 0.10 −0.31 0.17 −0.02 0.26
Scoliv 5nA@4 5.25 2.70E + 08 −0.23 0.13 −0.32 0.20 0.00 0.31
Scoliv 5nA@5 5.26 2.70E + 08 −0.21 0.12 −0.28 0.19 0.02 0.30
Scoliv 5nA@6 5.25 2.67E + 08 −0.04 0.10 0.04 0.21 0.00 0.28
Scoliv 5nA@7 5.25 2.69E + 08 −0.23 0.14 −0.31 0.19 0.03 0.33
Scoliv 5nA@8 5.25 2.68E + 08 −0.10 0.11 0.03 0.19 0.10 0.29
Scoliv 5nA@9 5.25 2.70E + 08 −0.12 0.10 −0.25 0.16 −0.13 0.26
Scoliv 5nA@10 5.25 2.70E + 08 −0.27 0.10 −0.42 0.17 0.00 0.25
SCpx  5nA@1 5.25 2.12E + 08 3.78 0.11 7.52 0.17 −0.02 0.27
SCpx  5nA@2 5.25 2.14E + 08 3.76 0.09 7.42 0.18 −0.06 0.26
SCpx  5nA@3 5.26 2.12E + 08 3.78 0.08 7.63 0.18 0.09 0.24
SCpx  5nA@4 5.26 2.13E + 08 3.65 0.12 7.33 0.15 0.05 0.28
SCpx 5nA@5 5.25 2.13E + 08 3.78 0.11 7.51 0.14 −0.03 0.26
SCpx  5nA@6 5.26 2.12E + 08 3.81 0.09 7.73 0.22 0.13 0.28
SCpx  5nA@7 5.25 2.11E + 08 3.81 0.09 7.60 0.18 0.01 0.24
SCpx  5nA@8 5.25 2.11E + 08 3.77 0.07 7.51 0.18 −0.01 0.22
SCpx  5nA@9 5.26 2.11E + 08 3.87 0.11 7.56 0.13 −0.14 0.25
SCpx 5nA@10 5.27 2.10E + 08 3.90 0.09 7.78 0.18 0.01 0.24
P10  5nA@1 5.26 4.91E + 07 1.70 0.24 13.98 0.27 10.53 0.53
P10 5nA@2 5.26 4.93E + 07 1.60 0.20 13.78 0.21 10.53 0.44
P10  5nA@3 5.26 4.92E + 07 1.65 0.13 13.92 0.26 10.57 0.36
P10  5nA@4 5.27 4.97E + 07 1.73 0.22 13.79 0.30 10.28 0.52
P10  5nA@5 5.27 4.84E + 07 1.70 0.19 13.89 0.27 10.44 0.45
P10  5nA@6 5.27 4.88E + 07 1.74 0.19 13.57 0.27 10.03 0.45
P10 5nA@7 5.26 4.95E + 07 1.68 0.25 14.11 0.24 10.69 0.53
P10  5nA@8 5.26 4.94E + 07 1.61 0.19 13.52 0.22 10.25 0.42
P10  5nA@9 5.26 4.95E + 07 1.67 0.16 13.95 0.28 10.56 0.42
P10  5nA@10 5.27 4.97E + 07 1.61 0.20 13.67 0.18 10.41 0.43
P0  5nA@1 5.27 4.60E + 07 1.98 0.17 3.66 0.30 −0.35 0.44
P0  5nA@2 5.27 4.63E + 07 1.82 0.22 3.52 0.36 −0.16 0.56
P0  5nA@3 5.27 4.63E + 07 1.85 0.24 3.41 0.32 −0.33 0.56
P0 5nA@4 5.25 4.63E + 07 1.55 0.19 3.30 0.27 0.14 0.46
P0  5nA@5 5.26 4.68E + 07 1.83 0.20 2.99 0.34 −0.72 0.51
P0  5nA@6 5.26 4.60E + 07 1.68 0.28 3.69 0.17 0.28 0.57
P0  5nA@7 5.27 4.59E + 07 1.75 0.17 3.75 0.30 0.20 0.44
P0  5nA@8 5.25 4.59E + 07 1.87 0.17 3.62 0.24 −0.17 0.41
P0  5nA@9 5.26 4.59E + 07 1.83 0.18 3.42 0.32 −0.28 0.47
P0  5nA@10 5.25 4.53E + 07 1.92 0.16 3.95 0.35 0.06 0.46
Bsp  10nA@1 10.29 242777700 −1.86 0.07 −3.54 0.10 −0.04 0.16
Bsp  10nA@2 10.35 2.47E + 08 −1.97 0.11 −3.74 0.09 −0.02 0.24
Bsp  10nA@3 10.35 2.46E + 08 −1.97 0.05 −3.65 0.09 0.07 0.14
Bsp  10nA@4 10.33 2.42E + 08 −1.72 0.09 −3.37 0.12 −0.14 0.21
Bsp  10nA@5 10.34 2.42E + 08 −1.68 0.09 −3.09 0.13 0.06 0.22
Bsp  10nA@6 10.35 2.41E + 08 −1.77 0.05 −3.29 0.12 0.03 0.16
Bsp  10nA@7 10.37 2.44E + 08 −1.75 0.09 −3.26 0.11 0.03 0.21
Bsp  10nA@8 10.39 2.42E + 08 −1.87 0.10 −3.59 0.09 −0.07 0.21
Bsp  10nA@9 10.39 2.41E + 08 −1.68 0.06 −3.07 0.08 0.08 0.14
Bsp  10nA@10 10.38 2.40E + 08 −1.70 0.07 −3.08 0.12 0.12 0.19
SColiv 10nA@1 10.39 5.55E + 08 −0.59 0.07 −1.03 0.14 −0.02 0.20
SColiv 10nA@2 10.41 5.55E + 08 −0.44 0.10 −0.79 0.14 −0.06 0.24
SColiv 10nA@3 10.39 5.53E + 08 −0.38 0.09 −0.65 0.10 −0.04 0.19
SColiv 10nA@4 10.38 5.48E + 08 −0.47 0.09 −0.87 0.11 −0.08 0.21
SColiv 10nA@5 10.33 5.48E + 08 −0.41 0.09 −0.68 0.14 −0.01 0.21
SColiv 10nA@6 10.32 5.49E + 08 −0.54 0.08 −0.83 0.15 0.08 0.22
SColiv 10nA@7 10.34 5.56E + 08 −0.73 0.07 −1.29 0.11 −0.01 0.17
SColiv 10nA@8 10.35 5.49E + 08 −0.50 0.04 −0.81 0.11 0.03 0.14
SColiv 10nA@9 10.38 5.52E + 08 −0.54 0.08 −0.96 0.15 −0.04 0.21
SColiv 10nA@10 10.40 5.52E + 08 −0.54 0.07 −0.94 0.14 −0.01 0.20
SCpx 10nA@1 10.39 4.34E + 08 3.40 0.09 6.84 0.14 0.05 0.22
SCpx  10nA@2 10.38 4.32E + 08 3.50 0.07 7.03 0.15 0.04 0.20
SCpx  10nA@3 10.40 4.33E + 08 3.50 0.07 7.02 0.14 0.03 0.20
SCpx  10nA@4 10.39 4.35E + 08 3.41 0.06 6.83 0.14 0.01 0.19
SCpx  10nA@5 10.39 4.35E + 08 3.49 0.07 6.87 0.11 −0.09 0.17
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Table  2 (Continued)

Ip 24Mg  (cps) �25Mg ±2� �26Mg ±2� �26Mg*  ±2�

SCpx 10nA@6 10.40 4.34E + 08 3.37 0.07 6.77 0.14 0.05 0.19
SCpx  10nA@7 10.39 4.36E + 08 3.40 0.06 6.82 0.13 0.02 0.17
SCpx 10nA@8 10.38 4.33E + 08 3.50 0.07 7.03 0.11 0.04 0.18
SCpx  10nA@9 10.39 4.36E + 08 3.41 0.10 6.67 0.11 −0.14 0.22
SCpx  10nA@10 10.40 4.38E + 08 3.25 0.08 6.53 0.13 0.02 0.21
P10  10nA@1 10.38 1.01E + 08 1.43 0.12 13.11 0.17 10.17 0.29
P10  10nA@2 10.41 9.96E + 07 1.46 0.16 13.21 0.22 10.23 0.38
P10  10nA@3 10.41 9.96E + 07 1.44 0.08 13.31 0.21 10.35 0.26
P10 10nA@4 10.41 1.00E + 08 1.37 0.13 13.07 0.18 10.26 0.30
P10 10nA@5 10.38 1.00E + 08 1.34 0.14 13.23 0.14 10.46 0.29
P10  10nA@6 10.40 9.98E + 07 1.55 0.15 13.20 0.15 10.03 0.33
P10  10nA@7 10.40 9.97E + 07 1.44 0.08 13.33 0.17 10.37 0.23
P10  10nA@8 10.41 1.00E + 08 1.40 0.12 13.06 0.08 10.17 0.25
P10  10nA@9 10.39 1.00E + 08 1.41 0.14 13.24 0.11 10.34 0.29
P10 10nA@10 10.39 1.01E + 08 1.53 0.08 13.07 0.10 9.94 0.19
P0  10nA@1 10.41 9.31E + 07 1.54 0.09 3.31 0.12 0.16 0.21
P0  10nA@2 10.40 9.38E + 07 1.53 0.12 3.20 0.14 0.07 0.27
P0  10nA@3 10.38 9.32E + 07 1.56 0.15 3.01 0.21 −0.19 0.36
P0 10nA@4 10.41 9.38E + 07 1.38 0.09 2.85 0.16 0.00 0.23
P0  10nA@5 10.39 9.43E + 07 1.39 0.16 2.98 0.14 0.13 0.34
P0  10nA@6 10.37 9.45E + 07 1.42 0.13 2.84 0.19 −0.08 0.31
P0  10nA@7 10.39 9.64E + 07 1.16 0.10 2.63 0.17 0.23 0.25
P0  10nA@8 10.40 9.50E + 07 1.39 0.09 3.10 0.15 0.24 0.23
P0  10nA@9 10.40 9.58E + 07 1.40 0.11 2.74 0.17 −0.14 0.28
P0  10nA@10 10.42 9.62E + 07 1.22 0.09 2.75 0.16 0.22 0.23
Bsp 15nA@1 14.97 3.45E + 08 −2.14 0.05 −3.90 0.08 0.11 0.13
Bsp  15nA@2 14.96 3.47E + 08 −2.01 0.05 −3.69 0.14 0.08 0.17
Bsp  15nA@3 14.98 3.46E + 08 −2.07 0.08 −3.94 0.15 −0.07 0.21
Bsp  15nA@4 14.99 3.47E + 08 −1.99 0.12 −3.80 0.09 −0.07 0.24
Bsp  15nA@5 14.99 3.48E + 08 −1.93 0.08 −3.62 0.10 −0.01 0.19
Bsp 15nA@6 14.98 3.50E + 08 −1.84 0.07 −3.36 0.09 0.06 0.16
Bsp  15nA@7 14.97 3.51E + 08 −2.06 0.06 −3.81 0.10 0.06 0.15
Bsp 15nA@8 15.00 3.49E + 08 −1.92 0.06 −3.55 0.10 0.03 0.16
Bsp  15nA@9 14.98 3.50E + 08 −1.78 0.05 −3.35 0.13 −0.04 0.16
Bsp  15nA@10 14.97 3.35E + 08 −1.65 0.07 −3.06 0.13 0.00 0.19
Scoliv  15nA@1 14.97 7.90E + 08 −0.34 0.10 −0.54 0.17 −0.03 0.27
Scoliv  15nA@2 15.01 7.79E + 08 −0.30 0.09 −0.47 0.14 −0.05 0.23
Scoliv 15nA@3 14.98 7.64E + 08 −0.20 0.07 −0.21 0.15 0.02 0.21
Scoliv  15nA@4 14.94 7.89E + 08 −0.38 0.08 −0.58 0.13 0.00 0.20
Scoliv  15nA@5 14.94 7.82E + 08 −0.40 0.11 −0.67 0.17 −0.05 0.28
Scoliv  15nA@6 14.96 7.86E + 08 −0.46 0.09 −0.74 0.13 −0.01 0.22
Scoliv  15nA@7 14.93 7.74E + 08 −0.28 0.07 −0.41 0.17 −0.02 0.22
Scoliv  15nA@8 14.97 7.86E + 08 −0.40 0.09 −0.71 0.16 −0.07 0.24
Scoliv  15nA@9 14.99 7.92E + 08 −0.46 0.08 −0.78 0.15 −0.03 0.22
Scoliv 15nA@10 14.89 7.80E + 08 −0.47 0.10 −0.78 0.15 −0.01 0.24
SCpx  15nA@1 14.84 6.17E + 08 3.42 0.08 6.82 0.14 −0.01 0.21
SCpx  15nA@2 14.87 6.19E + 08 3.41 0.09 6.81 0.16 0.00 0.23
SCpx  15nA@3 14.88 6.21E + 08 3.44 0.07 6.83 0.17 −0.03 0.22
SCpx  15nA@4 14.85 6.22E + 08 3.43 0.10 6.94 0.17 0.10 0.26
SCpx  15nA@5 14.87 6.32E + 08 3.38 0.09 6.65 0.13 −0.09 0.22
SCpx  15nA@6 14.85 6.25E + 08 3.35 0.08 6.73 0.13 0.04 0.20
SCpx  15nA@7 14.87 6.21E + 08 3.46 0.07 6.93 0.13 0.03 0.19
SCpx  15nA@8 14.88 6.15E + 08 3.61 0.09 7.17 0.14 −0.02 0.23
SCpx  15nA@9 14.87 6.20E + 08 3.47 0.09 6.87 0.17 −0.06 0.25
SCpx  15nA@10 14.86 5.88E + 08 3.46 0.07 6.93 0.17 0.04 0.22
P10  15nA@1 14.87 1.39E + 08 1.59 0.10 13.71 0.15 10.46 0.24
P10  15nA@2 14.84 1.39E + 08 1.52 0.11 13.44 0.08 10.33 0.23
P10  15nA@3 14.81 1.40E + 08 1.40 0.11 13.47 0.19 10.60 0.29
P10  15nA@4 14.82 1.41E + 08 1.32 0.08 13.24 0.19 10.50 0.25
P10  15nA@5 14.81 1.39E + 08 1.39 0.08 13.30 0.12 10.44 0.19
P10  15nA@6 14.84 1.40E + 08 1.40 0.08 13.24 0.18 10.35 0.24
P0  15nA@1 15.13 1.33E + 08 1.37 0.13 2.96 0.16 0.13 0.30
P0  15nA@2 15.12 1.33E + 08 1.60 0.08 3.26 0.11 −0.02 0.19
P0  15nA@3 15.11 1.34E + 08 1.40 0.11 2.97 0.15 0.08 0.25
P0  15nA@4 15.11 1.35E + 08 1.59 0.12 3.06 0.14 −0.19 0.28
P0  15nA@5 15.11 1.35E + 08 1.48 0.15 2.95 0.13 −0.09 0.32
P0  15nA@6 15.11 1.36E + 08 1.40 0.13 2.90 0.15 0.02 0.29
P0  15nA@7 15.12 1.35E + 08 1.40 0.08 2.93 0.15 0.04 0.22
P0  15nA@8 15.12 1.35E + 08 1.37 0.08 2.69 0.14 −0.13 0.21
P0  15nA@9 15.12 1.36E + 08 1.34 0.14 2.91 0.10 0.15 0.29
P0  15nA@10 15.14 1.37E + 08 1.35 0.12 2.80 0.17 0.01 0.30
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Fig. 7. Magnesium isotopic measurements conducted by using a 5, 10, and 15 nA
primary beam demonstrate high precision and high reproducibility. The spot size at
each intensity can be seen in Fig. 2. See text for detailed explanation.
ass Spectrometry 424 (2018) 1–9

and 0‰, for 5, 10 and 15 nA, respectively, and the associated
standard deviation (0.35‰, 0.19‰,  and 0.13‰,  all 2�) reduces as
the primary beam current increases. This level of reproducibility
is comparable to those obtained on similar ion probes by using
∼15–25 nA (� ∼ 20–25 �m)  duoplasmatron beams [4,5,13]. Mea-
surements of the P10 glass yield a ∼10.23–10.43‰ excess in 26Mg
with external reproducibility ∼0.2–0.3‰ (2�),  indicating excel-
lent accuracy. The test demonstrates that the Hyperion source can
deliver sufficient current into a small spot size for applications
requiring both high precision, high accuracy isotopic measure-
ments and high spatial resolution. Finally, an important observation
in this exercise is that the primary beam intensity fluctuated by
∼0.5% over 30 min, and by ∼1% over the course of Mg  isotopic
analyses (∼7 h); such stability is not generally observed with the
duoplasmatron and would be highly desirable for long depth profile
analyses where a constant erosion rate is useful.

4. Conclusion

The new RF plasma oxygen primary ion source provides a
primary beam with current density ∼10 times higher than the
standard duoplasmatron does on a CAMECA ims1280HR ion micro-
probe. This improvement translates to higher spatial resolution
at a given primary beam intensity, making it possible to perform
isotopic analysis at smaller scale while maintaining analytical pre-
cision. Our evaluation of relative secondary ion transmission at
different mass resolution settings shows a significant improvement
over an instrument equipped with a duoplasmatron, demonstrat-
ing that the Hyperion-II source is also beneficial to measurements
that require very high mass resolution. Finally, we  show in this
contribution that high precision, high accuracy Mg isotopic anal-
ysis can be realized with a spot size at least 2 times smaller than
those used before.
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