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A secondary jon source has been developed for an organic ion microprobe capable of
imaging samples up to 2 cm in diameter. The source uses a focused 5 keV Cs* jon beam
which is rastered across the sample surface, and secondary ions from each point on the
sample are collected and formed into a low energy beam to be analyzed by a quadrupole
mass filter. Dynamic emittance matching is employed to deflect ions from off-axis points on
the sample back onto the mass analyzer axis. Rastering and dynamic emittance matchin,
are rapidly controlled by assembly language programs using an IBM/AT (80286) type
computer. A low energy ion monitor was used to tune and evaluate the secondary ion
source by providing a magnified cross-sectional image of the ion beam at the source exit
aperture. A well-focused and centered secondary ion beam was cbtained from each point
on the sample, indicating that large-scale dynamic emittance matching with high collection
efficiency is possible. Mass resolved images of grids and glycerol samples are shown to
demonstrate the performance of the integrated secondary ion source mass analyzer and
control system. (j Am Soc Mass Spectrom 1991, 2, 362-371)

organic compounds often contain pseudomolec-
ular ions characteristic of the organic sample,
particularly when SIMS spectra are obtained under
conditions of low primary ion dose (< 10 primary
ions/cm?), so-called static SIMS conditions [1, 2]. This
observation leads to the notion that an organic ion
microprobe could be developed that would be capable
of determining the spatial distribution of organic com-
pounds in various matrices, particularly biological tis-
sue. By using microprobes primarily designed for
inorganic samples, and under conditions of high pri-
mary dose, or “‘dynamic SIMS’" conditions, others
have reported obtaining spatial distributions of or-
ganic compounds in various matrices {3], chromato-
graphic media [4), and deposited neat on metal grids
[5] and under grids [6]. As discussed below, these
results suggest that performance criteria for a micro-
probe for biomedical applications are different from
those for microprobes designed for inorganic analysis,
and organic analysis in other matrices. Because very
little is known about sample preparation, ion yields
from biological tissue, etc., our philosophy in design-
ing a microprobe for biomedical applications has been
to strive for high sensitivity through high secondary
ion transmission and relaxed spatial resolution re-
quirements.
Spatial resolution of secondary ion microprobes is

Secondary ion mass spectra (SIMS spectra) of
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wholly determined by the parameters of the primary
ion beam: the size of the primary spot focused onto
the sample and the ability to move precisely that spot
to various positions on the sample. By using liquid
metal ion guns, which are capable of producing pri-
mary ion spots as small as 20 nm, distributions of
14CN in labeled chromosomes have been determined
with submicron spatial resolution [7]. A consequence
of restricting the primary dose to below 10™ jions/cm?,
however, is low count rate and poor contrast. For the
general problem of determining spatial distributions
of organic compounds in biological tissue, it is unrea-
sonable to believe that useful spatial resolution of 20
nm can be obtained. There are three reasons for this
pessimism. First, organic compounds, which com-
prise the bulk of dried protoplasm, suffer significant
damage from the primary ion beam used to create the
secondary ions used for analysis [6]. With neat sam-
ples under dynamic SIMS conditions, there is an
exponential decrease of characteristic ion intensity
with time and primary dose, and a corresponding
increase in intensity of ions that are nof analyte-
specific [5]. To avoid obtaining data from regions that
have been altered by damage, only a small fraction of
each resolution element can actually be sampled. Sec-
ond, toxins, drugs, and their metabolites are often
biologically active at concentrations below 100 ppm.
At 100 ppm, the probability that a targeted analyte
molecule can be ionized, mass resolved, and detected
from a 1-um square resolution element becomes van-
ishingly low: only 100 target molecules would exist in
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the resolution element. Third, there is, as yet, no
established method of sample preparation that is
known to enhance secondary ion emission from a
matrix like biological tissue. At least until such meth-
ods are developed, it is reasonable to design the
microprobe such that even samples that do not yield a
significant secondary ion current can be analyzed.
Once even a weak signal is obtained, it can be used to
test and optimize any method subsequently devel-
oped to improve secondary ion yield. In short, while
ion optics can be designed for maximum transmis-
sion, which is one of the usual goals in mass spec-
trometer design, establishing a large resolution ele-
ment is a design specification of the work here.

The problem with employing a large spatial resolu-
tion element is that the sample must be correspond-
ingly large. For example, to generate an image con-
sisting of 100 x 100 picture elements or pixels, each
representing an area on the sampie of 100-um square,
the sample would need to be at least 1 cm?. For high
transmission and good mass resolution, aperture re-
quirements for quadrupole mass filters are roughly
+100 um and 1° divergence [8]. Thus, the field of
view of the microprobe may be approximately two
orders of magnitude larger than the acceptance aper-
ture of a quadrupie mass filter. This means that only
secondary ions from a small region of the sample can
be transmitted through a quadrupole mass filter. There
is no point in sacrificing spatial resolution for sensitiv-
ity if that gain in sensitivity is lost as a result of
decreased transmission through the quadrupole mass
filter.

A solution to problems of this type [9] was first
demonstrated by Liebl [10] and termed dynamic emit-
tance matching (DEM). The technique is based on the
observation that with microprobes, at any given time,
secondary ions are emitted from only a small area of
the target, namely the position of the primary ion
spot. Thus, it is only from that exact spot that ions
need to be transmitted into the mass analyzer. By
linking deflector potentials in the secondary ion source
to the rastering deflector potentials of the primary ion
gun, fields of view as large as 0.5 mm have been
demonstrated.

For very large samples, the DEM approach must be
extended. The capability for using nonlinear relation-
ships between primary and secondary ion deflection,
and the capability for secondary source refocusing are
necessary for larger fields of view, such as 2-em in
diameter. For such large primary ion displacement
corrections must be performed by computer and done
rapidly; if only 1 sec were required to retune the
instrument for each point on a 100 x 100 array, al-
most 3 hr would be required to acquire an image. In
short, the instrument must be self-tuning.

In this article we describe the design and testing of
an organic ion microprobe designed to determine the
spatial distributions of organic compounds in biologi-
cal tissue samples. Because the microprobe source is
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the single most important component of the instru-
ment, its performance is first evaluated by its ion
optical behavior, and then as part of the integrated
instrument under computer control. We have devel-
oped a special low energy monitor [11] that can be
used to evaluate the ion optical behavior, and can use
the well-known behavior of glycerol [12] and its solu-
tions to show the capabilities of the integrated sys-
tem.

System Components

Figure 1 is a schematic diagram of the instrument.
The major components of the system include the
cesium primary ion gun, the sample introduction sys-
tem and target, the secondary ion source, quadrupole
mass filter, detector, and computer system. Orienta-
tion of the primary ion gun is 45° to the target
normal, and the mean ion axis of secondary ion source
and quadrupole mass filters is normal to the target
surface. Primary ion raster is controlled by the com-
puter via two 12-bit digital-to-analog (D/A) convert-
ers. Similarly, control of deflector plates of the sec-
ondary ion source for DEM is by a second pair of
12-bit D/A converters. Mass selection of the
quadrupole mass filters proceeds from the computer
via 16-bit D/A converter to the radiofrequency oscilla-
tor/DC power supply to the 3/8-in. quadrupole mass
filter rods. Analog detection of secondary ion current
is by a high voltage conversion dynode-continuous
dynode electron multiplier-preamplifier system whose
output is fed to a 12-bit analog-to-digital (A/D) con-
verter and thence to the computer.

The vacuum system consists of a 6-in. radius stain-
less steel sphere with various ports that employ high
vacuum flanges. The sample handler, which is com-
mercially available (GATAN, Inc., Pleasanton, CA),
allows introduction of up to eight samples simultane-
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Figure 1. Schematic diagram of organic secondary ion micro-
probe.
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ously, and permits translational adjustment in three
axes and rotational adjustment about the main axis of
the handler. Pumping of the entire system is by a
Balzers Model 510 Turbomolecular Pump (Balzers Ak-
tiengesellschaft, Lichtenstein). With organic samples,
operating pressure is ca. 107° torr; pressures below
107 torr have been achieved with inorganic samples.
The quadrupole mass filter and detector assembly are
mounted in their own vacuum housings, and can be
attached in modular fashion, via common 6-in. diame-
ter vacuum flanges.

Primary ion source. The primary ion source is com-
prised of a condenser or ion gun and an objective.
The ion gun, obtained commercially (Phrasor Scien-
tific, Duarte, CA) is a tetrode source, consisting of a
thermionic Cs* source, extraction, focus, and ground
electrode system. The principal features of this gun
include its ability to generate a 3-mmm diameter
monoenergetic beam of up to 22 keV Cs* ions with a
current density of 1-10 uA/cm? at any distance from
the source. For the experiments described here, Cs*
kinetic energy was limited to 5 keV so as to be
compatible with the electrostatic focusing capabilities
of the objective lens.

The objective consists of a three-element einzel
lens and raster plates. At a working distance of 2.5
cm, primary ion spot size of 10 um can reportedly be
achieved. By using a stainless steel grid of known
wire diameter and spacing as a target, and comparing
the known ratio of these dimensions to the ratio
observed in the secondary ion image, the spot size of
the beam could be determined. Under the conditions
employed here, 45° primary ion incidence and 6-cm
working distance, a spot size of about 100 um was
indicated. A large working distance is necessary for a
large raster of the primary ion beam across the sam-
ple, but this capability comes at the expense of spatial
resolution.

For the experiment reported here, unless otherwise
specified, a primary ion current of 100 pA and current
density of 1 yuA/cm? was employed. These parame-
ters were measured with a shielded Faraday cup and
picoammeter that could be inserted in the position
normally occupied by the sample.

Secondary ion source. The secondary extraction and
deceleration lens system was designed to have ex-
tremely high collection efficiency for eorganic sec-
ondary ions, which typically are emitted in a cosine
distribution with energies of a few electronvolts or
less. The secondary ion beam formed from ions sput-
tered at each point on the sample, exits the source
along the quadrupole mean ion axis with minimum
angular divergence so as to enhance transmission
through the quadrupole mass filter. Kinetic energy of
the exiting beam can be varied between 5 and 50 eV.
The sample was held at ground potential for the
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experiments reported here, but a potential up to 200 V
can be applied to it.

Major ion optical features of the cylindrically sym-
metric source are shown in Figure 2, which was pre-
pared by using the optical program SIMION [13]. The
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Figure 2. Schematic of secondary ion source with ray tracing
calculations from SIMION. Elements are indicated as: A =
target/sample; B = Wehnelt; C = extraction focus; D =
extraction; E-G = deceleration lens; H = exit aperture; 1=
deflectors. Calculations indicate a magnification of —25 for
small displacements from the lens axis.
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source is a result of integration of a number of dis-
crete ion optical elements. The Wehnelt {14] dnd ex-
traction cone serve to modify the field at the periph-
ery of the target so that secondary ions are forced
toward the mean ion axis. The high voltage (400 V)
acceleration element is efficient in keeping secondary
ions near the mean ion axis, but the ions must be
decelerated by the exponential field of the three-ele-
ment deceleration lens to 5 eV or so for entrance to
the quadrupole mass filter. The location of the deflec-
tors is such that all ions, regardless of origin, tend to
cross the mean ion axis at the location of the deflec-
tors; the mean voltage applied to the deflectors is that
of the acceleration element (—400 V). For DEM, the
fact that ions are at the mean ion axis at the point of
deflection means that only the direction of the beam
needs to be corrected, not the beam’s displacement.

Trajectories shown in Figure 2 represent 1-eV ions
emitted from point sources at the center, and 0.1 cm
from the center of the sample; initial velocity vectors
are 0° and and +20° from the surface normal at each
point; final beam energy is nominally 6 eV. These
parameters are within the normal operating range of
the instrument and the expected kinetic energy distri-
bution of organic secondary ions. Magnification of the
secondary ion source can be measured directly from
Figure 2 as the ratio of radial displacement of trajecto-
ries at the exit of the source to the radial displacement
of trajectories at the sample. The displacement at the
exit of the source, or the image, corresponds to .25
cm; the specified input parameters included an initial
0.1cm displacement at the target. This leads to a
magnification of —2.5. A 100-um diameter primary
ion beam would result in a secondary beam diameter
of 250 um at the source exit, neglecting aberrations.
The negative sign arises because the image at the exit
of the source is inverted with respect to the mean ion
axis; this behavior is required for simple electrostatic
lenses.

These calculations indicate that a well-behaved low
energy beam suitable for entrance into a quadrupole
mass analyzer can be formed from ijons sputtered
from a small spot at the center of the target. We
recently showed that a well-focused beam of low
energy ions projected onto the entrance of a
quadrupole mass filter is a requirement for producing
a well behaved beam, i.e., of small diameter and
divergence, at the exit of a quadrupole mass filter
[11]. Because the mass spectrometer under develop-
ment will eventually include a collision cell and sec-
ond quadrupole mass filter, it is necessary that the
mass-resolved jons exiting the first quadrupole be
well behaved.

The practical ion optical characteristics of the sec-
ondary ion source were tested using a special low
energy ion monitor [11], which was attached at the
exit of the source in place of the quadrupole shown in
Figure 1. The monitor projects the cross-sectional im-
age of the secondary ion beam at the source exit
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aperture onto a CRT, with approximately a sixfold
magnification. With this device beam shape, size, and
position (relative to the exit aperture) can be investi-
gated as lens and target parameters are changed and
as the primary ion beam was deflected to various
points on the sample.

The secondary ion source was evaluated as fol-
lows. A tightly focused 5-keV Cs* primary beam was
directed onto a flat graphite sample at the center of
the secondary lens system. Graphite was chosen as a
test sample because carbon clusters are desorbed with
energies characteristic of organic secondary ions, but
the graphite sample is less prone to damage than
organic samples. The primary beam spot size was
previously determined to be less than 200 um in
diameter by using an Nal [15] sample and viewing the
fluorescence spot with a telescope. The secondary
source lens voltages were varied about the values
predicted by SIMION calculations to focus the beam
image which was projected onto the monitor CRT.
The difference between a defocused secondary ion
beam and a well-focused secondary ion beam, when
both are viewed on the CRT of the low energy ion
monitor, are shown in Figure 3a and 3b, respectively.
In Figure 3a, the beam illuminated the entire 0.64-cm
exit aperture, whereas a beam image corresponding to
a secondary beam diameter of roughly 0.1 cm (Figure
3b) was obtained for optimal focusing voltages. The
shadow of a grid in the photographs arises from a
grid at the monitor entrance apertures that was used
to test the monitor. It was found that the lens parame-
ters necessary to obtain a focused secondary beam
spot (Figure 3b) agreed to within 10%, in all cases,
with calculations.

To obtain a measure of the secondary ion collection
efficiency, the graphite sample was replaced with a
glycerol sample. The amplified secondary ion current
from the dual microchannel plate (MCP) assembly in
the low energy ion monitor was measured as a func-
tion of the 5-keV Cs* primary ion beam intensity.
Secondary ion yield of glycerol for such a primary
beam has been previously measured to be about 2%
of the primary ion beam current [16]. The amplified
secondary current was in this case measured to be 25
nA for a primary current of 3 pA. For 2% secondary
ion emission, this measurement indicates a transmis-
sion efficiency of 50% (+50%, —25%) for the sec-
ondary jon source, if an MCP gain of 10° is assumed.
The uncertainty is primarily a consequence of uncer-
tainty in the MCP gain.

The calculated behavior of secondary ions emitted
at a distance of 1.0 cm from the axis of symmetry of
the lens system is shown in Figure 4a. Initial ion
energy for this calculation was assumed to be 0.5 eV;
this is a different initial kinetic energy from 1 eV
chosen for Figure 1 and shows that the ion optics of
the source work equally well for slightly different
initial kinetic energies. Also in Figure 4, a greater
number of trajectories are displayed, namely with
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Figure 3. Magnified (ca.x 6) image of
the low energy ion beam exiting the (a)
defocused and (b) focused secondary ion
source as viewed on the CRT of the low
energy beam monitor. The grid shadow
is a result of a grid at the entrance of the
monitor, placed there to enable monitor
tuning,.

initial trajectories of 0°, +22.5°, and +45° from the
surface normal also assumed.

The need to deflect the ions back onto the lens axis
(DEM) to have the ions exit the source in the center of
the aperture is readily apparent from these trajectory
calculations. For this purpose, deflection plates were
placed in the field-free region near the middle of the
extraction lens element where the ions have the high-
est kinetic energy. The position, shape, and potential
of the two electrodes nearest the target were chosen
such that a nearly parallel beam enters the deflection
plate region. This improves the effectiveness of dy-
namic emittance matching because a nearly parallel
on-axis beam then exits the deflection region. Large
scale DEM should be possible, as indicated by Figure
4b, even for the extreme case where the secondary
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ions originate from the edge of a 2-cm diameter sam-
ple.

As indicated earlier, a lens system with cylindrical
symmetry, ie., the lens elements are all symmetric
about the mean ion axis, except for the deflectors, which
of course, have planar symmetry, is represented in
Figures 2 and 4. Programs such as SIMION do not
permit the overlay of a planar symmetric lens onto a
system of cylindrically symmetric lenses, except in the
case of magnetic fields. To calculate the deflector
voltages used to produce Figure 4, certain assump-
tions were made, based upon the well-known behav-
ior of magnetic and electrostatic deflectors [17]. First is
that in a field-free region, neither electrostatic nor
magnetic deflectors have any fust-order focusing ef-
fect if they are symmetric. Second, electrostatic and
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Figure 4. SIMION frajectory plot of secondary ions emitted
from a point 1.0 cm from target center (a) without DEM and (b)
with DEM employed.

magnetic deflection can be calculated from 1 and 2.
tan ¢; = (8VL)/(Vod) (1)

where: ¢, = deflection angle
8V = voltage difference between plates
Vo = ion accelerating voltage
L = length of the deflectors
d = plage separation

and

tan ¢, = BL/(2Vym)*? (2)

where: B = magnetic field strength
m = mass of ion
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By superimposing a magnetic field in the position
occupied by the deflectors, an operation allowed by
SIMION, and by observing the trajectory correction
for a specified magnetic field and jon mass, the appro-
priate deflection voltage for electrostatic deflection can
be readily calculated. Despite the clumsiness of this
approach, it is mathematically and physically correct;
furthermore, observed deflection correction voltages
are within 5% of calculated values. For example, in
the specific case of secondary ion emission 1 cm from
the target center, as shown in Figure 4b, the potential
difference between deflector plates to correct the tra-
jectory of the beam was calculated to be 60 V, and the
observed deflection voltage at optimal transmission
was 60 V.,

The exiting beam in Figure 4b appears very similar
to that in Figure 2, where the ions originate from the
target center. Potential contours are more curved near
the edges of the sample, and therefore ions are more
strongly focused in the acceleration lens. For this
reason, in addition to trajectory correction by the
deflectors, the deceleration lens must be made weaker.
Ions emitted from the target extremity are not over-
focused at the source exit in Figure 4b because these
corrections have been applied to the focusing volt-
ages, i.e., the focusing voltages in Figure 4b are dif-
ferent from those of Figure 2.

The behavior of the secondary ion source for ions
originating far from the target center, as observed by
using the low energy ion monitor, is shown in Figure
5. The CRT display, shown in Figure 5a, is observed
without DEM employed. The image obtained when
the secondary ion source deflectors are used to correct
for secondary ion emission displaced from the target
center is shown in Figure 5b. The ability of the ion
source to redirect the secondary ion beam onto the
lens axis while maintaining a well-focused beam of
similar intensity is shown in Figure 5. It was found
that DEM was effective up to the edge of the sample
holder (0.6 cm off axis), indicating images should be
possible for samples up to 1.2-cm in diameter. The
size of the sample inlet system currently prohibits
testing of samples larger than 1.2-cm in diameter;
however, with an improved sample inlet system it
should be possible to image samples up to 2-cm in
diameter.

Slight coma aberration [17] was observed for sec-
ondary beams originating from the sample extremes,
because the field curvature becomes increasingly less
symmetric about the point of origin of secondary ions
near the sample surface in this region. A clear need to
adjust the deceleration lens parameters as the primary
beam was deflected farther off axis was not found
during this test. The effect may have been too small to
observe from the cross-sectional images on the CRT.
Aperture requirements of quadrupole mass analyzers
may be more sensitive to overfocus in principle, but
when the quadrupole mass filter was installed no
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Figure 5. Magnified image of secondary
ions emitted from source under condi-
tions similar to those used for Figure 4a
and b, respectively, as seen on low
energy ion monitor CRT.

degradation of secondary ion intensity was evident
for targets as large as 1-cm in diameter.

System Integration and Evaluation

Computer control system. The data system is designed
to maximize the rate of data acquisition and display
update. For an image of 200 x 200 pixels, or 40,000
resolution elements, if the data acquisition time were
only 100 ms per pixel, over an hour would be re-
quired to obtain an image. An IBM/AT (80286) based
system, with a 16 MHz clock and 10 MHz micropro-
cessor, was chosen as the central control and data
acquisition unit. All programs were written in Assem-
bly language in order not to software-limit the speed
of instrument control. The interface (Burr-Brown Cor-
poration, Tucson, AZ) consists of up to eight 12-bit
D/A converters, two 16-bit D/A converters, and one
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A/D converter with an eightfold differential miltiplex
capability. The 12-bit D/As are configured such that
values are loaded into all registers sequentially, after
which all D/As are triggered simultaneously. Settling
time for the 12-bit D/As is 500 us; for the 16-bit D/As,
the settling time is 8ps.

The rate at which a secondary ion image can be
obtained is limited by the time required to change
parameters such as deflector and lens potentials and
the time necessary to detect a significant number of
mass resolved secondary ions. For optimal speed,
images based upon the intensities of a number of
secondary ions are obtained by monitoring the inten-
sity of ions of one mass for each image. The settling
time of quadrupole mass filter power supplies is of
the order of a few milliseconds, whereas the settling
time of deflector and lens power supplies is a maxi-
mum of 500 us. Because each sputtering event under
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static SIMS conditions is stochastic, a mass spectrum
obtained at any point on the sample is independent of
the sequence in which it was obtained.

The secondary ion beam current can be monitored
in an analog mode, or pulse counting can be used for
low intensity. In the analog mode, a 12-bit A/D sam-
ples the ion signal from an electron multiplier type
detector and rapidly sums repetitive samples to im-
prove signal-to-noise levels. Up to 1000 readings can
be acquired and summed in less than 20 ms. Conse-
quently, image acquisition rate is limited by the set-
tling time of the D/As and the secondary ion inten-
sity, not by computer speed nor quadrupole power
supply settling time.

For each point on the sample (Primary X and Y
deflector plate voltages) there will be unique settings
for the secondary X and Y deflection plate voltages for
optimum transmission of secondary ions. Optimal
secondary ion source voltages may also vary with
position of the primary ion spot on the sample, as
SIMION calculations indicate. The set of optimal val-
ues for primary and secondary potentials are deter-
mined from an automated tuning routine. Seventeen
primary X and Y deflector settings and the corre-
sponding ‘‘starting search value’” for the secondary X
and Y deflectors settings are stored in a table. In
general, these values come from previous data acqui-
sitions, although the initial set of values was deter-
mined manually using the low energy beam monitor
[11]. The primary ion beam is positioned on the target
by using an arbitrary set of deflector settings. The
secondary deflector voltages are varied around the
““starting search value’” to optimize the secondary ion
signal. Upon location of the maximum signal, the
values are stored and the primary beam is directed to
the next point on the target and the procedure is then
repeated for each of the remaining sets of deflector
settings. A linear least squares fit of optimal deflector
settings for which recorded intensity is above a speci-
fied threshold is then used to determine a slope and
intercept for both the X and Y deflectors, along with a
correlation value for each fit. This procedure can be
repeated with the new values being used as the new
““starting search values’” each time, thus allowing an
iterative procedure to be employed until correlation
values reach an acceptable level. By using the linear
relationships, secondary X and Y deflector settings
can be calculated for any given point on the target.

A flat target is required for the calibration and the
signal must be sufficiently noise free that small incre-
ments in the voltages applied to the deflector plates
are discernible. To improve the signal-to-noise ratio,
signal averaging is employed with from 1000 to 10,000
samples averaged per setting. Increasing the number
of samples averaged from 1000 to 10,000 increases the
time of the procedure from 30 sec to 15 min. For
samples that are not flat, optimal primary and sec-
ondary potentials can, in principle, be determined
directly from the sample. A linear relationship be-
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tween primary and secondary deflector settings would
not be expected, except in the differential limit. In
such cases, care must be taken that the static SIMS
dose limit is not exceeded during tuning.

Evaluation of Integrated System

Tests of the secondary jon source optics and control
system consisted of installing a quadrupole mass ana-
lyzer in place of the low energy ion monitor, and
obtaining secondary ion images from samples of
known shape. A hexagonal grid, placed over a 0.9-cm
in diameter hole in the sample positioning probe, was
chosen as the first test sample because an image of a
grid is a good measure of image resolution and distor-
tion. A continuous dynode electron multiplier was
placed at the exit of the quadrupole to monitor trans-
mitted secondary ion current. With the mass analyzer
in the radiofrequency-only mode, secondary ions
above mass 20, emitted from the sample grid, were
detected. The image shown in Figure 6 was obtained
in approximately 80 sec and consists of 200 x 200
pixels. The amplified secondary ion current was sam-
pled 64 times at each pixel for signal averaging. Rela-
tive intensities at each pixel are displayed as different
shades of gray from white (low intensity) to black
(high intensity). The actual grid dimensions are 75-pm
wire width, and 1900-um diagonal across each
hexagon. From these ratios the primary ion spot was
determined to be, at worst, 100-um in diameter. The

TIC 1.2 cn
Figure 6. Secondary ion image of a hexagonal stainless steel
grid, based upon total ions transmitted through the quadrupole
in radiofrequency-only mode. Wire diameter of the grid is 75
pm; spacing between wires is 1900 pm. Field of view is 1.2

am /1.2 cm. Note the image of the screw head in lower right
corner.
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n-z 185 1.2 cm

Figure 7. Secondary ion image of m/z 185 (protonated glyc-
erol dimer) from a droplet of pure glycerol onto which was
placed a crystal of arginine hydrochloride. The plot in the lower
portion reflects the intensity of the targeted ion across the
horizontal cursor indicated in the micrograph.

field of view is roughly 1.2 cm X 1.2 cm. The nearly
uniform distribution of secondary ion emission across
the image attests to the nearly uniform transmission
of secondary ions regardless of origin.

The grid shown in Figure 6 is necessary to demon-
strate that the requisite secondary ion image can be
obtained. However, focusing and DEM for atomic
secondary ions require less precision than for organic
ions because the initial kinetic energy distribution of
atomic ions is much larger than of organic ions. Ions
with large energy spreads cannot be focused as
sharply as ions with small energy spreads. Thus,
DEM for atomic ions need not be as fine-tuned as
when the technique is applied to organic ions. Sec-
ondary images taken from glycerol solutions are
shown in Figures 7 and 8.

The ability of glycerol to permit long-lasting sec-
ondary ion emission is well known [12]. The sec-
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nsz 175 1.2 cm

Figure 8. Secondary ion image of m/z 175, protonated argi-
nine, from the same sample used for Figure 7. Note the comple-
mentary relationship between protonated arginine and the pro-
ton bound dimer of glycerol.

ondary ion images of m/z 185 (protonated glycerol
dimer) and m/z 175 (protonated arginine) from a
sample of glycerol onto which was placed a crystal of
arginine hydrochloride are shown in Figures 7 and 8,
respectively. Below the micrographs in each figure are
graphic plots of the intensity of the targeted ion,
along the horizontal indicated by the crosshairs in the
micrograph. About 80 sec were required to acquire
the data for each of the micrographs shown in Figures
7 and 8.

Figures 7 and 8 are unremarkable except for two
features. First, the location of the arginine crystal in
the sample was not visible to the naked eye. Second,
the graphs in the lower portions of each of the figures
are complementary and provide a quantitative mea-
sure of distribution that may not be readily apparent
from the micrographs themselves. While this sort of
information is of only passing interest for the exem-
plary samples, with biological samples, the co-loca-
tion of targeted compounds is of significant value.
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Summary

The success of organic ion imaging of biological tissue
pivots heavily on having a very high collection and
transmission efficiency of secondary ions, as well as
having rapid and precise control of the microprobe
parameters and data acquisition. The secondary ion
source presented in this article has been shown to
have very high secondary ion collection efficiency and
effective dynamic emittance matching over large
areas. This latter feature is indicated by relatively
uniform transmission through a quadrupole mass
analyzer over the entire sample area. Mass resolved
images up to 1.2-cm in diameter (and most probably
up to 2-cm in diameter) can be rapidly obtained by
using an efficient computer control system based on
an IBM/AT (80286) computer. To obtain images of
targeted organic compounds in biological tissue (in
which ions at every mass are typically present), how-
ever, tandem mass spectrometry will have to be em-
ployed. A collision region and second quadrupole
mass analyzer are currently under design and fabrica-
tion. The demonstrated focusing capabilities of the
secondary ion source described here, and the re-
ported behavior of ion transmission through
quadrupoles [8, 11], bode well for its success.

With a spatial resolution of about 100 um, the
device described here does not exactly fit the criterion
of 10 pm spatial resolution that is technically required
for a device to be a microprobe [9]. In this regard two
points should be made. First is that spatial resolution
can be improved over what we have reported here
provided sufficient sensitivity and specificity in sec-
ondary ion analysis can be achieved. Second, as
demonstrated in Figures 7 and 8, organic secondary
ion images can provide useful information, even from
samples that are an order of magnitude larger than
those that can be accommodated by ‘‘real” micro-
probes.
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