Available online at www.sciencedirect.com

SGIENCE<65DIRECT°

" pt,‘ LS. Mass Spectrometry
ELSEVIER International Journal of Mass Spectrometry 229 (2003) 157-166
www.elsevier.com/locate/ijms
High intensity perrhenate anion (RgQ emitters
Kendall B. Johnsaf) James E. Delmore, Anthony D. Appelhans
Idaho National Engineering and Environmental Laboratory, P.O. Box 1625, Idaho Falls, ID 83415-2211, USA
Received 7 May 2003; accepted 18 June 2003

Abstract

Various materials have been investigated for Re(perrhenate anion) emission with the goal of producing a high output emitter for
application as a primary ion source in secondary ion mass spectrometry (SIMS) analysis. A new emitter consisting of Re powder/BaSO
packed in Pt tubes has been found to have superior properties. This system produces in the order of 20@unAtent00 h when heated
between 1100 and 130C. Total currents of over several hundred nano-amperes have been sustained (three orders of magnitude higher than
previous emitters, >100 h). Lower currents (5—100 nA) persist for hundreds of hours. These emitters have been used in several SIMS guns
for over a year, and have proven to be extremely reliable and relatively easy to operate. As thedRd@s previously been shown to be a
highly effective projectile for many SIMS applications, the development of this improved high output emitter makes it feasible to extend the
range of its application to imaging and depth profiling.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction vidual atoms in the primary ion to the sputtered molecule.
Depositing more energy closer to the surface, combined
Polyatomic primary ions are of interest in secondary ion with time and space coincidence, enhances the probability
mass spectrometry (SIMS) to take advantage of certainof desorbing an adsorbed species.
unigque sputtering characteristics offered over monatomic  Early applications of polyatomic beams for SIMS com-
projectiles. Improved performance includes increased sec-paring a SE° source to a Cs source for static-SIMS were
ondary ion production, especially in static-SIMS analysis very encouraging6], but the SE° source utility was con-
[1-8]. Of particular interest is the increase in “molecular” strained by low output levels and focusing limitations. To
secondary ions, allowing the preservation of more chemical retain the positive benefits of a polyatomic projectile but
information in the sputtered iorf9,10]. Another important overcome the S§f limitations, a solid-state anion source
characteristic of polyatomic primary ions is the improved producing Re@~ was developefll6]. This source provided
depth resolution when applied to depth profilifigl,12] increased output current (several hundred pico-amperes),
These needs have been impetus to develop a variety ofand promised the potential for producing more finely focused
polyatomic ion sources suitable for SIMS, including among ion beams. The source consisted of a mixture of barium per-
others SE° (neutral) [13-15} SFs~, SK™ [12], ReQ~ rhenate [Ba(Reg),] in a ceramic matrix of europium oxide
[16], and various cluster iofd7-21] pressed into a pellet in the end of a small rhenium tube
Molecular dynamics simulatiof22—24]indicate thatthe  which when heated t6-900°C produced the Re{ ions.
significant factors underlying the unique sputtering charac- These Re@~ ion sources have been used in our lab-
teristics of polyatomic particles are (1) the reduced depth oratory in a variety of SIMS instruments for static-SIMS
of the energy deposition in the sample during the sputter- analyses, and, when operated within the appropriate tem-
ing event and (2) the time and space coincident coupling perature range, they have lasted for up to 5 years (and are
of energy transfer from the collision cascades of the indi- still operating at this writing). Their utility for producing
molecular secondary ions from a broad range of sample
types has been demonstrated. Most of this utility is thought
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of greatly reducing charging problems for many types of  Production of Re@~ from a Re metal surface was sur-
insulating samples. This simplifies and in some cases elim- prising considering that bare Re filaments heated in vacuum
inates the need for active charge neutralization. These pri-produce no measurable RgOion current, with or with-
mary ions have been used successfully for applications asout background @ in the system. Some mechanism had
diverse as the analysis of sf@#5—-29]and concret§30,31] “activated” the Re metal surface so that it would be oxidized
surface contaminants including chemical warfare agent de-to ReQ,~ if oxygen were available. This appears to repre-
tection and for the characterization of biological specimens sent ReQ~ formed in situ by a high temperature reaction.
[32]. However, a significant increase in the RgOion It is believed that over time some Ba containing species
output was required to extend the range of applications, in migrates across the Re metal surface at high temperature
particular to provide an ability to sputter rapidly and to be and catalyses oxidation of metallic Re to produce ReO
able to produce a small diameter beam of adequate inten- Other early work[34] tested perrhenate ion emission
sity for imaging and depth profiling applications. Reported from Re metal filaments using various ceramic oxides as
here is the development of a new high intensity perrhenate oxidizers, mostly rare earth oxides. While this showed that
emitter. perrhenate ions could be produced in situ at high tempera-
ture from some of these systems, the output levels and life-
times were considerably less than desirable for a sustained
2. Previous experimental studies ion source. Furthermore, water vapor was the oxidizing
species with the rare earth oxide/Re systems, while many
Earlier work[16,33], leading to the Ba(Reg)»/europium of the other material systems investigated were sensitive to
oxide ceramic matrix emitter described above, consisted of background oxygen in the system.
testing various mixtures of perrhenate salts and rare earth The discovery of relatively high output, long-lived in situ
oxides packed in Re tubes. These emitters were based orproduction of Re@~ from Re metal surfaces initiated an
the idea that Reg ions are pre-formed (supplied in the investigation to understand this phenomenon and to use it to
matrix as perrhenate salts) and are emitted under appropriproduce a superior emitter. The mechanisms of this activa-
ate circumstances (i.e., temperature and matrix chemistry).tion are being studied and will be reported separately.
When further investigating the Ba(Rg)Jg/europium oxide It should be noted that as the output from the emitter
ceramic matrix emitters, it was observed that when they shifts from the center region to the tube edge (Re metal
are run at high output continuously for several weeks, the surface), the ion output becomes sensitive to background
edge of the Re tube that supports the matrix begins to emitO, in the vacuum system. This sensitivity increases with
Re(,~ ions. As time progresses, ion production decreasestime, and Q is required to maintain ion production. After
from the ceramic matrix and increases from the Re tube activation of the Re tube edge, output can be maintained for
edge. After a few weeks at high current, ion output is solely long periods at roughly the same level as initially from the
from the Re metal surface of the tube edge (Sige 1). The ceramic matrix material alone if s maintained between
output from this donut-shaped ring is clearly less desirable 10-6 and 10 Torr. Without & the output can drop by one
compared to a small disk-shaped source for obtaining ato two orders of magnitude. While the mechanisms are not
tightly focused beam. yet understood, apparently oxygen from either gaseaqus O

®)

Fig. 1. Surface emission images of perrhenate ions from a ceramic matrix emitter (barium perrhenate/europium oxide) in a Re tubed0-0ARER in

0.d.). (@) Near the beginning of emitter life, emission is from both the ceramic material in the center and the Re tube edge. (b) After several weeks the

emission is from the Re tube edge only.
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or from some solid compound can be used for the oxidation 3.2. Small refractory metal tubes
of Re. As oxygen from the solid state is depleted, oxygen
from the gas phase becomes required. Small refractory metal tube configurations consisted of a
Another important variable was the temperature of the small, short tube packed flush at one end with material of
system. Re@~ emission started between 700 and 8G0 interest, which was the emitting surface ($¢g. 3. Re, Pt
and increased with temperature. However, as the tempera-and Pt alloy tubes of various sizes ranging from 0.381 mm
ture was raised above900°C, the lifetime of the Re@~ (0.015in.) to 1.32mm (0.052in.) i.d. and typically 3.8 mm
emission was greatly reduced. Since the process was no{0.15in.) long were used. The opposite end of the tube was
reversible (source performance did not return if the temper- spot welded to two Re filaments for mechanical support and
ature was reduced) it was suspected that there was either aesistive heating. These were spot welded in turn to insulated
non-reversible chemical change or loss of a critical chemical posts for mechanical support and electrical connections.
component due to evaporation. For the improved emitters presented here, the tubes were
packed with a mixture of Re metal powder (635 mesh, Rhe-
nium Alloys) and BaS@(Fisher Scientific Company) in var-
3. Experimental ious molar percentages (mol%). The powders were weighed
and mixed together in a vial. These mixtures were ground
Two basic configurations were used to test emitters, onein a small mortar and pestle to break up the Ba®@nps
based on a Re ribbon and the other on small refractory metaland blend with the rhenium powder. These powders were

tubes (Re and Pt). tightly compacted into the tubes.
In earlier studies the filaments used to support and resis-
3.1. Reribbons tively heat the tubes were Re ribbons (0.0254 mm (0.001in.)

thick x 1 mm wide). These were inadequate for the higher
The ribbon configuration was used to test materials for temperatures required for this work (13@Dversus 900C).

the direct activation/oxidation of a metallic Re surface for They would often sag, moving the emitter off center causing
perrhenate emission. The filament configuration consisted offocusing problems and sometimes shorting. Furthermore, the
a Re ribbon, 0.0254 mm (0.001in.) thiskl mm widex ~ higher temperatures required for operation with the BaSO
10 mm long (se&ig. 2). It was bent so that in the middle of  were often unattainable with the ribbons. This is due to the
the ribbon there was a flat emission surfacé (nmx 1 mm), limited thermal conduction of the ribbons because of their
perpendicular to the optical axis of the ion imaging system. small cross-section, compounded by the large surface area
The ends of the ribbon are spot welded to support/electrical per unit length, which allows much of the thermal energy to
contact posts. The ribbon is heated resistively. Materials of be lost to radiation. Substituting Re wire as support/heater
interest were placed on the emission surface. These wereelements greatly improved this situation. To match the power
applied to the surface as powder/water slurries. supply for the greatest heat input, 0.25 mm diameter wire

v

Fig. 2. Re ribbon filament emitters (1 mm wide). Emission is from the square end face.
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Fig. 3. Re powder/BaS{metal tube emitters (emitter #42, 1.32mm o.d.).

was chosen. This more robust arrangement eliminated theperforming sample, to over 2 months. A second instrument
sagging problem and allowed operation in the desired tem- of similar design was eventually employed to increase the
perature range (>130Q) for all but the largest diameter Pt number of experiments.

tubes (1.32mm.d. x 1.57 mm o.d.). The largest diameter

tubes were limited to temperatures just over 110@ue to

the significant radiative losses from the larger surface area,4. Results and discussion

combined with the limitations of the power supply (5 A). It

should also be noted that the largest Pt tubes had a relatively4.1. Direct emission from metallic Re ribbon surfaces

thin wall compared to the diameter. This will lower the ther-

mal conductivity down the length of the tube, which could  Re ribbon emitters were used to investigate a variety of

result in lower temperatures at the emitting surface. compounds for their capability to oxidize Re to RgGand
allow its emission and also to evaluate the ribbon configu-
3.3. Vacuum system and measurements ration as an emitter for ion gun applications.

Compounds tested included Ba(GHind BaCQ@, which
These emitters are mounted in an ion gun assemblywere some of the more successful agents. There were un-
[35]. Vacuum system-based pressures were typically arounddoubtedly waters of hydration, especially with the hydrox-

10~7 Torr. The lowest pressures were in the low $@orr ide. No effort was made to control the level of hydration
range and the highest pressures were®I®rr when oxy- since the materials were assumed to dehydrate when heated
gen or other gasses were added to the system. in vacuum. These compounds were chosen for inclusion

The ion emitters were tested on an ion beam test stand,of Ba, stability at high temperatures and for the inclu-
the predecessor of which has been described elsedtre sion of oxygen. Typically Re@™ emission occurred in the
The beam coming from the ion gun can be focused onto a800-900°C temperature range.
faraday cup for measurement of the total ion current, or with  Emission from the ribbon surfaces was non-uniform,
the faraday cup retracted, on a microchannel plate (MCP) typically exhibiting large, time and space-dependent, ion
image intensifier to obtain an image of ion emission from emission variations. They had regions of low emission and
the surface. There was no capability for mass separation inbright, high emission points that sometimes scintillated.
this system. A magnet could be manually held next to the This was due in part to the difficulty in uniformly apply-
vacuum chamber to deflect the beam to verify that it did ing activating/oxidizing agents to the Re ribbon surface. If
not contain ions of significantly different masses. This gave sufficient agent was applied to obtain any reasonable acti-
an indication as to the mass purity of the beam. Emitters vation, the areas with bulk material also blocked emission
of a given composition were tested in a separate thermalfrom those areas.
ionization mass spectrometer to verify that the ion beam was The ribbon emitters displayed wide variability in ion out-
indeed perrhenate. put between samples and treatments. Many operated from

Emitters were usually run continuously until their perfor- a few pico-amperes to several hundred pico-amperes and a
mance dropped below values of interest. Each experimentalfew were in the nano-amperes range, although only for short
run for an emitter can take from several days for a poorly times. lon emission generally increased with temperature,
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however as higher temperatures (generally >300were the remainder mostly Re, and trace quantities of C|
reached this effect diminished, with output increasing only thus verifying the predominance of RgOin the output.
slightly with increased temperature. The ribbon emitters  The possibility of ReS@~ existing in the emitted ion
also developed a large sensitivity to background oxygen beam arises due to mass over lap with ReQt was verified
pressure. Background oxygen in the system was requiredthat ReSG~ was not present in the beam in experiments
to reach and to maintain high intensity. using180, as a background gas in the vacuum systéi®,

It became apparent that while the Re ribbon configuration was added to determine #fO in ReQ~ could exchange
was convenient for screening compounds for their ability with 180. On addition of80,, the ReQ~ thermal emission
to oxidize/activate Re for the production of RgQ it was  peaks split into peaks corresponding to substitution of 0, 1,
unsuitable as an emitter for general use for the above reasons2, 3, or 4 of the oxygen atoms in RgOwith 180. Under

appropriate conditions all of the oxygen atoms could be
4.2. BaS04 as an oxidizing agent replaced producing a pure ¥©,~ beam. This verified that
ReSQ~ did not exist in the beam.

One feature observed from the above-mentioned inves- During these experiments SIMS spectra were also taken.
tigations was that oxidizing compounds containing a heavy It is interesting to note that at temperatures below oper-
alkaline earth cation produced longer lived, higher output ating conditions, SIMS peaks were seen corresponding to
ReQ,~ emission. A variety of Ba and Sr containing com- SO~ (x = 1, 2, 3, 4). These peaks disappeared at oper-
pounds gave by far the best results, with Ba being the pre-ating temperatures. A peak at mass 32 corresponding to
ferred species. It is hypothesized that the Ba (or Sr) cation either S or O,~ was also observed which persisted at op-
is needed to stabilize the perrhenate anion long enough forerating temperatures. On addition ¥10,, this peak split
it to be emitted. It was also apparent that other important into peaks at mass 32, 34, and 36 correspondintf@,
rate limiting factors included the source temperature and the 160180, and'80,, respectively, and after time-(L h) con-
availability of oxygen. A higher temperature system, and verted completely to mass 36. Therefore, it appears that
hence faster kinetics, was clearly desirable for increasedsulfur-containing species are not present at operating con-
ion output. It was also desirable to have sufficient oxygen ditions. This was surprising as it was originally assumed
available from a solid form for long-lived ion production that there was a direct conversion from &0 ReQ. There
so there would not be a dependence on gaseousvich is also a myriad of positive peaks in the SIMS spectra, at
is more difficult to control). operating temperature, corresponding to species containing

Barium sulfate (BaSg) was chosen as a likely candidate various numbers of Ba, Re, and O and are assumed to be
to meet the above requirements as an oxidizing/activating various intermediate species in the conversion to ReO
agent. It contains Ba, has a considerably higher melting point
(1350°C) than other known activating agents (for example, 4.3. Re powder/BaSO4/metal tube emitters
BaCGQ;, melting point 81T C) and it is known to be a pow-
erful oxidizing agent with many oxygen atoms. It seemed logical that a system consisting of Re metal

An initial test consisted of putting BaS@vater slurry with a high surface area intimately mixed with a high con-
directly on a Re ribbon. When heated, this immediately ac- centration of BaS@ would offer distinct advantages. This
tivated the Re and resulted in high perrhenate anion out-would allow both BaS@® and Re to be present at the sur-
put, with a peak output of 95nA, settling to around 60nA face without blocking ion emission, and at the same time
for several hours, and then slowly decreasing over severalincrease the rate of reaction and hence ion output due to
days. This was without background oxygen in the system. the high surface area and increased contact between Re
However, as mentioned previously, the ribbon configura- and BaSQ. This was accomplished by mixing Re powder
tion resulted in very non-uniform emission across the face with BaSQ, powder and packing the mixture into refrac-
of the emitter, including scintillating bright points, similar tory metal tubesection 3.2 This arrangement was very
to Re ribbon activation with other agents. Activation with successful. The results of the experiments performed using
BaSQ did not produce Reg anions until over 900C and this arrangement are shownTable 1
produced the largest currents between 1100 and 1300 The emitters were continuously operated from start to end,
These operating conditions for Bag@ctivation/oxidation with only a few exceptions for brief interruptions due to
are several hundred degrees higher than the previous sysapparatus problems. Experimental parameters (temperature
tems (800—900C). This verified that the higher temperature profiles, addition of background Detc.) were not consis-
stability of BaSQ did indeed allow higher operating tem- tently applied to the various experiments. This contributed
peratures, which enhanced ion production. to the considerable variability in the perrhenate ion output

Mass analyses of this material system (BagD a Re between emitters.
ribbon) were performed on a high temperature Langmuir  The total emitted ion current depended on emitter surface
vaporization mass spectrometer (HTMSY] developed in area (metal tube i.d.). The smallest tubes (Pt, 0.41mmi.d.,
this laboratory. Thermal ion emission spectra showed that#40, #41) produced ion currents in the 10-50 nA range ini-
the ion beam consisted of between 90 and 98% Re@ith tially. The 0.84 mmi.d. Pttubes (#44, #45) initially produced
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Table 1

ReQy~ output from Re powder/BaSnetal tube emitters

# Tube i.d. (mm) mol% BaS® Approximate Approximate Temperature Output/surface
output (nAf duration (days/h) (°C) area (NA/mrg)

26 R& 1.07 47 230-200 3/72 1150, 1180 257-223
200-130 1/224 223-145

28 Ré 0.508 47 50-80 14/336 1140, 1200 246-394
50-0.% 21/504 246-0.49

40 pf 0.41 30 10-45 36/864 1150, 1300 77-346
20-0.5% 7/168 154-3.8

41 P 0.41 30 30-20 6/144 1200, 1265 231-154
17-6 7/168 1260, 1270 131-46
15¢ 1/24 115

42 Pt 1.32 30 80-69-K 6/144 1130 58-47

43 Pt 1.32 50-P 160-50 1/24 1130 116-36

44 Pfl 0.84 15 70-125-70 3/72 1080, 1185 126-226
115-70 2/48 1250 208-126
70-6 0.5/12 126-10
6-3.5 3172 10-6

45 Pfl 0.84 30 100-125-100 7/168 1100, 1245 181-226
100-12 3/72 1245 181-22
126 21/504 22-10.8

46 per 0.84 30 450-500—360 1/24 1250 815-906-543
150-20 2/48 272-36
10-5.5% 8/192 18-10

2ReQ;~ ion current measured on faraday cup (except as noted, output was from center powder region).
bRe, high purity CVD, Ultramet, 1.07 mmd. x 1.52mm o.d. (0.042in..d. x 0.060in o.d.).

¢ Steady drop over this period.

dRibbon support heaters sagged and shorted out.

€Re, high purity CVD, Ultramet, 0.508 mmdi x 0.711 mm o.d. (0.020in..d. x 0.028in o.d.).

f Over this period the output shifted from the powder in the center to the edge of the Re tube.
9 Qutput was from tube edge, and required backgroupd O

hPt/Ru, 95%/5%, Hamilton, 22 gauge, 0.41 mmi. ix 0.72 mm o.d.

with background @, the output would rise back to 20 nA.

I Packed powder emitting surface recessed in tube approximately the same as the i.d.

kK Emitter still performing when experiment stopped.

I Pt 99.9%, Johnson Matthey, 1.32 mrd.ix 1.57 mm o.d.

M nitial transient 200 nA.

" Maximum attainable temperature.

°This concentration packed poorly.

P Emission from donut-shaped ring.

9Pt/Ru, 95%/5%, Hamilton, 18 gauge, 0.84 mmh. ix 1.27 mm o.d.

"Large aperture, 2.54 mm (0.100in.) in ion gun vs. 0.60 mm for all other experiments (see text).
SInitial transient 750 nA.

~100 nA total ion current. The larger Re tube (1.07 mm i.d., often raised during the experiments (between 1100 and
#26) produced~200 nA. 1300°C) to try to maintain higher output currents. Also
Output from the largest Pt tubes (1.32mm i.d., #42, #43) it was observed that when temperatures exceeded 300
was~50-100 nA. This lower output was largely due to the these emitters would usually “burn out” in several hours to
low operating temperature, as their large surface area hada day, depending on temperature.
large radiation losses. 1130 was the maximum attainable A characteristic output/time profile that the emitters typ-
temperature with the 5 A current limit of the power supply, ically followed in various degrees is as follows. At the
while the smaller tubes were easily heated to over 80  beginning the ion output increases with temperature starting
lon emission per unit surface area was in the order of at ~900°C. As the temperature is raised between 1100 and
200 nA/mn?t for approximately 100h, when the temper- 1300°C, the output levels off and becomes considerably
ature was between 1100 and 13@ (Table 1. Some less sensitive to temperature. There is a slight lag in output
produced these high output rates for several hundred hoursas the temperature is raised and time is required between
(#28 ~336 h, #40~864 h). After this initial high output  steps to reach a steady state. When the step to high temper-
period, most would produce lower ion currents for con- ature is done quickly or all at once there is sometimes an
siderable periods (5-1@0nA/mn¥, often for hundreds of  over shoot in the output that decays down to a more steady
hours). Eventually the output would drop to lower levels, level (over seconds or minutes). When at a stable operating
i.e., “burn out”. In these experiments the temperature was temperature there is a high output period in the order of
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200 nA/mnt, which usually lasts for 100 h or more. During that positively charged secondary ions, produced when pri-
this time the output gradually decays, but not drastically mary ions bombard the edge of the ion gun aperture, are
(i.e., typically 10-30%). Following this high output period focused right back onto the emitter. The observed polishing
there is often a significant decay period where the output Of the Pt tubes may be due to this positive ion sputtering
drops by an order of magnitude over tens of hours to several€ffect.
days_ This is followed by a lower output extended period As mentioned above, the activated metallic Re sources
that slowly decays over hundreds of hours. (Re ribbons or tubes) become sensitive tp liackground
With regards to beam output stability, which is important levels in the vacuum over time (a day to a week). &
for depth profiling applications, there is some variation be- 1076 to 107> Torr becomes required to maintain the ion
tween emitters but once an emitter reaches stable conditiongutput levels. Without this backgroung @e output rapidly
the short-term (several minutes) fluctuations are usually lessdrops by over an order of magnitude or more. Output usually
than a few percent. For many emitters it is less than 0.1%. responds quite quickly and returns to previous levels when
(Smaller surface area emitters have larger fluctuations thanOz is restored.
larger ones.) The longer-term drift is also generally less than Pt tube emitters (with Re powder/Baj@how a mild re-
a few percent per hour once steady conditions are obtained Verse sensitivity to background,OOutput typically drops
by one-third to one-half with the addition of,0Only when
4.4. Tube material, oxygen sensitivity and emission the emitter is run until output has been greatly reduced (pA
uniformity levels), will the output begin to show positive sensitivity
to oxygen background pressure similar to the activated Re
Re tubes were tried first and during operation the tube tubes or ribbons. While this behavior is not currently un-
edge slowly activated while the output from the center pow- derstood, it is a considerable improvement, as the output is
der area slowly diminished. The result was that after a week less sensitive to pressure cycling and background gasses in
or two of operation the Re tube end face was emitting more a vacuum system. This material system (Pt tubes with Re
than the center area, although the total output was nearly thepowder/BaSQ@) appears to have sufficient oxygen available
same if background ©was maintained in the system. This in some solid form to maintain long-lived perrhenate pro-
again gave a less desirable donut-shaped emitter similar toduction from the high temperature oxidation of Re powder
the previous ceramic matrix emitters. Re tube emitters did without the addition of gaseous,O
show a little higher over all ion output than Pt tube emitters,  Fig. 4shows a sequence of ion emission images from the
but this is probably due to the increased emission surfacesurface of emitter #40. This shows that while there is some
area of the tube end. variability across the emitter surface, all the ion emission is
After long run times (several additional weeks) the Re from the center powdered region. As time goes on the images
tube showed considerable erosion, with the tube becomingshow a more uniform emitting surface and the material is
very thin in one particularly long run (#28). Commensurate observed to recede slightly into the tube over time. This
with this was a red thin film deposit on internal parts of the possibly is due to consolidation of the material as it sinters
ion gun that were in a direct line of sight from the emitter. at temperature.
Analysis in the scanning electron microscope (SEM) showed On a microscopic scale there is an appreciable loss of ma-
this to contain Re and O (oxygen) with ratios indicating this terial at these ion currents. Accounting for the loss of Re due
is probably Re@. This indicates that considerable amounts to conversion to Reg™ at an emission rate of 200 nA/nfm
of Re is lost as neutral ReQwhich deposits on the inside and for a 50% volume packing density for the mixture, the
walls of the gun. Another observation was the slow build material loss rate is calculated to be 4.1, 6.5, and {Lin1
up of a thick porous material on the end of the emitter that per day, respectively, for 4.7, 15, and 30 mol% BaSEbr
seemed to block emission of ions. Its composition was not 100 h at 200 nA/mrathe total material loss is calculated to
determined because it charged in the SEM. This could bebe 17, 26 and 4pm, respectively. This accounts only for
scraped off, restoring it in some degree back to the higherlosses due to Ref. There may be other losses due to sub-
output levels. limation of neutral species, etc. The Re particle size is in
In an effort to eliminate emission from the tube end face, the order of 1-2um (as verified by SEM analysis). These
an inert yet sufficiently refractory tube material was sought. calculated losses represent tens of layers of Re particles
Pt tubes were tried and largely eliminated these problems.consumed at the surface for 100 h of operation. From these
They produced high ion currents from only the powdered considerations it is expected that the surface (and hence the
center region of the emitters. The tubes did not degrade emitter characteristics) will change considerably over this
with time nor did build up occur on the tube end. Under time frame.
the microscope it appeared that with use there was some
surface rearrangement. The Pt surfaces lost the machined!.5. Effect of BaSO4/Re ratio
appearance and became very shiny, yet had a rippled look.
There was no noticeable loss of Pt tube material as there A wide range of BaS@ concentrations (in the Re pow-
was with the Re tubes. lon optic modeling demonstrates der) appear to be acceptable for obtaining high perrhenate
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(e)

Fig. 4. Perrhenate ion surface emission images from Re powder/BaS@be emitter (#40, 0.41 mm i.d.), at different times throughout the experiment.
(a) 8nA, 1086'C, ~6 days (144 h); (b) 22nA, 115€&, ~6 days (144 h); (c) 40nA, 124Z, ~15 days (360 h); (d) 23nA, 123%&, ~19 days (456 h);
(e) 32nA, 1308C, ~19 days (456 h).

emission. BaS@in Re powder at 4.7, 15, and 30mol% but at higher currents the beam began to be severely clipped
performed well. The 50 mol% BaS@xperiment (#43) per- by the aperture.

formed poorly and it was observed that the powder mixture It was observed that there was a sputtered area around the
did not pack well, with some falling out. Calculations for aperture of the ion gun with a diameter slightly less than
the solid volume of the powder mixtures gave 22, 51, 71, 2.54mm (0.10in.). This verified that a large portion of the
and 85vol.% BaS@ respectively, for the 4.7, 15, 30 and beam was clipped, at least for the higher currents. Modeling

50 mol% BaSQ mixtures. further showed that the entire beam should pass through a
2.54 mm aperture up to 1000 nA. The aperture was increased
4.6. Space charge issues to 2.54 mm in diameter. With this arrangement, a new Pt

tube emitter (0.84 mm i.d., #46) gave an initial transient
Later in this investigation it was suspected that space current of 750nA and sustained currents for a day in the
charge issues could be a problem in the ion gun at these500 nA range. This experiment verified that at high beam
high currents. Modeling showed that for the ion gun and currents, significant clipping of the beam had occurred for
settings, with an aperture of 0.6 mm (0.0236in.), spreading the small aperture. For currents of over 100 nA analyzed with
of the beam was insignificant at currents below 10nA. At the smaller aperture, the actual emitter output may have been
100 nA over 90% of the beam passed through the ion gun considerably higher than reportedliable 1(except for #46).
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