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Abstract

Boron liquid metal ion sources (LMIS) for locused ion beam syslem have been
developed in the form of binary culectic alloy of Pd:B;4. This alloy source was selected as a
p-type dopant source. A source life time of more than 120 h has been recorded with different
emitrer lip radii to test boron ion beam stabilily. Microsiruciure examination of the Pdo:Ba-
binary alloy proved that boron LMIS instabiiity was cause primarily by the formation of
solid precipitates due to a change in alloy stoichiometry, Auger electron spectroscopy (ALS)
analysis of boron beam deposited on a flat silicon substrale shows rheniom emilter erosion
as well ay other elements (Fe, Ni and Cr) resulting from extraclor sputicring. Greater
attention was patd on the metallurgical aspect of LMIS to develop more reliable boron
L.MIS.

Abstrak

Sumber ion metal cair boron untuk sistem berkas ion terpusat telah dibuat dengan
menggunakan paduan biner “eutectic” Pdo;Bao Sumber berkas ion dar paduan i dipilib
schagat sumber dopan jenis p. Masa pakai paduan lebih dary 120 jam telah dicatat dengan
percobaan menggunakan berbagai ukuran jari-jari emiter untuk mengukuor kestabilan dari
berkas ion yang berbasis boron. Penyclidikan terhadap struktur mikro dari paduan biner
Pd+:By; membuktikan bahwa ketidak stabilan dari sumber ion metal cair berbasis boron
disebabkan oleh pembentukan presipilal padatan. Pembentukan presipitat padatan ini akibat
dar] perubahan "stoichiometry”. Analisa dengan menggunakan spektroskep: Auger dengan
cara mendipositkan berkas ion int pada permukaan lempeng silikon yang rata membaktikan
hahwa terjadi erosi emier yang lerbuat dan rhentum dan juga elemen lain akibat dari
penparuh “sputtering” ekstraklor, Perhatian pada penelitian ini ditojukan pada aspek
metaturgl dari sumber berkas ion metal cair untuk mengembangkan sumber ion metal cair
horon yang dapai diandalkan.

Introduction submicron level fabrication of IC dewi
ces.'[n the IFIB system, a LMIS is used as
Liquid metal jon source (LMIS) in & high brightness source for a variety of

purposes su¢h as; direct write dopant
source. micromachinning, and photomask
repair.

fovused ion beam (FIBY system have
emerged as a primary source for recent
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There are several LMIS which olfer
a wvariety ol metal ton species. Of these.
boron aitracts considerable  interest
because it is the most common p-type
dopant for submicron |C fabrication,
To date, although there is a large body of
work on LMIS.™" there s a relatively
littke Information poblished about the
metallurgical aspects of LMIS  which
affect boron ion characteristics such as
source lifetime and on beam stability,
The development of reliable boron LMIS
requires a basic understanding of the
materials problems which affect ltfetime.
ion beam stahlity, and current density. In
this paper. we report on the metallurgical
aspects of Pd+:B-7 LMIS which have been
devcloped at the Center for Integrated
L:lectronics at RPL.

Materials and Method

Figure 1 shaws the experimental
sel up of a dual carbon Hilament [.MIS in
the mass spectrometer chamber. The
setup  comprises & retractable  shutter,
filament, and tonizing chamber for
residual gas analysis, and a serics of
lenses to focus the beam  into the
quadrupolc mass spectrometer  ((QMS).
The quadrupole mass spectrometer was
calibrated with galiium LMIS before this
experiment to insure accuracy of the mass
spectrometer response tor the PdB source,
Figure 2 shows the dual carbon fitament
liguid metal ion source  built and
developed at the CIE-RTY  laboratory.
This type of LMIS incorporated two
graphite ribbon filaments mstead of one
and has heen operated more than k20 howr
with Pd+ B+ binary eutcctic alioy.

Two graphite ribbon filaments arc
more stable than a single ribben
filamment and provide stable liquid
metal {lows from the reservoir o the
emmtter tip. The emilwer needle s
anchored in the upper graphite ribbon
filament and cleaning was performed
in vacuum to remove oxide on the

necdle surface before  loading  with
Pd;aB5; alloy in the form of fump (1-2
mm’). Afler cleaning the needle, the alloy
fump 1s immediately inserted between the
two graphite nibbons  at  atmuospheric
conditions, followed by  melting in
vacuum at 10 'n Lorr 10 wet the needly.
Liguid metal passage from reserveir 1o
the emitter tip occors by capillary flows
through a small aperture hole in the lower
graphite ribbon filament.
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Fig. 1. Liquid metal jon sources expurimental
setupy in the QMS chamber.

Three ditferem emitier radii (2.5, 3.0,
and 10 um} made of rhenium woere
prepared by mechanical prinding. follow
ed bu clectrochemical cich (2nmind with
SN NaOIll. Input healer power in the
range of $0-R0Warty was require to meh
the alloy and maintain the Tiquid flows to
the enmtter Lip.

Result and Discussion

Mass spectrum & operating behavior
A typrcal mass spectrum of Pd =13

I.M1S with 2.5 pum radius emiticr tip

shown in Fig. 3 was oblained from the
QMS with a low scanning rale of



0.5 amws and a total scanmag width of
140 amu on the horizontal scale. The
boron isotopic ratio is quite consistent
with the natural boron isotopes abundance
ratic. The spectrum shows doubly ionized
palladium Pd'" which is a typical post
jonization of singly ionized palladium,
along with the molecules of PdBR. In
Table 1. are tabulated various elements
detected by the QMS. The average 'B’
current recorded { with no attcmpt to focus
the beam) is 0.4 pA which represent
[2.13% of the total beam current recorded
by QMS. From the tabulated ¢lement in
Table |, (B/Pdlun = 24.13% which s
less than (B/Pd)ye, . Figure 4 shows ''B’
current-voltage and  total  extractor
current-characteristics characteristics of
Pd::B.; alloy with emitter radws of 2.5
.,
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Fig.2. Dual carbon fllament liguid metal jon
source,

The difference i more significant at
higher applied voltage. where the ''B’
current tends to saturate. Figure 5 shows
stability measurement plotted as ''B’
current vs time for thres: ditferent emitter
radii. For 2.5 um radius emitter tip (see
Fig 5¢), the instability is less than 4% and
the "B current drift becomes almost
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twice as large with an increase of emitter
lip radius to 5 and 10pm |see Figs. 5(a)
and 5(b)]. The recorded "B current drift

is 8.3% and 7.9% for both 5 and 10um
emitter tip. respectively.
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Fig. 3. Mass spectrum of PdB liquid metal ion
SOUTCE.

Tabde 1. Percentape abundance of various
elements in beam at 338pA for
PdB alloy on Re emitter (tip radius

15 2.5um).
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Fig 4. Current-voltage characteristics of PdB
atloy with emitter radius of 2.5um.
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Fig.5. Short tern stability measurement of
PdB liquid metal ion source with
different emitter tip radius (a} 10um:
{5}5.0um;{c) 2.5um.

The "B’ current recorded with the
same extractor condition also varies with
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cmitter tip radius. For 5 and {0um emitier
radius, the ''B~ current recorded is 27%
and 39% less compare to the ''B’ current
measured with 2.5um emitter tip

Although short term  stability
measurement with different emitier tip
radii appear to be encouraging with little
"'"B' current fluctuation, nonctheless, long
term stability measurement gives result
which are quite different than the short
term stability measurement. Figure 6
shows a long term test of stabiliry
measurcments of ''B” current with three
different emitter radii. The average ''B'
current drift is less than 4% for 2.5um
emitter tip radius atter 120 h test run. For
ali three emitter tips used in this
gxperiment, large current drift was
cbserved during the first 10 h run. Two
other sources with 5.0 and 10um radws
emitter tip did not operate stably and
exhibited a shorter lifetime due to
mechanical failure of the graphite ribbon
fastener.
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Fig.6. Long term stability measurement of
PdB liquid metal jon sowrce with different
emitter tip radii.

PdB LMIS microstructure

A typical phase diagram of PdB
atlloy 1s shown in Fig.7. The eutectic
composition occur at 24.2 at% B and



varics up to 27 at% B."® Figure 8(a)
depicts an electron micrograph of the tip
of a wetted Sum radius of rhenium
emitier needle which shows visible solid
precipitates of approximately lpm size.
From the phase diagram shown in Fig.7,
it is most likely that a slight digression
from a single phase eutectic composition
during field evaporation shifts the single
phase to a two phase region of solid and
liquid.
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Fig.7. PdB constittion phase diagram (Ref,
10).

Therefore, it is conceivable that the
solid precipitales occur because of a
change in stoichiometry from a single
phase 10 two phase mixture of solid and
liguid. The most probable recason for the
change in stoichiometry is a local
concentration built up of a segregated Pd-
rich alloy from Pd:B alloy which is left
behind during field evaporation. Base on
the PdB phase diagram, it is less likely
that boron will segregate from Pd:B to
form a B-rich alloy plus PdsB. because
this will mmvolve a large change in
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composition although the (B/Pd)uwyn 15
less than {B/Pd)y. . which means more
boron is lefi in the liquid alloy.
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Fig.8. Microsiructure of PdB liquid metal ton
source; {a} 5 pm tip by SEM: (b)
metallograph of a 5pun tip with solid
precipiiate  {c) Sum tip  shows
precipitate migration shown by arrow
and (d} 10pm tip which shows
reunding oft the tip (¢) 10pm tip with
intermetallic  precipitates at the
interface,

A second possibility to explain the
change in alloy stoichiometry is the
formation of intermetallic compound
pregipitates of Pd:B+ PdsB- in the liguid
as more boron is left bchind and
subsequently. the precipitates migrate
along the shank te the tip apex of emitter
needle as shown in Fig. 8{a-e). These
soltd phas¢ eventually cause ion beam
instabitity during operation of a focused
ion beam system

Figure 9 shows AES analysis of PdB
[.MIS 1on beam deposited in 3 h on a
solid silicon surface, which shows
rhenium and other clements. Since
rhenium ions are not detected by the
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QMS, it is more likely that most of the
rhenium elements detected by the AES
originated from emitter tip erosion and
not from rhenium in the liquid alloy.
Therefore, although the boron LMIS may
last more than 120 h, maintaining beam
stability with clean emission free from
extractor sputtering elements of Cr, Fe
and Ni remain a difficult task. Ths
difficulty will remain in the development
of not only boron liquid metal 10n source
but possible for other liquid metal ion
sources as well.
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FIG 9. Auger electron spectroscopy of a
liquid metal ion sources deposited on a flat
solid silicon surface using 10pm tip radius

Conclusion

PdB binary cutectic alloy is a good
candidatc tor boron 1.MIS for the FIB
application. This criteria stem from a
tifetime test of more than 120 h test run.
A combination of rhenium as a liqud
metal emitter and graphite ribbon as a
liquid metal ion source heater 1S a one
possible to produce along lifetime source.
The cause of LMIS instability is due to a
combination of solid  precipitates
formation as a result of change n alloy
stoichiometry to a palladium rich alloy
and the formation of intermetallic
compound in the liquid melt. This hinder
the flows of ailoy to the tip apex, and
cause beam instability.
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