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A liquid metal ion source (10) and alloy for the simultaneous ion
evaporation of arsenic and boron, arsenic and phosphorus, or arsenic,
boron and phosphorus. The ionic species to be evaporated are con-
tained in palladium-arsenic-boron and palladium-arsenic-boron-phos-
phorus alloys. The ion source (10), including an emitter means such as a
needle emitter (12) and a source means such as U-shaped heater ele-
ment (14), is preferably constructed of rhemium and tungsten, both of
which are readily fabricated. The ion sources (10) emit continuous
beams of ions having sufficiently high currents of the desired species to
be useful in ion implantation of semiconductor wafers for preparing in-
tegrated circuit devices. The sources are stable in operation, experience
little corrosion during operation, and have long operating lifetimes.
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LIQUID METAL ION SOURCE AND ALLOY FOR
ION EMISSION OF MULTIPLE IONIC SPECIES

BACKGROUND OF THE INVENTION

The U.S. government has rights in this invention
pursuant to Contract No. 83F842300.

This invention relates to liquid metal ion sources,
and, more particularly, to alloys used to evaporate mul-
tiple ionic species from such sources.

Liquid metal ion sources provide high current
density beams of metallic ions from a source having a small
virtual source size. Such high current and small source
size are required when the ion beam is to be focused with a
high resolution of, for example, less than 1 micrometer spot
size and utilized in applications such as fabrication of
semiconductor microcircuits by ion implantation. The high
current density and small virtual source size are achieved
by emitting the ions from a substrate having a sharp point,
such as the point of a needle. In one such approach, a
needle is covered with a layer of liquid ion source metal,
and a cusp in the liquid metal at the point of the needle is
created by the application of an electrostatic extraction
field. The ions are emitted from this tiny cusp. As the
ions are emitted and the amount of liquid alloy decreases,
more liquid metal flows from a reservoir down the needle to
the cusp to replenish that emitted.

In this type of ion source, a species to be im-
planted typically resides in a liquid alloy while in the
reservoir and on thé needle. This alloy must be heated to
at least its melting point and remain in the molten state
for long periods of time during ion implantation runs. When
an alloy is held molten for this long period of time,
species which have high vapor'pressures can be lost from the
alloy in significant amounts, so that the alloy composition
changes over time. This change in the composition of the
ion source alloy over time can be highly significant and
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deleterious in the fabrication of semiconductor micro-
circuits, due to the change in the current density of the
ionic species to be implanted in the semiconductor chip.
Additionally, the long period of contact between the molten
alloy and the emission elements of the liquid metal ion
source, including the reservoir and the needle substrate,
can cause corrosion and failure of these elements. The
lifetime of a liquid metal ion source is often limited by
the "attack and corrosion of the emission elements by the
molten alloy, and such corrosion can undesirably change the
emission characteristics of an operating ion source over
time.

The most straightforward approach to providing an
evaporation source for an ionic species is to provide the
species in” its elemental, unalloyed form. However, many
important dopant and metalloid ions for implantation into
active areas of microcircuits, such as arsenic, antimony
and phosphorus, have high vapor pressures at their melting
points, resulting in atomic evaporation and loss of the
element. The melting points are also rather high, so that
corrosion of the evaporation elements occurs when the pure
liguid metal and the evaporation element are in contact for
long periods of time.

An alternative approach is to form an alloy of
the desired ion evaporation species with other metal or
metalloid constituents chosen so that the melting point of
the alloy is lowered below that of the pure species, and
further so that the corrosion of the emission elements by
the liquid alloy is reduced, as compared with the unalloyed
pure evaporation species. Conventionally, the alloy has
been chosen to be of eutectic or near-eutectic composition.
A eutectic reaction depresses the liquidus temperature of
any of the reactants, to an intermediate melting point,
which is the composition at which that ligquid can exist to
the lowest temperature without formation of any solid. The
use of a eutectic or near-eutectic composition in a liquid

L)
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metal ion source allows the source to be operated with the
liquid alloy at a minimum temperature, thereby reducing the
corrosion rate of the alloy on the evaporation source
elements. Both the desired species and the alloying ele-
ments are ion evaporated from the source, but the desired
species may be selected for implantation using a velocity
filter which acts as. a mass separator to pass only the
selected species. '

A further important consideration in the selection
of liquid metal ion source alloys is the wetting of the
source elements by the alloy. The alloy must wet the
evaporation elements sufficiently so that it forms a liquid
layer on the evaporation elements, and so that additional
metal can flow from the reservoir to the needle tip during
cont inuous ‘evaporation runs. The attainment of sufficiently
good wettability and minimization of corrosion are difficult
to achieve simultaneously in many instances.

In the fabrication of semiconductor microcircuit
devices using ion implantation techniques, it would often be
desirable to be able to ion evaporate useful currents of
several different ionic species from a single source. Such
multiple evaporation capability would allow the sequential
or simuitaneous implantation of different ionic species into
an area of a device, with extreme accuracy and control of
lateral and vertical implantation profiles, since neither
the target nor the ion source would be changed, replaced or
physically adjusted during the process. Self-aligned
implantations and laterally profiled dopants could then be
routinely fabricated, thus allowing the fabrication of
innovative device structures.

For the fabrication of silicon-based microcir-
cuits, it would be particularly useful to have an ion source
capable of simultaneously evaporating arsenic ions for n-
type shallow, heavy implants, and boron for p-type implants.
It would also be desirable to have a source capable of
implanting arsenic and boron ions, and in addition implant-
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ing phosphorus ions for n-type deep implants. There have
been proposed no ion sources capable of simultaneously ion
evaporating arsenic, boron and phosphorus, and previously
reported sources evaporating both boron and arsenic had
dnacceptably low yields of one species and/or short life-
times. Sources are known to ion evaporate individual ions,
such as arsenic, but no sources have been proposed for
simultaneously evaporating the combinations of ions indi-
cated above. Experimental and theoretical studies have
indicated that simultaneous, continuous evaporation of
multiple ionic species of interst would be difficult or
impossible, since the ions inherently exhibit different
evaporation threshold voltages. Thus, for example, the
evaporation threshold voltage for boron ions is approximate-
ly twice that of arsenic ions, and prior work such as
disclosed in U.S. Patent 4,367,429 suggests that simulta-
neous evaporation'of such differing species would not
occur. Finally, in an attempt to provide an ion source for
simultaneously evaporating multiple species, the usual
considerations of wetting and inhibition of corrosion of the
emission elements must be satisfied in a more complex
alloy.

Consequently, there has been provided no practi-
cal ion source for the simultaneous evaporation of multiple
ionic species of interest, including arsenic-boron, arsenic-
phosphorus, and arsenic-boron-phosphorus. The sources and
alloys used therein would desirably allow the operation of
the source under stable operating conditions for 1long
periods of time without adverse corrosive effects. The
present invention provides such an ion source, and further
provides related advantages.

s
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SUMMARY OF THE INVENTION

The present invention provides a liquid metal
ion source and alloy for the simultaneous evaporation of
multiple ionic species of use in the ion implantation of
silicon-based devices. In particular, there is provided a
source for the simultaneous ion evaporation of arsenic and
boron, arsenic and phosphorus, or arsenic, boron and phos-‘
phorus. The alloys wet the materials of construction of the
emission elements of the ion source, allowing continuous
flow operation. The ion evaporation process is sufficiently
stable that control of evaporation may be achieved in
standard apparatus. The corrosive effects are sufficiently
small that the ion source may be operated for long periods
of time in éommercial ion implantation operations.

In accordance with the invention, a ligquid metal
ion source comprises emission means for emitting positively
charged ionic species; and source means for supplying to the
emission means the ionic species to be emitted, the species
being provided in a substantially nickel-free alloy consist-
ing essentially of palladium, arsenic, and at least one
element to be co-emitted, the element being selected from
the group consisting of boron, phosphorus, and combinations
thereof. The alloy is preferably at least S50 atomic percent
palladium, and most preferably about 70 atomic percent
palladium.

In another aspect of the invention, one such alloy
for the simultaneous evaporation of arsenic and boron
includes palladium, arsenic and boron. A preferred alloy of
this type contains about 70 atomic percent palladium, 16
atomic percent arsenic, and 14 atomic percent boron. 1In
another aspect, an alloy useful for the simultaneous evapo-

ration of arsenic, boron and phosphorus includes palladium,
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arsenic, boron and phosphorus. Most preferably, this alloy
contains about 73 atomic percent palladium, 8 atomic percent
arsenic, 7 atomic percent boron, and 12 atomic percent
phosphorus.

The alloys providing the species for ion evapo-
ration are used in conjunction with ion sources having a
conventional construction, wherein the emission means
is a needle emitter and the source means is a U-shaped
heater element in which a reservoir of the molten metal is
formed by resistance heating. The source alloy containing
the species for ionic evaporation is prepared by any con-
venient method and then loaded into the ion source in a
finely divided form. The source is heated by the passage
of electrical current through the U-shaped heater element,
and ions are drawn off the tip of the needle by an extract-
ion electrode, thence passing into an ion optical column or
other appropriate apparatus for conditioning the ion beam
and controlling the implantation. Although the ion source
simultaneously evaporates multiple species, a single species
may be selected for implantation by passing the ion beam
through a mass separator so that only the selected species
is allowed to impact the target.

It will now be appreciated that the ion source
of the present invention represents an important advance in
the development of commercial ion implantation technology.
A single ion source may be used for the evaporation of
multiple ionic species of interest, so that the source does
not have to be changed between processing steps involving
implantation of different ions. The source is stable with a
reasonably long operating lifetime. Other features and
advantages of the present invention will become apparent
from the following more detailed description, taken in
conjunction with the accompanying drawings, which illustrate,
by way of example, the principles of the invention.

“
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a perspective view of one type of
liquid metal ion source structure;

FIGURE 2 is an enlarged cross-sectional view of
a detail of FIGURE 1, illustrating the point of the emitter
needle;

FIGURE 3 is a schematic sectional side view of
a scanning ion probe employing a liquid metal ion source;

FIGURE 4 is a mass spectrum of a palladium-arsenic-
boron liquid alloy which has been ion emitted from a tungsten
needle; and.

FIGURE 5 is a mass spectrum of a palladium-

arsenic-boron-phosphorus alloy which has been ion emitted
from an tungsten needle.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a ligquid metal
ion source, indicated generally by the numeral 10 in
FIGURE 1. The ion source 10 includes an ion evaporation
substrate needle 12 typically having a tip radius of less
than about 20 micrometers and an apex half angle of less
than about 49.50, which extends through a hole (not visible)
at the lower end of a generally U-shaped heater element 14.
The heater element 14 is in the form of a U-éhaped ribbon
which may incorporate an embossed crease 16 in each leg
thereof to increase the columnar strength of the heater
element 14. If used, the crease 16 approaches an apex bend
18 at the lower end of the heater element 14, but does not
enter the region of the apex bend 18 itself. Ion source
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alloy (in powdered, chip, or otherwise finely divided form)
is placed in the apex bend 18 of the heater element 14 and
an electrical current, produced by a voltage VH, is passed
through this heater element 14, so that the alloy melts and
naturally forms a reservoir 19 'of liquid metal in the apex
bend 18 of the heater element 14. The reservoir 19 remains
anchored in the apex bend 18 under the influence of gravity
because surface tension tends to minimize the meniscus 20
of liquid metal.

The needle 12 passes through a non-circular
hole (not visible) in the heater element 14, so designed as
to allow liquid metal to flow to a needle tip 22 yet still
retain the needle 12. In proper operation of the ion
source 10, heating of the heater element 14 melts the metal
in the reservoir 19 to wet the inner surface of the apex
bend 18 of the heater element 14. The molten metal conducts
heat to the needle 12 so that the molten metal is wet to
the needle 12. Ultimately, the molten metal flows along
the needle 12 to the needle tip 22, for subseguent ion
evaporation.

Referring to FIGURES 1 and 2, the liquid source
metal flows from the reservoir 19 located in the apex bend
18 toward the tip 22 of the needle 12, forming a liquid
layer 24 along the tip 22 of the needle 12. At the very tip
of the needle 12, where the liquid layers 24 from the sides
of the needle 12 meet, the action of an applied external
electrostatic field, produced by an extraction electrode 28,
draws the liquid layers 24 downwardly to form a cusp 26.
The ions emitted by the ion source 10 are preferably emitted
only from the cusp 26, located adjacent to the extreme end
of the needle tip 22, so that ions appear to emanate from a
point source of extremely small dimensions. Positively
charged ions are drawn from the cusp 26 by an electro-
static field set up between the ion source 10 and the
extraction electrode 28 through the application of a
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voltage VE' Ions leave the cusp 26 and pass through a
hole 27 in the extraction electrode 28. With this con-
figuration, the current density of emitted ions at the cusp
26 can be very large, typically on the order of lO4 amps
per square centimeter per steradian.

The liquid layer 24 must flow from the reservoir
19 located in the apex bend 18 down the surface of the
needle 12 to the cusp 26, for emission to be initiated and
sustained. However, it is often difficult to initiate and
sustain a flow of metal from the reservoir 19, and it is
also sometimes difficult to initiate and sustain a wetted
flow of source metal in the layer 24 along the needle 12
because of difficulty in wetting the alloy to the substrate.
On the other hand, if wetting is too extensive, a chemical
interaction between the molten metal and the solid sub-
strate can .result in corrosion of the substrate, so that
portions of the substrate are dissolved. As a result,
pits, cracks, or fissures can form in the needle tip 22,
the needle 12 may fail entirely, or multiple cusps may be
formed due to the corrosion geometry, so that the source 10
cannot be properly focused.

FIGURE 3 illustrates one important use of ligquid
metal ion sources of the type illustrated in FIGURES 1 and
2. The ion source 10 is mounted in a scanning ion probe 30.
The extraction electrode 28, which is negatively biased with
respect to the needle 12 by the voltage VE' draws ions out
of the cusp 26, to form an ion beam 32. A small portion of
this beam 32, typically about 1 milliradian, is allowed to
pass through an aperture 34 into the optics section of the
scanning ion probe 30. A transmitted beam 36 emerging from
the aperture 34 is passed through accelerating electrodes 38
which increase the energy of the beam 36, as the second
accelerating electrode 38b is negatively biased with respect
to the first electrode 38a by a voltage VL
beam 36 then passes through electrostatic deflection elec-

. The converging

trodes 40 wherein the beam is deflected from side-to-side to
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move in a scanning fashion across the surface of a target
42. The transmitted beam 36 can then be used to write
various patterns upon the surface of the target 42 in the
form of ion implanted zones of controllable shape and type.
The beam may also be used to ion machine very narrow grooves
or very small holes. Through the incorporation of a secon-
dary electron detector (not shown), the beam may be used to
image the target in a fashion similar to that of a scanning
electron microscope. Finally, through the incorporation of
a secondary ion mass spectrometer (not shown), the micro-
composition of a very small region located on the target 42
may be analyzed in both a qualitative and quantitative
manner.

Preferably, there is also provided an E x B mass
separator 44 to deflect ions of differing masses by differ-
ing amounts. The mass separator 44 is preferably a Wein
velocity filter which acts as a mass separator because of
the very low energy spread of the beam obtained from a
liquid metal ion source when properly operated. The mass
separator 44 is preferably positioned between the extraction
electrode 28 and the aperture 34, and includes means to
produce magnetic and electrical fields within the mass
separator 44. The fields within the mass separator 44
deflect the moving ions passing therethrough by amounts
which are related to the mass, velocity and charge of the
ions in the beam. By varying the strength of the magnetic
and electrical fields and the positioning of the mass
separator 44, it is possible to allow only a single desir-
able species to pass through the aperture 34 to be implanted
in the target 42, while all other species are deposited on
the upper side of the aperture 34. FIGURES 4 and 5 il-
lustrate the mass spectra of beams of ions from palla-
dium-arsenic-boron and palladium-arsenic-boron-phosphorus
sources, respectively, plotting the relative target currents
as a function of the relative plate voltage of the mass
separator 44. It is apparent that ions of particular types
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and charge states may be selected by setting the plate
voltage to correspond to the peak for the selected ion.

In preparing an ion source for arsenic and boron
ionic species, the source means containing the species to be
evaporated as ions includes an alloy consisting essentially
of palladium, arsenic and boron, the alloy being substant-

~ ially free of any nickel. Where the palladium content is
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less than about 50 atomic percent, the ion source is oper-
able and stable in emitting both boron and arsenic, but
exhibits a relatively short lifetime of 6-10 hours. Since
source operating lifetimes of at least 50 hours are desir-
able, it is preferred that a higher palladium content be
utilized. Specifically, palladium contents of about 70
atomic percent have been found highly satisfactory to
produce stable, long lifetime ion sources, as will be
described more fully in the examples present below.

The most preferred source alloy for the simul-
taneous evaporation of arsenic and boron has about 70 atomic
percent palladium, 16 atomic percent arsenic, and 14 atomic
percent boron. FIGURE 4 illustrates the mass spectrum for a
source having a rhenium heater ribbon and a tungsten emitter
needle. Usable currents of both boron and arsenic, in each
of several ionic forms, are obtained. The beam is approxi-
mately stoichiometric in palladium content, although the
arsenic content of the beam is measured to be greater than
that of the source alloy and the boron content of the beam
is measured to be less than that of the source alloy. This
result is not surprising, since the theory of field evapo-
ration suggests that species having the lowest field thresh-
olds will be preferentially ion evaporated. The field
thresholds of palladium, arsenic and boron are estimated to
be, respectively, 3.8 V/A (volts per angstrom), 4.55 V/A
and 6.5 V/A. The theory of field ion evaporation also
suggests that doubly ionized species of some atoms are
preferentially emitted over singly ionized species. In view
of these predictions, it is unexpected that palladium-
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arsenic-boron sources would produce any usable current of
boron ions. For the results shown in FIGURE 7, the angular
current intensities are determined to be 5 micro amps per
steradian for as*t and 1.5 micro amps per steradian for
llB+, at a total extraction current of 20 microamps.

For achieving the simultaneous ion evaporation of
arsenic, boron and phosphorus, the source means containing
the species to be evaporated as ions is an alloy consisting
essentially of palladium, arsenic, boron and phosphorus, and
is substantially nickel-free. A first presently preferred
source alloy contains about 73 atomic percent palladium, 8
atomic percent arsenic, 7 atomic percent boron, and 12
atomic percent phosphorus; and a second preferred alloy
contains about 64 atomic percent palladium, 11 atomic
percent arsenic, 9 atomic percent boron, and 16 atomic
percent phosphorus. When evaporated from an ion source
including a tungsten needle and tungsten heater, the secoﬁd
preferred alloy produces the mass spectrum illustrated in
FIGURE 5. The source is stable with a relatively long
lifetime. As with the source described previously for
arsenic and boron ions, the source for arsenic, boron
and phosphorus ions produces useable currents of all three
species, with the arsenic and boron composition of the beam
slightly greater than that of the liguid source alloy, and
the boron content of the beam slightly less than that of the
source alloy. It would be desirable that the beam compo-
sition be identical with that of the molten source alloy,
but again it is unexpected that usable currents of all
three species are obtained simultaneously.

It is particularly noteworthy in FIGURE 5 that
substantial currents of P++ are obtained. Phosphorus is an
n- dopant used to adjust the threshold for FET devices and to
set a deep well for subsequent base implants in vertical npn
bipolar devices. For deep implants, a high fraction of ptt
is desirable, and the ion source of the present invention

: ++
provides a usable current of P ions.

o
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It is important that the source alloy be sub-
stantially free of nickel. Tests with palladium-nickel-
arsenic-boron alloys have indicated that arsenic and boron
can be simultaneously emitted from this alloy, but that the

5 nickel in such a molten soutce alloy tends to corrode the
tungsten emitter needles and ribbons very rapidly, greatly
limiting the lifetime of the ion source. It had previously
been thought that nickel must be included in such source
alloys to insure wetting of the emission elements by the li=-

10 - quid source alloy, but it has been found that the palladium-
arsenic-boron and palladium-arsenic-boron-phosphorus alloys
of the present invention are acceptably wetted to the
emission needles and ribbons, without corrosively attacking
them. ‘

15 The operability, wettability, and long lifetime of
the source alloys of the present invention cannot be pre-
dicted from the behavior of related binary alloys. It is
well known that platinum-boron and nickel-boron alloys
chemically react rapidly with tungsten and rhenium, to

20 rapidly corrode these candidate emitter and ribbon materials.
Related binary alloys also do not produce acceptable wetting
characteristics. An alloy of 75 atomic percent palladium
énd 25 atomic percent phosphorus is too fluid to be used as
a source alloy, since when melted such an alloy runs to the

25 tip of the needle emitter and then drops off. An alloy of
72 atomic percent palladium and 28 atomic percent boron has
too high a viscosity for use as a source alloy, since such a
binary alloy forms balls oh the needle and will not flow to
the needle tip, resulting in improper emission characteris-

30 tics. .

Ion source alloys in accordance with the in-
vention may be prepared and supplied to the emission means
in any appropriate manner. In one approach, pieces of the
constituents are placed into a crucible and melted. The

35 emission means can be loaded by dipping it into the melt.
This approach is not preferred, since arsenic is easily lost
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from unconfined melts, and because of the expense of prepar-
ing the alloys. i

In a preferred approach, previously prepared pieces
of related compounds are placed into a sealed quartz ampoule,
and the ampoule is then heated to melt the pieces contained
therein. For exaﬁple, a palladium-arsenic-boron alloy can
be prepared by mixing appropriate fractions of palladium-
arsenic and palladium-boron alloys that have been previously
prepared. After solidification and cooling of the melt, the
alloy may be readily broken into small pieces which can then
be placed into the ion source, and supported in the U-shaped
apex bend lé of the heater element ribbon 14. Similarly, a
palladium-arsenic-boron-phosphorus alloy is prepared by com-
bining appropriate amounts of powdered alloys of palladium-
arsenic, palladium-boron, and palladium-phosphorus.

The following examples are presented to illustrate
aspects of the invention, and are not to be taken as limit-
ing the scope of the invention in any respect.

Example 1
An alloy containing 50 atomic percent palladium,

25 atomic percent arsenic and 25 percent boron was prepared,
and ion evaporated using a tungsten needle and a tungsten
heater ribbon. The ion source operated well, with sufficient
stability for a mass spectrum of the ion beam to be obtained.
Both boron and arsenic were observed in the beam. However,
the tungsten needle and heater ribbon were corroded in 6-10
hours, which is marginally acceptable for a commercial ion

source.

Example 2 )
A source alloy of 70 atomic percent palladium,

16 atomic percent arsenic and 14 atomic percent boron was
prepared by heating the appropriate fractions of powdered
szAs and PdBR alloys in a quartz ampoule. The resulting
alloy was broken into small pieces and loaded into an ion
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source having a tungsten needle and a tungsten heater
ribbon. The source ran well, with good stability. Both
boron and arsenic were observed in the mass spectrum of the
beam. After about twenty hours operation, however, the
boron content in the ion beam decreased to about 30 percent
of its original value. Additional alloy was then loaded
into the ion source, but the boron content of the beam was
not increased significantly. It is believed that the
decrease in the boron fraction in the beam is due to disso-
lution of boron into the tungsten heater ribbon (which
operates at a higher temperaﬁure than the tungsten needle).

Example 3

Example 2 was repeated, except that the tungsten
heater ribbon was replaced by a rhenium heater ribbon. The
resulting ion source was stable, and both boron and arsenic
were observed in the mass spectrum of the beam, as illus-
trated in FIGURE 4. The boron content remained substant-
ially constant with time, probably due to the lower rate of
attack of liquid metals on rhenium than on tungsten.

Example 4

Fifteen of the ion sources prepared as deséribed in
Example 3 were fabricated and tested. All of the sources
ran well, with a high degree of stability so that adjust-
ments to the operating parameters of the source had to be
made only infrequently. All fifteen of the sources exhibited
operating lifetimes of greater than 50 hours, and tests were
terminated only because the source alloy was depleted
through ion evaporation. In seven instances, the ion
sources were reloaded with the source alloy, and operation
of the ion source was resumed. These sources ran over 150
hours, and the tests were terminated without failure of the
ion sources. The emitter needle and heater ribbons of some
of these sources, operated for 150 hours, have been examined
in a scanning electron microscope, and there was no apparent
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corrosion of either the needle or ribbon. It is therefore
believed that the alloy sources of this example could
operate to substantially greater lifetimes without failure.

Example 5

An alloy containing 40 atomic percent palladium,
40 atomic percent nickel, 10 atomic percent arsenic, and 10
atomic percent boron was fabricated. This alloy is not
within the scope of the invention, in that it contains a
substantial nickel content. An ion source was prepared
using this source alloy, together with a tungsten needle and
tungsten heater ribbon. Although the ion source did operate,
it was unacceptable for two reasons. First, the presence of
nickel resulted in rapid corrosion of the tungsten and
failure of-the ion source. Second, the amount of boron
found in the ion beam was unacceptably iow, and therefore
this ion source (having less than 50 atomic percent palla-
dium) was unacceptable for the simultaneous ion evaporation
of arsenic and boron.

Example 6 ,
A source alloy of 64 atomic percent palladium,

11 atomic percent arsenic, 9 atomic percent boron, and 16
atomic percent phosphorus was prepared by heating the appro-
priate ratios of previously obtained powdered alloys of
szAs, Pd.?ZB.ZB and Pd3P in a sealed quartz ampoule.
The resulting alloy was broken into pieces and loaded into
an ion source having a tungsten needle and a tungsten heater
ribbon., A stable mass spectrum was obtained, as illustrated
in FIGURE 5, including a significant amount of P++ ions.
The source operated in a stable fashion, and there was no
apparent deterioration of the tungsten source elements.

As can now be appreciated, the present invention
provides liquid metal ion sources for the simultaneous ion
evaporation of arsenic and boron ions, and of arsenic,

boron and phosphorus ions. The ability to evaporate
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combinations of different ions of practical interest in the
semiconductor industry is highly significant, in that
self-aligned ion implants can be accomplished with a high
degree of accuracy, spatial resolution and reproducibility,
because the ion beam source need not be changed in order to
implant the various ionic species. That is, a source
evaporating two or more elements simultaneously can be
adjusted to implant a first evaporated species and then a
second evaporated species without changing the operation of
the source, and only by changing the settings of the mass
separator. The alloys of the present invention allow the
simultaneous ion beam evaporation and implantation of the
ionic species of interest with a high degree of operating
stability, and high beam fractions of each of the ionic
species. Moreover, the sources have extended operating
lifetimes, which are necessary for commercial operations.
The sourcé alloys can be ion evaporated from emitter needles
and ribbons, or other source elements, made of conventional
source materials such as tungsten and rhenium, without the
need for the expensive specialized fabrication of exotic
materials. Thus, the present invention provides an ion
source meeting the requirements of commercial operations,
which is capable of simultaneously ion evaporating arsenic
and boron, or arsenic, boron and phosphorus.

Although a partichlar embodiment of the invention
has been described in detail for purposes of illustration,
various modifications may be made without departing from
the spirit and scope of the invention. Accordingly, the
invention is not to be limited except as by the appended
claims.
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WHAT IS CLAIMED IS:

1. A liquid metal ion source, comprising:

emission means for emitting positively charged
ionic species; and

source means.for supplying to said emission means
the ionic species to be emitted, said species being provided
in a substantially nickel-free alloy consisting essentially
of palladium, arsenic, and at least one element to be
co-emitted, said element being selected from the group
consisting of boron, phosphorus, and combinations thereof.

2. The ion source of claim 1, wherein said alloy in-
cludes at -least 50 atomic percent palladium.

3. The ion source of claim 1, wherein said alloy in
cludes about 70 atomic percent palladium.

4, The ion source of claim 1, wherein said alloy
contains palladium, arsenic and boron.

5. The ion source of claim 1, wherein said alloy
is about 70 atomic percent palladium, 16 atomic percent
arsenic, and 14 atomic percent boron.

6. The ion source of claim 1, wherein said alloy
contains palladium, arsenic and phosphorus.

7. The ion source of claim 1, wherein said alloy
contains palladium, arsenic, boron and phosphorus.

8. The ion source of claim 7, wherein said alloy
is about 73 atomic percent palladium, 8 atomic percent
arsenic, 7 atomic percent boron, and 12 atomic percent
phosphorus.
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9. The ion source of claim 1, wherein said emission
means includes a needle emitter constructed of tungsten, and
said source means includes a U-shaped heater element con-
structed of rhenium.’

10. A liquid metal ion source for arsenic and boron

ionic species, comprising:
emission means for emitting positively charged

ionic species; and

5 source means for supplying to said emission means
the ionic species to be emitted, said species being provided
in a substantially nickel-free alloy consisting essentially
of palladium, arsenic and boron, whereby arsenic and boron
ions are simultaneously ion evaporated from said source.

11. A liquid metal ion source for arsenic, boron,
and phosphorus ionic species, comprising:
emission means for emitting positively charged
ionic species; and.

5 source means for supplying to said emission
means the ionic species to be emitted, said species being
provided in a substantially nickel-free -alloy consisting
essentially of palladium, arsenic, boron -and phosphorus,
whereby arsenic, boron and phosphorus are simultaneously

10 ion evaporated from said source.
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