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METHODS OF IMPLANTING FONS AND ION SOURCES USED FOR SAME

Cross Reference to Related Applications

This application is a cont.inuation—in-pai:t of U.S. Patent Application Ser. No.
11/342,183, titled “Methods of Implanting Jons and Yon Sonrces Used for the Same” filed
.Tanuary 28, 2006.

Field of Invention

The invention relates generally to ion implantation and, more particularly, to ion

sources that use a boron-based source feed gas and methods associated with the same.

Background of Invention

Ion implantation is a conventional technique for introducing dopants into materials
such as semiconductor wafers. Dopants may be implanted in a material to form regions of
desired conductivity. Such implanted regions can form active regions in resulting dcvig:cs
(e.g., semiconductor deviceé). Typically, during ion implantation, a source feed gas is
ionized in an ion source. The ions are emitted from the source and may be accelerated to a
selected energy to form an jon beam. The beam is directed at a surface of the material and
the impinging ions penetrate into the bulk of the material and function as dopants that
increase the conductivity of the material.

'Conventional ion sources may have limitations under certain. implantation
conditions. For example, conventional ion sources may operate inefficiently at low
extraction energies and/or low beam currents which may be‘used in implantation processes
that form implanted regions having ultra-shallow junéﬁon depths. Asa result; long implant
times may be needed to achieve a desired implantation dose and, thus, throughput is
adversely affected.

Su of Invention
Ton implantation methods and ion sources used for the same are provided.

In one aspect, a method of 1mp1ant1ng jons is provided. The method comprises
generating C;BgH, ions from C,BoH;2 and implanting the C2B,0H, ions in a material.
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In another aspect, an ion source is provided. The ion source comprises a chamber
housing defining a chamber and a source feed gas supply configured to introduce C,BoH1,
into the chamber, wherein the ion source is configured to ionize the source feed gas within
the chamber into CsB,oH, ions.

Other aspects, embodiments and features of the invention will become apparent from
the following detailed description of the invention when considered in conjuncton with the
accompanying drawings. The accompanying figures are schematic and are not intended to
be drawn to scale. In the figures, each identical, or substantially similar component that is A
illustrated in various figures is represented by a single numeral or notation. For purposes of
clarity, not every component is labeled in evéry figure. Nor is every component of each
embodiment of the invention shown where illustration is not necessary to allow those of
ordinary skill in the art to understand the invention. All patent applications and patents
incorporated herein by reference are incorporated by reference in their entirety. In case of

conflict, the present specification, including definitions, will control.

Brief Description of the Drawings

FIG. 1 illustrates an jon implantation system according to an embodiment of the

invention,
FIG. 2 illustrates an ion source according (o an embodiment in the invention.

FIG. 3 is a plot of optimal mass spectrum for carborane for use in ion implantation.

Detailed Description

Methods of ion implantation and ion sources used for the same are provided. The
methods involve generating jons from a source feed gas that comprises multiple elements.
For example, the source feed gas may comprise boron and at least two other elements. As
described further below, the use of such source feed gases can lead to a number of
advantages over certain conventional processes including enabling use of higher implant
energies and beam currents when forming implanted regions having ultra-shallow junction
depths. Also, in certain embodiments, the composition of the source feed gas may be

selected to be thermally stable at relatively high temperatures (e.g., greater than 350 °C)
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which allows use of such gases in many conventional ion sources (e.g., indirectly heated
cathode, Bernas) which generate such temperatures.

FIG. 1 illustrates an ion implantation system 10 according to an embodiment of the
invention. The system includes an ion beam source 12 that generates an ion beam 14 which
is transported through the system and impinges upon a wafer 16. The ion beamn source
includes a source feed gas supply 17. The source feed gas supply may generate the source
feed gas from a source feed material, as described further below. Source feed gas from the
supply is introduced into the ion beam source and is ionized to generate ionic species. As
described further below, the source feed gas may comprise boron and at least two other
elements (e.g.. X:ByY.) according to certain embodiments of the invention. In the
illustrative embodiment shown in FIG. 1, an extraction electrode 18 is associated with the
jion beam source for extracting the ion beam from the source. A suppression electrode 20
may also be associated with the ion source. '

The implantation system further includes a source filter 23 which removes undesired
species from the beam. Downstream of the source filter, the system includes an
acceleration/deceleration columu 24 in which the ions in the beam are
accelerawed/decelerated to a desired energy, and a mass analyzer 26 which can remove
energy and mass contaminants from the ion beam through use of a dipole analyzing magnet
28 and a resolving aperture 30. A scanner 32 may be positioned downstream of the mass
analyzer and is designed to scan the ion beam across the wafer. The system includes an
angle corrector magnet 34 to deflect ions to produce a scanned beam having parallel ion
trajectories.

During implantation, the scanned beam impinges upon the surface of the wafer
which is supported on a platen 36 within a process chamber 38. In general, the entire path
traversed by the ion beam is under vacuum during implantation. The implantation process is
continued until regions having the desired dopant concentration and junction depth are
formed with the wafer.

1t should be understood that features of the invention may be used in conjunction
with any suitable ion implantation system or method. Accordingly, the system illustrated in
FIG. 1 may include modifications. I some cases, the system may include additional

components than those illustrated. In other cases, systems may not include all of the

PCT/US2007/001271
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illustrated components. Suitable systems include implanters having a ribbon beam
architecture, a scanned-beam architecture or a spot beam architecture (e.g., systems in which
the ion beam is static and the wafer is scanned across the static beam). For example,
suitable implanters have been described in U.S. Patent Nos. 4,922,106, 5,350,926 and
6,313,475. . .

Though in some embodiments, it may be preferred to use ion sources of the
invention in methods that form ultra-shallow junction depths (e.g., less than 25 nanometers),
it should be understood that the invention is not limited in this regard. It should also be
understood that the systems and methods may be used to implant ions in a variety of
materials including, but not limited to, semiconductor materials (e.g., silicon, silicon-on-
insulator, silicon germanium, III-V compounds, silicon carbide), as well as other material
such as insulators (e.g., silicon dioxide) and polymer materials, amongsr.vothers.

As described above, source feed gas supply 17 introduces a source feed gas into the
ion beam source. The source feed gas may comprise boron and at least two additional
elements (i.e., elerments that are different pk{an boron and each other). In general, the
‘additional (i.e., non-boron) elements of the source gas may be any suitable element
including carbon, hyﬁrogen, nitrogen, phosphorous, arsenic, antimony, silicon, tin, and
germanium, amongst others. In some embodiments, it may be preferred that the source gas
comprise boron, hydrogen and carbon. It should be understood that the source gas may also
include more than two additional elements.

In general, the source feed gas may have any suitable chemical structure and the
invention is not limited in this regard. For example, the source feed gas may be represented
by the general formula XBY, wherein B represents boron, and X and Y each represent at
least one different element. In some cases, X and/or Y may represent single elements (e.g.,
X =C.Y =H); and, in other cases, X and/or Y may represent more than ohe element (e.g.,
X = NHa, NH3, CH3). Also, it should be understood that the source feed gas XBY may be
represented by other equivalent chemical formulas that, for example, may include the same
elements in a different order such as BX'Y (e.g., B:N3Hg) or XYB. In some embodiments,
the source feed gas may be represented by the X,B, Y., wherein a> 0, b >0 and ¢ >0. It

should be understood that in each chemical formula herein, a, b and ¢ are greater than zero.
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In some cases, it may be preferred that Y in the above-noted formulas represents at
least hydrogen (e.g., the source feed gas comprises X;ByH.). It should be understood that, in
some embodiments, derivatives of X,ByH, may be used which contain other elements or
groups of elements (e.g., CH3) which replace hydrogen at X and/or B sites. The substituents
may be any suitable inorganic or organic species.

In some cases, it may be preferred that X in the above-noted formulas represents at
least carbon (e.g., the source feed gas comprises C,BpHc). It should be understood that, in
some embodiments, derivatives of C,ByH. may be used which contain other elements or
groups of elements which replace hydrogen ét C and/or B sites). The substituents may be
any suitable inorganic or organic species. In some cases, it may be preferred that the source
feed gas comprise CaBoH 2.

In other embodiments, X in the above-noted formulas may be one or more of N, P,
‘As, Sb, Si, Ge or Sn. For example, the source feed gas may comprise N.By Y, (e.g.,
N.B10Hi2 or B3NaHe), N.BuH,, P,BuHc, As,BpHe, St.BrH., SisByHc, Ge.BuH and Sn,BpH..
It should be understood that, in some embodiments, other elements or groups of elements
may replace hydrogen at the X and/or B sites.

X and Y are typically selected so as not to introduce species that impart overly
undesirable properties to the material which, for example, impair device performance. Such
species may include sodium, iron and gold, amongst others.

The source feed gas may be ionized to form a variety of different ion species. The
ion species may include the same, or similar, boron content as the source feed gas. The ion
species may also include the additional elements presentin the source feed gas. For
example, a source feed gas comprising X;Bp Y, (e.8., X,ByH.) may be ionized to form ion
species comprising X BuYo"' (e.g., X-BoH. ") or X.BpYc* (e.g., X.BoH.*'). When the source
feed gas comprises C;B)oH12, some ionic species produced include, for exarnple,
(C2Bj3oH12)" or (C2BioH12). Some other ionic species of CoBoHi2 may include species
derived from C,B1oH 12, such as, for example, (C2BoHs)*. 1t should also be understood that
the ion species may include boron and only one of the elements (e.g., Y). In some
embodiments, systems of the invention include mechanisms for selecting desired ionic

species from those produced for the ion bearn and subsequent irmplantation.



10

15

20

25

30

WO 2007/087212 PCT/US2007/001271

. _6_
It may be preferred that the source feed gas has a relatively high molecular weight

~which can 1ead to formation of ions alSo having relatively high molecular weight(s).” For
example, it may be possible 10 produce ions having the desired molecular weight by
appropriately selecting the ionization conditions. The implant depth of an ion depends on
the implantation energy and its molecular weight. Increasing the molecular weight of an ion
allows use of higher implant energies to achieve the same implant depth. Thus, using source
feed gases having a relatively high molecular weight can enable formation of ultra-shallow
junction depths (e.g., less than 25 nm) at implant energies sufficiently high to allow
operation at desirable efficiency levels. For example, when ionic species comprising
(C:B1oH11)" are implanted, a relatively high implant energy (e.g., 14.5 keV) may be used. In
this embodiment, the equivalent boron implant energy is about 1 keV (for the case when all
of the boron atoms are present.as ''B so that (C,B1oH ;)" has a weight of 145 amu). In some
cases, it is preferred o use equivalent boron implant eﬁergies of less than 5 keV; and, in
some cases, equivalent boron implant energies of less than 1 keV.

Molecular weight of the source feed gas (and the ionic species which are implanted)
is determined by the number and type of atoms in the composition. In some cases, it is
preferable for b in the above-noted formulas to be greater than 2; or, more preferably, B
greater than 8. In some cases, it is preferable for c in the above-noted formulas to be gréatcr
than 2; or, more preferably, greater than 8. In some embodiments, it is preferred for the
molecular weight of the source feed gas (and the ionic species which are implanted) to be
greater than 50 amu;, or, in'some cases, greater than 100 amu (e.g., about 120 amu).

It should be understood that the above-noted source feed gas compositions may be
present in different isomeric forms. That is, the gases may have the same chemical formula,
while having a different chemical structure. For example, the source feed gas comprising
CoB)oH )2 may be present as ortho-, meta-, or para-carborane fonns. It should also be
understdod that the source feed gas may be present in different derivative forms.

Also, it should be understood that boron (or any other element) may be present in the
source feed gas in any suitable isotope form including the naturally occurring form (e.g., ''B
—80%, '°B —20%) . For example, boron may be present with an atomic weight of 11 (i.e,,

YB) or an atomic weight of 10 (i.e., '“B). In some cases, substantially all of the boron in the
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source feed gas may be a single isotope 'B or !’B. The invention is not limited in this
regard.

In some cases, theé source feed gas has a relatively high decomposition temperature.
The decomposition temperature is determined, in part, by the stability of the chemical
structure. The composition and structure of the source feed gas may be selected to provide
thermal stability at relatively high temperatures (e.g.. greater than 350 °C) which allows use
of such gases in many conventional ion sources (e.g., indirectly heaied cathode, Bernas)
which generate such temperatures. For example, the decomposition temperature of the
source feed gas may be greater than 350 °C; in some cases, greater than 500 °C; and, in
some cases, greater than 750 °C. In particular, source feed gases that comprise boron and at
least two additional elements may be suitable for use in conventional ion sources in which
relatively high temperature (e.g., greater than 350 °C) are used. However, it should be
understood that the decomposition temperature depends on the specific source feed gas used
and the invention is not limited in this regard. N

In some cases, the source feed gas supply supplied to the ion source is generated
directly from a source feed material. In these cases, the source feed gas may be generated in .
any suitable manner. In some cases, the source feed material may be a solid and, for
example, be in a powder form. In other embodiments, the source feed material is a liguid.
The source feed gas can be produced via a sublimation and/o; evaporaiioni step of a maternial
that comprises boron and at least two additional elements. 1t should aJso be understood that
the source feed gas may be conventionally available in gaseous form and can be directly
supplied w0 the ion source without the need for the separate generation step. The manner in
which the source feed gas is generated and/or supplied depends, in part, on the composition
of the source feed gas. C

In some embodiments, the source feed material comprises boron and at least two
additional elements including any of the compositions noted above. In some of these
embodiments, the sowrce feed gas generated from the source feed material also comprises
boron and at least two additional elements (e.g., XBY wherein Y is not hydrogen). In
embodiments in which the source feed gas includes boron and a single element, the ion

species generated may also include boron and only the single element (e.g., Y), where Y is
not hydrogen. '
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In some embodiments, the source feed gas comprising boron and at least two
additional elements is a single gaseous compound. That is, the source feed gas is provided
as a single gaseous composition . In other embodiments, the source feed gas may be a
mixtare of more than one type of gas which pfovides the source feed gas composition of
boron and at least two additional elements. The more than one type of gas may be mixed
prior to entering the ion source or inside of the ion source chamber.’

FIG. 2 illustrates ion beam source 12 according to one embodiment of the invention.
Though, it should be understood that the invention is not limited to the type of ion beam
source shown in FIG. 2. Other jon beamn sources may be suitable as described further below.

In the illustrative embodiment, the source includes a chamber housing 50 which
defines a chamber 52 and an extraction aperture 53 through which ions are extracted. A
cathode 54 is positioned within the chamber. As shown, a filament 56 is positioned outside
the arc chamber in close proximity to the cathode. A filament power supply 62 has output
terminals connected to the filament. The filament power supply heats the filament which in
turn generates electrons which are emitted from the filament. These electrons are
accelerated to the cathode by a bias power supply 60 which has a positive terminal
connected to the cathode and a negative terminal connected to the filament. The electrons
heat the cathode which results in subsequent emission of electrons by the cathode. Thus, ion
beam sources having this general configuration are known as “indirectly heated cathode”
(IHC) ion sources. An arc power supply 58 has a positive terminal connected to the
chamber housing and a negative lerminal connected to the cathode. The power supply
accelerates electrons emitted by the cathode into the plasma generated in the chamber. In
the illustrative embodiment, a reflector 64 is positioned within the chamber at an end
opposite the cathode. The reflector can reflect electrons emitted by the cathode, for
example. in a direction towards the plasma within the chamber. In some cases, the reflector
may be connected 1o a voltage supply which provides the reflector with a negative charge;
or, the reflector may not be connected to a voltage supply and may be negatively charged by
absorption of electrons.

In many embodiments, a source magnet (not shown) produces a magnetic field

within the chamber. Typically, the source magnet includes poles at opposite ends of the
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chamber. The magnetic field results in increased interaction between the electrons emitted
by the cathode and the plasma in the chamber.

Source feed gas from supply 17 is introduced into the chamber. The plasma within
the chamber ionizes the source feed gas to form jonic species. A variety of ionic species
may be produced which depend upon the composition of the source feed gas, as noted
above, and desired ionic species may be selected for the ion beam and subsequent
implantation.

It should be understood that other ion source configurations may be used in
connection with the methods of the invention. For example. Bernas ion sources may be
nsed. Also, ion sources that generate plasma using microwave or RF energy may be used.
As noted above. one advantage of certain embodiments, is the ability to use the source feed
gas in ion sources that generate relatively high temperatures (e.g., greater than 350 °C)
without the source feed gas decomposing. However, in some embodiments, it may be
preferred to use ion sources that operate at relatively low temperatures. For example, “cold
wall” ion sources may be used that ionize the source feed gas by using one or more electron
beams. Such ion sources have been described in U.S. Patent No. 6,686,595 which is
incorporated herein by reference.

it should also be understood that the ion source illustrated in FIG. 2 may include a
variety of modifications as known to those of ordinary skill in the art.

’ FIG. 3 is a plot of optimal mass spectrum for carborane for use in ion implantation.
FIG. 3 is normalized and compares beam current to molecular we{ght of the extracted
carborane ions for an optimized carborane source feed gas and a non-optimized carborane
source feed gas. The oplimal molecular weight of carborane for implant into a wafer is
preferably between 132 and 144 amu, and more preferably between 136-138 amu. An
optimized carborane source feed gas may not disassociate during the ionization process as
much as a non-optimized carborane source feed gas.

As seen in FIG. 3, an optimal carborane source feed gas (illustrated as “Optimal
Beam Spectrum”), results in greater beam curcent than a non-optimized carborane source
feed-gas (illustrated as “Broken-Up Beam Spectrum”). This non-optimized carborane
source feed gas includes at least some break-up during ionization. The optimal carborane

source feed gas was found in one experiment to result in as much as twice the measured

PCT/US2007/001271
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beam current compared to the non-optimal carborane source feed gas. Due 10 break-up
during the ionization process, measured beam currents at molecular weights below 132 amu
were substantially higher for a non-optimized carborane source feed gas than an optimized
carborane source feed gas. ‘ ‘ '

Having thus described several aspects of at least one embodiment of this invention, it
is to be appreciated various alterations, modifications, and improvements will readily occur 4
to those skilled in the art. Such alterations, modifications, and improvements are intended to
be part of this disclosure, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing description and drawings are by way of example only.
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CLAIMS

What is claimed is:

1. A method of implanting ions comprising:
generaling CaB1oHy ions from CyByoH,; and
implanting the C,B¢H, ions in a material.

2. The method of claim 1, wherein the C»B1oH | has a decomposition temperature of at
least 500 °C.

3. The method of claim 1, wherein the CaB1oHi2 has a decomposition temperature of at
least 750 °C.

4. The method of claim 1, wherein the molecular weight of the CoB1oH ions is greater
than 100 amu. '

5. The method of claim 1, wherein the C;BoHy ions have a mass spectrum consisting

essentially of a single range of masses between approximately 132 and 144 amu, said mass

spectrum being FIG. 3 of the accompanying drawings.

6. The method of claim 1, wherein the molecular wei ght of the C,B¢Hyx ions is
approximately 132 to 144 amu.

7. The method of claim 1, wherein the molecular weight of the C2BgHy ions is -
approximately 136 to 138 amu.

8. _An ion source comprising:

a chamber housing defining a chamber; and
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a source feed gas supply configured to inwroduce C2B)oH 2 into the chamber, wherein

the ion source is configured to ionize the source feed gas within the chamber into C,BoH,

ions.

9. The ion source of claim &, wherein the C;B)oH); has a decomposition temperature of
at least 350 °C. '

10. The ion source of claim 8, wherein the C2BoH 2 has a decomposition temperatre of
at least 500 °C.

11.  The ion source of claim 8, wherein the C,B;oH 2 has a decomposition temperature of
at least 750 °C,

12.  The ion source of claim 8, wherein the molecular weight of the C2BoH lons is
greater than 100 amu.

13. The ion source of claim 8, wherein the C;B1oH; ions have a mass spectaum
consisting essentially of a single range of masses between approximately 132 and 144 amu,

said mass spectrum being FIG. 3 of the accompanying drawings.

14, The ion source of claim 8, wherein the molecular weight of the CBgHxions is

approximately 132 to 14«4 amu.

15. The ion source of claim 8, wherein the molecular weight of the CoBpH; ions is

approximately 136 to 138 amu.
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