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DESIGN

Field
This disclosure relates to a method and mechanism for creating electrons, such as in a plasma

flood gun, using an indirectly heated cathode contained in a cartridge.

Background

An electronic device may be created from a workpiece that has undergone various processes.
One of these processes may include introducing impurities or dopants to alter the electrical properties
of the original workpiece. For example, charged ions, as impuritics or dopants, may be introduced to
a workpiece, such as a silicon wafer, to alter elecirical properties of the workpiece. One of the
processes that introduces impurities to the workpiece may be an ion implantation process.

An ion tmplanter is used to perform ion implantation or other modifications of a workpiece.
A block diagram of a conventional ion implanter is shown in FIG. 1. Of course, many different ion
implanters may be used. The conventional ion implanter may comprise an ion source 102 that may be
biased by a power supply 101, The system may be controlled by controller 120. The operator
communicates with the controlier 120 via user interface system 122, The ion source 102 is typically
contained in a vacuum chamber known as a source housing {not shown). The ion implanter system
100 may also comprise a series of beam-line components through which ions 18 pass. The series of
beam-line components may include, for example, extraction clecirodes 104, a 90° magnet analyzer
106, a first deceleration (I31) stage 108§, a 70° maguoet collimator 110, and a second deceleration (D2}
stage 112, Much like a series of optical lenses that manipulate a light beam, the beam-line
components can manipulate and focus the ion beam 10 before steering it towards a workpiece or
wafer 114, which is disposed on a workpiece support 116,

fn operation, a workpiece handling robot {not shown) disposes the workpiece 114 on the
workpiece support 116 that can be moved in one or more dimensions {e.g., translate, rotate, and tilt)
by an apparatus, sometimes referred to as a “roplat™ (not shown). Meanwhile, ions are generated in
the ion source 102 and extracted by the extraction electrodes 104, The extracted ions 10 travel in a
beam-like state along the beam-line components and tmplanted on the workpiece 114, After
implanting ions is completed, the workpiece handling robot may remove the workpiece 114 from the
workpiece support 116 and from the ton implanter 100,

In some embodiments, it may be desirable to introduce electrons in the ion beam path, to

reduce beam blowup and to reduce charge from the surface of the substrate. In some embodiments, a
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plasma flood gun {PFG) 117 is introduced near the workpiece 114, This plasma flood gun emits
elecirons into the ion beam in the direction of the workpiece 114,

In some embodiments, the electrons are produced in the plasma flood gun 117 through the use
of a tungsten flament through which a current is passed. This current causes the filament to emit
electrons. These electrons are then directed, such as by magnets or electrodes, to an aperture. Afier
passing through the aperture, the electrons migrate toward the workpiece 114, The voltages needed by
the plasma flood gun 117 ave generated and supplied by a power supply 118. This power supply 118
may be in communication with a controller (not shown} which determined the timing and magnitude
of each voltage. In some embodiments, voliages are generated for the filament, the arc and the bias
within the plasma flood gun 117.

Referring to FIGs. 2A-B, there is shown one embodiment of a filament used to produce
clectrons. In FIG. 24, a top view is shown, while FIG. 2B shows a side view. In this embodiment, the
plasma flood gun 117 has two connection points 151, 152, A filament 133, baving two contacts 154,
155 is plugged into the respective connection points 151, 152, These connection points 154, 155 are
tied to different electrical potentials, thereby allowing current to flow through the filament 153. On
the sides of the filament 153 are one or more magoets 156, that cause the electrons to spiral towards
the walls. This spiral increases the path length of the electrons. Although not shown, elecirode 137
has an aperture through which the electrons can exit. Dotted line 158 represents the emission plane in
the device. The reference emission plane is related to the charging and the metals performance of the
plasma flood gon 117 because the magnetic field generates specific trajectories and conirols the
emission points.

The lifetime of the plasma flood gun 117 is usually limited by failures of the filaments 153,
which are exposed to the plasma within the plasma flood gun 117, Replacement of the filament 153 is
a time consuming operation. In addition, tungsten, the preferred material for the filament 153, may
contaminate the workpiece 114,

1t would be advantageous if there were an apparatus and method for producing electrons in a
plasma food gun, which has increases reliability, is easier to replace, and does not contaminate the
workpiece or wafer.

Summary

An apparatus and method for producing electrons in a plasma flood gun is disclosed. The
apparatus includes an indirectly heated cathode (IHC) that is contained within a pre-fabricated
cartridge. This cartridge can be readily replaced in a plasma flood gun. In addition, the use of an THC

reduces the amount of contaminants that are injected into the workpiece or wafer,
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Brief Descrintion of the Drawings

In order to facilitate a fuller understanding of the present disclosure, reference is now made fo
the accompanying drawings, in which like elements are referenced with like numerals. These
drawings should not be construed as limiting the present disclosure, but are intended fo be exemplary
only.

FIG. 1 represents a traditional ion implantation system;

FIG. 2 represents a block diagram showing a filarent for use with a plasma flood gun in
accordance with the prior art;

FIG. 3 represents an [HC cartridge according to one embodiment;

FIG. 4 represents an exploded view of the componenis within the cartridge of FIG. 3;

FIG. 3 represents the components of FIG, 4 as assembled;

Betailed Description

In the present disclosure, several embodiments of an apparatas and a method for producing
electrons in a plasma flood gun. For purpose of clarity and sioplicity, the present disclosure will
focus on an apparatus and a method for introducing electrons to the surface of a workpiece that is
processed by a beam-line ion implanter. Those skilled in the art, however, may recognize that the
present disclosure is equally applicable to other types of processing systems. As such, the present
disclosure is not to be limited in scope by the specific embodiments described herein.

As described above in FIG. 1 and 2, curvent implant systems utilize a plasma flood gun 117 to
introduce electrons to the surface of a workpiece 114 to reduce charge on the workpiece, and to
reduce “blowup” of the ion beam. As described above, current systems suffer many drawbacks
including short lifetimes, and contaminant creation. FIG. 3A shows a side view of an 1HC cartridge
200. FIG. 3B shows a top view of the THC cartridge 200, As seen in FIG. 3A, the THC cartridge 200
comnects to the plasma flood gun (not shown) via two electrical contacts 201, 202, In this
embodiment, the cartridge 200 has a circudar mating portion 210 at the end where it contacts the
plasma flood gun, although the disclosure is not limited to this configuration. In some embodiments,
two fasteners 203, 204 (see FIG. 3B) are used to aitach the mating portion 210 of the IHC cartridge
200 to the plasma flood gun. In addition, the THC cartridge 200 extends from the mating portion 210
outwardly in a cylinder 220, which may be oblong or other shapes. This oblong cylinder, preferable
made from graphite, has a circular bore 230 contained therein. The components which comprise the
IHC are housed within this circular bore 230, as will be described in more detail below. A cathode
240, typically made of tungsten or another metal having a high melting point, covers the distal end of
the circular bore 230. In some embodiments, this cathode 240 is electrically and physically isolated

from the cylinder 220.
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FIG. 4 show the various components included in the cartridge 200, including those that are
within the circular bore 230. FIG. 4 shows two electrical contacts 201, 202, which extend from the
mounted end of the cartridge 200. In one particular embodiment, the electrical contacts 201, 202 taper
inwardly as they extend into the cylinder 220 in this particular embodiment. This may be o
accommodate pre-existing connection points in the plasma flood gen, such as plasma flood gun 117
of FIG. 2B. In some embodiments, the electrical contacts 201, 202 are constructed of very high
conductivity material, such as tungsten or tantalum, to minimize the heat and energy that is dissipated
away from the distal end of the cylinder 220,

These electrical contacts 201, 202, are mated with extenders 241, 242. In some embodiments,
the extenders 241, 242 have hollow ends, such that the electrical contacts 201, 202 fit into the ends of
the extenders 241, 242. In some embodiments, the extenders 241, 242 are made from the same
material as the electrical contacts 201, 202 to minimize heat and energy dissipation away from the
disial end of the cylinder 220. The length of the extenders 241, 242 may also be defined so as to
guarantee a specific, predetermined spacing between the insulating supports 251, 252 when the
componenis are assembled in the circular bore 230 (ses FIG. 5).

The extenders 241, 242 then connect to the filament 244, which may be u-shaped. As
described above, the ends of the extenders 241, 242 may have hollow ends, into which the ends of the
filament 244 can be inserted. Unlike the contacts 201, 202 and the extenders 241, 242, the filament
244 should dissipate energy and heat, so as to generate electrons. As such, the filament 244 may be
constructed of tungsten.

These elecirical components 248 (contacts 201, 202, extenders 241, 242, and filament 244) all
reside within the circular bore 230 when the cariridge 200 is assembled. These components are at
voltage potentials that are different than the surrounding plasma flood gum, and therefore are
preferably isolated from the oblong cylinder 220,

One mechanism used {0 isolate the electrical components 248 is the use of insulating supports
251, 252, In one embodiment, two insulating supports are used, although other numsbers of tnsulating
supports are within the scope of the disclosure. In some embodiments, the insulating supports 251,
252 may be identical components, thereby reducing the number of different parts needed for the
assembly, The insulating supports 251, 252 are of a length roughly equal to the diameter of the
civcular bore 230 into which they are located. The insulating supports 251, 252 may be made of any
non-conductive material, including AL, In addition, each may have a fastening mechanism. In some
embodiments, each fastening mechanism may be a threaded device 253, 254, such as a screw, that
corresponds to a threaded opening in the insulating support 251, 252, In another embodiment, a pin
253, 254 is inserted into a sleeve in each insulating support 251, 252 In operation, the screw or pin

253, 254 is inserted into a lateral bore 257 (see FIG. 3B) in the cylinder 220, and is screwed or
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pressed into the insulating supports 251, 252 located within the bore 230. The insulating supports 251,
252 may also have bores 255, 256 through their width, which allow the passage of the electrical
components 248. In some embodiments, these bores 255, 256 have a diameter greater than that of the
contacts 102, 202 and the filament 244, but less than the extenders 241, 242, In this way, the
extenders 241, 242 can be used to space the insulating supports 251, 252 by a predetermined distance.

A holder 261 is used to hold the cathode 271 in place. This holder 261 may be beld in place
with a fastener, such as the screw or pin 254 used to secure the insulating support 252, The holder 261
also has an extended gripping mechanism 262. This gripping roechanism 262 is of a size suitable to
hold the cathode 271 in place without any additional fastening devices. For example, the connection
between the holder 261 and the cathode 271 may be a press fit,

The cathode 271 is attached to the holder 261 and during operation is maintained at a positive
voltage. This causes the electrons from the filament to accelerate to the cathode. As these elecirons
bombard the cathode 271, its temperature increases, often {o temperatures greater than 2000°C. The
positive bias is created by electrically connecting the cathode 271 to a third electrical connection at
the plasma flood gun. Because of the difference in voltage between the filament 244, the cathode 271,
and the cylinder 220, it is important that the insulating support 252 electrically isolate these
components from one another, The cathode 271 is preferably made of tungsten, graphite, or a low
work function material.

Having described the components of the cartridge 200, FIG. 5 shows how these components
are assembled. As explained above, the insulating supports 251, 252 may be fabricated such that the
diameters of the bores through these parts are greater than that of the contacts 201, 202 and the
filament 244, but less than the diameter of the extenders 241, 242, This allows the extenders 241, 242
to be used 1o space the insulating supports 251, 252 apart. The filament 244 is connected to the distal
ends of the extenders 241, 242, while the contacts 201, 202 are connected to the proximate ends of the
extenders 241, 242, The assembly of these components may be done at an earlier time, if a precise
tolerance between the filament 244 and the extenders 241, 242 is required. The electrical components
248 are assembled with the proximate support 251, This sub-assembly 265 is then slid into a second
subassembly 266, which is made up of the holder 261 and the distal insulating support 252, The
filament 244 slides through the distal insulating support 252. The cathode 271 is then press fit onto
the holder 261. This entire subassembly, which includes subassembly 265 and subassembly 266, can
then be slid into the bore 230, Screws or pins 254 are then inserted in lateral bores 257 to hold the
insulating supports 251, 252 in the correct position.

The cartridge 200 is fully assembled at this point. Finally, an endcap 280 may be placed over
the distal end of the cylinder 220. The connection between the endcap 280 and the cylinder 220 may

be a press fil. In other embodiments, the end cap 280 may press into a region defined in the plasma
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flood gun, such as plasma flood gun 117 of FIG. 1. This endcap 280 has at least one aperture (not
shown) through which the emiited electrons flow toward the workpiece. In some embodiments, the
endcap 280 may have one, two, three or more apertures that control the amount of elecirons emitted.
The number of apertures also controls the amount of contamination from the cartridge 200. The
voltages for the filament, arc and bias are connected from the atmosphere side of the plasma flood gun
body 117 via a power supply 118 and controller, and are isolated from each other by the use of
insulators.

The cariridge 200 may be readily replaced in a plasma flood gun 117, and can also replace the
filament 153 of the prior art. In operation, the old component (either a cartridge 200 or a filament 133}
is removed. The new cariridge 200, which has been previously assembled, is then slid into the
corresponding opening, and the electrical contacts 201, 202 are plugged into the electrical connections
151, 152. The end cap 280 is then placed over the cartridge and the plasma flood gun 117 is ready for
use.

The present disclosure is not 1o be limited in scope by the specific embodiments described
herein. Indeed, other various embodiments of and modifications to the present disclosure, in addition
to those described herein, will be apparent to those of ordinary skill in the art from the foregoing
description and accompanying drawings. Thus, such other embodiments and modifications are
intended to fall within the scope of the present disclosure. Further, although the present disclosure
has been described herein in the context of a particular implementation in a particular environment for
a particular purpose, those of ordinary skill in the art will recognize that ifs usefulness is not linuted
thereto and that the present disclosure may be beneficially implemented in any sumber of

environments for any number of purposes.
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What is claimed is:

i

43

L

7.

A replaceable indirectly heated cathode (THC) cartridge, comprising:
a cylinder, having a bore therethrough;
a filament positioned within said bore;
a first insulating support holding said filament in said cylinder, while keeping said
filament electrically insulated from said cylinder; and
a cathode supported by said insulating support, such that said cathode is electrically
insulated from said filament and said cylinder.
The THC cariridge of claim 1, wherein said filament is electrically connected fo an extender
that is configured to be conductive, further comprising a second insulating support, wherein a
length of said extender determines the spacing between said first insulating support and said
second insulating sapport.
The IHC cartridge of claim 2, further comprising two lateral bores in said cylinder and two
fasteners, each corresponding fo one of said two lateral bores, such that said fasteners are
inserted in said lateral bores and retain said first insulating support and said second msulating
support at fixed locations within said cylinder.
The THC cariridge of claim 1, further comprising an endcap, adapted to fit over said cylinder,
said endcap comprising an aperture through which electrons generated by said cathode are
emitied.
The 1HC cartridge of claim 4, wherein said endcap comprises a plurality of apertures.
An jon implantation device, comprising
an ion source;
a magnet analyzer;
at jeast one deceleration stage;
magnet collimator; and
a plasma flood gun, wherein said plasma flood gun further comprises an indirectly heated
cathode (JHC) cartridge, adapted to generate and emit elecirons toward a substrate.
The ion implantation device of claim 6, wherein said THC cartridge comprises
a cylinder, having a bore therethrough;
a filament positioned within said bore, electrically connected to two contacts extending
beyond said cylinder;
a first insulating sopport holding said filament in said cylinder, while keeping said

filament electrically insulated from said cylinder; and

-
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1.

a cathode supported by said insulating support, such that said cathode is electrically
insulated from said filament and said eylnder,
The ion implantation device of claim 7, wherein said plasma flood gun comprises electrical
connections, adapted to accommeodate a filament, wherein said contacts of said THC cartridge
are positioned so as {0 conmect o said electrical connections.
The ion implaniation device of claim 7, wherein sald filament is electrically connected to an
extender that is configured to be conductive, further comprising a second insulating support,
wherein a Jength of said extender determines the spacing between said first insulating
support and said second insulating support.
The ion implantation device of claim 9, further comprising two lateral bores in said cylinder
and two fasteners, cach corresponding fo one of said two lateral bores, such that said
fasteners are inserted in said lateral bores and retain said fivst insulating support and said
second insulating support at fixed locations within sald cylinder.
The ion implantation device of claim 7, further comprising an endeap, adapted to fit over
said cylinder, said endcap comprising an aperture through which electrons generated by said
cathode ave emitted.
The ion implantation device of claim 11, wherein said endcap comprises a plurality of

apertures.
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