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PLASMA ATTENUATION FOR UNIFORMITY CONTROL

Backeround
A plasma processing apparatus generates a plasma in a chamber which can be used to treat a

workpiece supported by a platen in a process chamber. In some embodiments, the chamber in which
the plasma is generated is the process chamber. Such plasma processing apparatus may include, but
not be limited to, doping systems, etching systems, and deposition systems. In some plasma
processing apparatus, ions from the plasma are attracted towards a workpiece. In a plasma doping
apparatus, ions may be attracted with sufficient energy to be implanted into the physical structure of

the workpiece, e.g., a semiconductor substrate in one instance,

In other embodiments, the plasma may be generated in one chamber, which ions are extracied
from, and the workpiece Is treated in a different process chamber. One example of such a
configuration may be a beam line ion implanter where the fon source utilizes an inductively coupled
plasma (ICP) source. The plasma is generally a quasi-neutral collection of ions (usually having a
positive charge) and elecirons (having & negative charge). The plasma has an electric field of about §

volis per centimeter in the bulk of the plasma.

Turning to FIG. 1, a block diagram of one exemplary plasma doping apparatus 100 is
llustrated. The plasma doping apparatus 100 inclades a process chamber 102 defining an enclosed
volume 103. A gas source 104 provides a primary dopant gas to the enclosed volume 103 of the
process chamber 102 through the mass flow controller 106. A gas baffle 170 may be positioned in the
process chamber 102 to deflect the flow of gas from the gas source 104, A pressure gauge 108
measures the pressure inside the process chamber 102. A vacuum pump 112 evacuates exhausts from
the process chamber 102 through an exhaust port 110. An exhaust valve 114 controls the exhaust

conductance through the exhaust port 110,

The plasma doping apparatus 100 may further includes a gas pressure controller 116 that is
slectrically connected to the mass flow controller 106, the pressure gauge 108, and the exhaust valve
114. The gas pressure controller 116 may be configured to maintain & desired pressure in the process
chamber 102 by controlling either the exhaust conductance with the exhaust valve 114 or a process
gas flow rate with the mass flow controller 106 in a feedback loop that is responsive to the pressure

gauge 108,
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The process chamber 102 may have a chamber top 118 that includes a first section 120
formed of a dielectric material that extends in a generally horizontal direction. The chamber top 118
also includes a second section 122 formed of a dieleciric material that extends a height from the first
section 120 in a generally vertical direction. The chamber top 118 further includes g lid 124 formed
of an electrically and thermally conductive material that extends across the second section 122 ina

horizontal direction.

The plasma doping apparatus further includes a source 101 configured to generate a plasma
140 within the process chamber 102. The source 101 may include a RF source 150 such as a power
supply to supply RF power to either one or both of the planar antenna 126 and the helical antenna 146
to generate the plasma 140. The RF source 150 may be coupled to the antennas 126, 146 by an
impedance matching network 152 that matches the output impedance of the RF source 150 to the
impedance of the RF antennas 126, 146 in order to maximize the power transferred from the RF

source 150 to the RF antennas 126, 146,

In some embodiments, the planar and helical antennas 126, 146 comprise a conductive
material wound in a spiraling patiern. For example, FIG. 2A shows one embodiment of a traditional

planar antenna 126, while FIG. 2B shows a second embodiment. FIG. 3 shows a traditional helical

antenna 146,

The plasma doping apparatus may also include a bias power supply 190 electrically coupled
to the platen 134, The plasma doping system may further include a controller 156 and a user interface
systern 158, The controller 156 can be or include a general-purpose computer or network of general-
purpose computers that may be programmed to perform desired input/output functions. The
controller 156 may also include communication devices, data storage devices, and software. The user
interface systern 158 may include devices such as touch screens, keyboards, user pointing devices,
displays, printers, eic. to aliow a user to input commands and/or data and/or to monitor the plasma
doping apparaius via the controller 156, A shield ring 194 may be disposed around the platen 134 to
improve the uniformity of implanted ion disiribution near the edge of the workpiece 138. One or
more Faraday sensors such as Faraday cup 199 may also be positioned in the shield ring 194 to sense

ion beam current,

In'operation, the gas source 104 supplies a primary dopant gas containing a desired dopant for
implantation into the workpiece 138, The source 101 is configured to generate the plasma 140 within

the process chamber 102, The source 181 may be controlled by the controller 156, To generate the
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plasma 140, the RF source 150 resonates RF currents in at least one of the RF antennas 126, 146 to
produce an oscillating magnetic field. The oscillating magnetic field induces RF currents into the
process chamber 102. The RF currents in the process chamber 102 excite and ionize the primary

dopant gas to generate the plasma 140,

The bias power supply 190 provides a pulsed platen signal having a pulse ON and OFF
periods to bias the platen 134 and hence the workpiece 138 to accelerate ions 109 from the plasma
140 towards the workpiece 138, The ions 109 may be positively charged ions and hence the pulse ON
periods of the pulsed platen signal may be negative voltage pulses with respect to the process chamber
102 to attract the positively charged ions. The frequency of the pulsed platen signal and/or the duty
cyele of the pulses may be selected to provide a desired dose rate. The aroplitude of the pulsed platen

signal may be selected to provide a desired energy.

One drawback of conventional plasma processing is lack of plasma untformity. In some
embodiments, the plasma concentration is greater in a portion of the process chamber, thereby causing
unequal implantation of ions. To overcome this, it has been suggested to add a conductive body near
the antenna 126, 146, Note in FIGs. 2 and 3, the antenna can be viewed as a set of connected nearly
circular coiled segments, where the first end of a first coiled segment is connected to the second end
of an adjacent coiled segment, For example, both FIG. 24 and FIG. 2B can be seen to have 4
connected coiled segments. In the case of FIG. 2A, the shape of each coiled segment 201 is slightly
irregular such that the second end of a coiled segment 201 does not meet the first end of that coiled
segment. Thus, one end of coiled segment 201a connects to an end of coiled segment 201b. In
contrast, the coiled segments 202 of FIG. 2B are circular, however, there is a break such that the two
ends of the coiled segments 202 do not connect. In this case, a linear segrment 203 is used o connect
two adjacent coiled segments 202, For example, linear segment 203a is used to connect coiled

segment 202d and coiled segment 202¢.

FIG. 3 shows a helical antenna 146. The wound coiled segments 204 of a helical antenna 146
can be attached using the mechanisms shown in FIG. 2A-B for planar antennas. To improve the
plasma uniformity of a chamber utilizing such an antenna, it has been suggested to add a conductive
body near one of more coiled segments of the antenna. In other words, referring to FIG, 2A, 3 metal
object may be shaped and located so as to affect coiled segment 2014, without litile or no impact on
the other coiled segments, Stated another way, the conductive body is symmetrical in the radial

direction {(assuming a polar coordinate system where the origin is the center of the antenna as shown
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in FIGs. 2A-B). The metal object may be circular or annular. For example, an annular metal body may

be used to affect coiled segment 201a, without affecting coiled segments 201b-d.

FIG. 4 shows a block diagram of a conventional ion implanter 300, Of course, many different
ion implanters may be used. The conventional jon implanter may comprise an ion source 302 that may
be biased by a power supply 301. The system may be controlled by controller 320. The operator
communicates with the controller 320 via user interface system 322. The ion source 302 is typically
contained in a vacuum chamber known as a source housing {not shown}. The ion implanter system
3060 may also comprise a series of beam-line components through which ions 10 pass. The series of
bearn-line components may include, for example, extraction electrodes 304, a 90° magnet analyzer
306, a first deceleration (1) stage 308, a 70° magnet collimator 314, and a second deceleration {ID2)
stage 312. 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 314, which is disposed on a workpiece support 316,

in operation, a workpiece handling robot (not shown) disposes the workpiece 314 on the
workpiece support 316 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 302 and extracted by the extraction electrodes 304, The extracted ions 10 travel in a
beam-like state along the beam-line components and implanted on the workpiece 314, After
implanting ions is completed, the workpiece handling robot may remove the workpiece 314 from the

workpiece support 316 and from the ion implanter 300,

The ion source 302 may be an inductively coupled plasma (ICP) ion source. In some
embodiments, such as in FIGs. 5A-B, the ion source 302 may comprise a rectangular enclosure,
having an extraction slit 335 on one side 337. In certain embodiments, the side 336 opposite the
extraction slit 335 may be made of a dielectric material, such as alumina, such that a planar antenna
338 may be placed against the dicleciric wall 336 to create a plasma within the enclosure 302, The

enclosure 302 also has a top surface 339, a bottom surface 341, and two endwalls 338, 340,

In another embodiment, a helical antenna 350 is wrapped around the endwalls 338, 340 and

the top surface 339 and bottom surface 341 of the ICP ion source 302, as shown in FIG. 6.
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In these embodiments, due to the irregular shape of the ion source 302, it is difficult o create
a uniform plasma which can be extracted through the extraction slit 335, Accordingly, there is a need

for a plasma processing method that overcomes the above-described inadequacies and shortcomings.

Summary

A plasma processing apparaius and method are disclosed which create a aniform plasma
within an enclosure. In one embodiment, a conductive or ferrite material is used to influence a section
of the antenna, where a section is made up of portions of multiple coiled segments. In another
ermabodiment, a ferrite material is used to influence a portion of the antenna. In another embodiment,

plasma uniformity is improved by modifying the internal shape and volume of the enclosure.

Brief Bescription of the Drawings

For a better understanding of the present disclosure, reference is made to the accompanying
drawings, in which like elements are referenced with like numerals, and in which:

FIG. 1 is a block diagramy of a plasma doping apparatus of the prior art;

FIGs. 2A-B illustrate planar antenna of the prior art;

FIG. 3 illustrates a helical antenna of the prior art;

FIG. 4 is a block diagram of a ton implantation apparatus;

FIG. 5A is a front view of one embodiment of an ICP source;

FIG. 5B is a rear view of the embodiment of FIG. 54,

FIG. 6 is a front view of a second embodiment of an ICP source;

FIG. 7A illustrates one example of plasma non-uniformity;

FIG. 78 illustrates the corrective action required for FIG. 7A;

FIG. 7C illustrates a first embodiment to correct the non-oniformity of FIG. 7A;

FIG. 8A illustrates a second example of plasma non-uniformity;

FIG. 81 illustrates the corrective action required for FIG, 8A;

FIG. 8C illustrates a first embodiment to correct the non-uniformity of FIG. 84A;

FIG. 9A illustrates a second embodiment 1o correct the non-uniformity of FIG. 7A;

FIG. 9B illustrates a second embodiment to correct the non-uniformity of FIG. 8A;

FIG. 10A illustrates a third embodiment to correct the non-uniformity of FIG. 74,

FIG. 10B illustrates a fourth embodiment to correct the non-tniformity of FIG. 7A; and

FIG. 11 illustrates a fifth embodiment to correct the non-uniformity of FIG. 7A.
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Detailed Description

As described above, traditional ICP fon sources typically produce a plasma which is non-
pniform in density. This problem is compounded when a non-symumetric enclosure (such as a
rectangular enclosure) is used. FIGs. 5-6 show several embodiments of rectangular enclosures that
may be used by inductively coupling energy to a plasma. This inductive coupling can be attenuated by
placing a material that will dissipate energy through either eddy and/or hysteresis losses. Depending
on the material used, either or both losses may be made to occur. For example, copper and aluminum
will result in eddy losses alone, g non conductive ferrite will result in only hysteresis losses, and a
magnetic steel will result in both eddy and hysteresis losses. Therefore, the term “attenuating
materials” refer to both conductive materials and ferromagnetic materials. By selectively placing an
RF attenuating material near a portion of the antenna for an ICP source, it is possible to control
uniformity. In addition to the material’s shape and composition, the magnitude of the attenuation can
be conirolled by adjusting the distance between the attenuating material and the antenna. To do so, the
attenuating material 360 is moved in a direction perpendicular to the plane of the antenna. For
example, in FIG. 7C, the attenuating material 360 is moved in the z direction. In FIG. 9A, the
aftenuating material 360 is moved in the y direction. In FIG. 9B, the attenuating material 360 is

moved in the x direction.

in some embodiments, the plasma density created by the rectangular ICP source of FIG. 5
may be greater near the volumetric center of the enclosure. Fig. 5 shows an enclosure with a planar
antenna, having a length, a width, and a depth, where length is defined as the direction paralle! to the
extraction slit 335. The length is also referred to as the x dimension, while the width and depth are
referred to as the v and z dimensions, respectively. FIG. 7A shows a graph of the plasma density as a
function of x-axis position, where the origin indicates the center of the extraction slit 335. As shown
in the graph, the plasma density is greatest at the center and decays as one moves from the center
toward the endwalls 338, 340. To correct this, it would be advantageous to reduce the density at the
center, so as o be closer to the rest of the enclosure 302, as shown in FIG. 7B, To achieve this effect,
an attenusting material 360 may be placed near the antenna 338 in the region which is {o be
attenuated. FIG. 7C shows an attenuating material 360 placed over antenna 338 in the center of the
enclosure 302. Note that the attenuating material 360 covers the antenna 338 in the y dimension, but
covers only a portion of each coiled segment in the x dimension. In other words, unlike prior art
embodiments, the coiled segments are partially exposed, and partially covered. The choice of
attenuating material 360 may be a conductive material, such as copper; a ferrite, or a combination

having both properties, such as steel. The term “covered” as used in this disclosure is not intended to
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mean that the attenuating material literally covers the antenna. Rather, the term is defined as the
atienuating material having the same x and y coordinates (for a planar antenna) as the antenna, while 2
different z coordinate. For helical antenna, the term refers to the same x, 7 coordinates for FIG. A

and the same y,z coordinates for FIG. 8B,

In addition to being able to select a portion of the plasma density to attenuate through the use
of an attenuating material, the amount of attenuation can also be controfled. As the attenuating
material 360 is moved further from the antenna 338, its ability {o attenuate the plasma density in the

enclosure is reduced.

FIG. 8A shows a graph of the plasma density as a function of x-axis position, where the origin
indicates the center of the extraction slit 335. As shows in the graph, the plasma density is greatest
near the endwalls 338, 340 and decays as one moves toward the center. To correct this, it would be
advaniageous to reduce the density at the ends, so as 1o be closer to the rest of the enclosure 302, as
shown in FIG. 88. To achieve this effect, an attenuating material 360 may be placed near the antenma
338 in the region which is to be atfenuated. FIG. 8C shows an attenuating material 360 placed over
antenna 338 at the ends of the enclosure 302. Note that, like FIG. 7C, the attenuating material 360
govers the antenna 338 in the v dimension, but covers only a portion of each coiled segment 371 in

the x dimension.

A similar mechanism may be used for helical antennas, such as that of FIG. 6. For example, if
the enclosure of FIG. 6 had a plasma density profile such as that shown in FIG. 7A, the attenuating
material 360 may be placed over the center of the enclosure 302, near top surface 339 and bottom
surface 341, as shown in FIG. 9A. This figure shows that the attenuating material 360 extends over a
portion of the x dimension, but across the entire z dimension. Similarly, if the enclosure 302 of FIG. 6
had a plasma density profile such as that shown in FIG. 84, the atienuating material 360 may be
placed over the sidewalls 338, 340, as shown in FIG. 9B. This figure shows that the atienuating

material 360 extends over a portion of the y dimension, but across the entire z dimension,

While FIGs. 7C, 8C, and 9A-B show the atienuating material 360 extending beyond the
relevant dimension of the enclosure 302, the disclosure is not limited to this ersbodiment. In certain
embodiments, the attenuating material 360 may extend across only a portion of the relevant
dimension. For example, as shown in FIG. 104, an attenuating material 360 may be placed in

proximity to portions of one or more coil segments 371, such that it does not cover any coil segment
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371 completely. In addition, there are coil segments that are not covered at all. For example, in FIG,
10A, the outermost coil segment 37 1¢ is not covered at all, while the inner coil segments 371a-b are
only covered over a small region. In other words, this figure shows that the attenuating material 360

extends over a portion of the x dimension, and a portion of the y dimension.

in other embodiments, shown in FIG. 10B, the attenuating material 360, in the form of a
ferrite material, is used to completely cover one or more coil segments 37 la-b, while leaving other
coil segments 371¢ completely exposed.

FIG. 11 shows another embodiment of 2 mechanism to allow eniform plasma density. In this
embodiment, additional structures 400 are added within the enclosure to selectively reduce the
volume of the enclosure 302. For example, the structures of FIG. 10 would attenuate the plasma
density in the center of the enclosure, similar to the effect created by FIG. 7C or FIG. 9A. In another
embodiment, the structures 400 can be positioned to reduce the volume nears the ends of the ion
source 302, thereby creating the same effect as FIG. 8C or FIG. 98, This material can be of the same

type as the interior of enclosure 302, such as aluminum, graphite, alumina ceramic, or silicon carbide.

in some embodiments, the additional structures 400 are placed so as to vary the width or
depth of the interior of the enclosure 302. The variation in these dimensions may vary over the length
of the enclosure. In other words, as seen in FIG. 11, the effective width of the enclosure 302 is widest

near the endwalls 338, 340 and narrowest in the center of the enclosure.

The present disclosure is not to be lmited in scope by the specific embodiments described
herein. Indeed, other various embodiments of and modifications o the present disclosure, in addition
to those described herein, will be apparent to those of ordivary 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 traplementation in a particular environment for
a particular purpose, those of ordinary skill in the art will recognize that its usefulness is not limited
thereto and that the present disclosure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the claims set forth below should be

construed in view of the full breadth and spirit of the present disclosure as described herein.
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What is claimed is:

1. A method of modifying plasma density within an enclosure, said enclosure having a first
side having an extraction slit and having a length, a width and a depth, where length is defined as the
dimension parallel to said extraction slit, and width is defined as planar with said side and perpendicular
to length, said method comprising:

using an antenna, comprising a plurality of connected coil segments fo create a plasma within said

enciosure; and

placing an attenuating material near said antenna, such that said attenuating material is sized so as
to cover a portion of one dimension, such that said antenna covers only a portion of each of said
plurality of coil sepments.

2. The method of claim 1, wherein said antenna comprises a planar anfenna,

3

The method of claim 2, wherein said one dimension comprises length.

:J::.

The method of claim 3, wherein said attenuating material is sized to cover said width.

5. The method of claim 3, further comprising moving said attenuaiing material in a direction
perpendicular to a plane of said first side to adjust said plasma density modification caused by said
attenuating material.

6. The method of claim 2, wherein said antenna comprises a helical antenna.

7. The method of claim 6, wherein said one dimension comprises length.

8. The method of claim 7, wherein said attenuating material Is sized to cover said depth.

9. The method of claim 8§, further comprising moving said attenuating material in a direction
parallel to said width to adjust plasma density modification caused by said aftenuating material.

0. The method of claim 6, wherein said one dimension comprises widih,

11. The method of claim 10, wherein said attenuating material is sized to cover said depth.

12. The method of claim 1, further comprising moving said attenuating material in a direction

parallel to said length to adjust plasroa density modification caused by said attenuating material,

13. The method of claim 1, wherein said atienuating material comprises a conductor.

14, The method of claim 1, wherein said attenuating material comprises a ferrite.

15. The method of claim 1, wherein said antenna comprises an additional coil segment, said coil
segment not covered by said atienuvating material.
16. A method of modifying plasma density within an enclosure, said enclosure having a first

side having an exiraction slit and having a length, a width and a depth, where length is defined as the
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dimonsion pavaliel to said exivection shit, and width i defined sy planar with said side and perpendicalar

tir length, satil mcthod comprising:
peing an antanng, conywising a plurality of connacted voll ssgments to create & plasma within said
enclosure; and
placing s ferrite near said antenns (o adjnat seld plashe density within said enclisure,

V7. The ethad of claing 18, farther comprising moving said fenite in o divection perpendicudar to a plane

af s it

o adiust said plasmna densisy modifivation saused by said alterunting material.
IR A vethod of medifving plasma density within an enclosure, said enclosure having & firstside having
an extragtion slit and having @ length, & width and & depth, where Jongth i defined as the dimengion
pawallel o said eirrastion shit, aod widih is defined s planar with satd side and perpendicalir to tength,
sall matbod comprising
using an anterna, comprising o plurslity of conpected cofl segmenis to create a plasma within said
enclasures; and
acdding material B the interior of said enclosare seeasto vary thewidth or depth of said enclosure

atong s length

10
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