20047010458 A2 |00 OO O

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

29 January 2004 (29.01.2004)

(10) International Publication Number

WO 2004/010458 A2

(51) International Patent Classification’: HO01J 37/32,
HO1L 21/00
(21) International Application Number:
PCT/US2003/022433

(22) International Filing Date: 17 July 2003 (17.07.2003)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

10/198,370 18 July 2002 (18.07.2002) US

(71) Applicant: VARIAN SEMICONDUCTOR EQUIP-
MENT ASSOCIATES, INC. [US/US]; 35 Dory Road,
Gloucester, MA 01930 (US).

(72) Inventor: WALTHER, Steven, R.; 83 Morton Street, An-
dover, MA 01810 (US).

(74) Agent: MCCLELLAN, William, R.; Wolf, Greenfield &
Sacks, P.C., 600 Atlantic Avenue, Boston, MA 02210 (US).

(81) Designated States (national): CN, JP, KR.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU,
IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PLASMA IMPLANTATION SYSTEM AND METHOD WITH TARGET MOVEMENT

T 67 ’
g A | 6AS M
r _____ — s+ T Y : SOURCE
|7~ { ik
PLASMA | \ -2
; CONTROULER } | /
| T N
! | 21
| ] /J— T/ | 12 :
‘ | & 4 [ warer |
l — DRIVE
I = CONTROLLER !
! | 3 !
| | 27 | |
; : | '
; i |
‘ 0\ SYSTEM \ I' 5| !
| CONTROLLER | | L |
i | - | VACUUM |
; | N JF CONTROLLER |
| |
i | ! |
|

(57) Abstract: A plasma implantation system and method implants ions from a plasma in a semiconductor substrate while the
substrate is at two or more different positions. The semiconductor substrate may be moved during implantation processing, e.g.,
to help compensate for non-uniformities in the dose delivered to the substrate. In addition, only a portion of a substrate may be
implanted during a portion of an implantation process for the substrate. A plurality of substrates may be simultaneously implantation
processed in a same plasma implantation chamber, thereby potentially reducing implantation processing times.
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PLASMA IMPLANTATION SYSTEM AND METHOD WITH TARGET MOVEMENT

FIELD OF THE INVENTION

This invention relates to implanting ions in materials, such as semiconductor wafers, in

a plasma implantation system.

BACKGROUND OF THE INVENTION

Ion implantation is a standard technique for introducing conductivity-altering

impurities into semiconductor substrates, such as semiconductor wafers. Beamline ion
implantation systems are commonly used to introduce such impurities into semiconductor
wafers. In a conventional beamline jon implantation system, a desired impurity material is
ionized, and the ions are accelerated to form an ion beam directed at a surface of the
semiconductor wafer. Ions in the beam impacting the wafer penetrate into the semiconductor
material to form a region of desired conductivity.

Beamline ion implantation systems operate efficiently for certain implantation
conditions, such as when implanting ions at relatively high energies, but may not function as
efficiently as desired for certain other applications. For example, as device features in
semiconductor chips are made smaller to increase the device density on the chips, the width
and depth of features formed by implanted ions must be reduced to accommodate the increased
device density. Narrowing the width of features formed by implanted ions typically involves
narrowing photoresist patterns or other masking features on the semiconductor wafer.
However, decreasing the depth that ions are implanted into a semiconductor material to make
shallower junctions or other features requires relatively lower implant energies. That is,
implanted ions must have a lower kinetic energy when impacting the semiconductor to reduce
the penetration depth of the ions. Although conventional beamline ion implantation systems
operate efficiently at relatively higher implant energies, these systems may not operate
efficiently at the lower energies required to obtain a shallow junction depth.

Plasma implantation systems have been used for implanting ions at relatively low

energies into semiconductor wafers, e.g., to form relatively shallow junctions or other features
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in the semiconductor material. In one type of plasma implantation system, a semiconductor
wafer is placed on a stationary conductive disk located in a plasma implantation chamber, An
jonizable process gas that includes a desired dopant material is introduced into the chamber,
and a voltage is applied to form a plasma in the vicinity of the semiconductor wafer. An
electric field applied to the plasma causes ions in the plasma to be accelerated toward, and be
implanted into, the semiconductor wafer. In some cases, plasma implantation systems have
been found to operate efficiently at relatively low implant energies. Plasma implantation
systems are described, for example, in U.S. Patent 5,354,381 to Sheng, U.S. Patent 6,020,592
to Liebert et al., and U.S. Patent 6,182,604 to Goeckner et al.

In general, all implantation processes, whether beamline or plasma implantation,
require an accurate total dose be provided to the wafer and that the dose across the wafer be
highly uniform. These parameters are important because the total dose determines the
electrical characteristics of the implanted region(s), while dose uniformity ensures that devices
on the semiconductor wafer have operating characteristics within a desired range. Producing
smaller feature sizes on a semiconductor wafer tends to heighten the already stringent
requirements on total dose and dose uniformity because the smaller features are more sensitive
to, variations in the total dose and dose uniformity. | ’

In a plasma implantation system, spatial dose uniformity may depend upon the
uniformity of the plasma forfned near the surface of the wafer and/or on electric fields present

in the vicinity of the wafer during implantation. Since a plasma includes ions that move in

~ sometimes random and unpredictable ways, over time, a plasma may have spatial non-

uniformities that result in dose non-uniformity in the wafers being processed. Variations in
electric fields generated near the wafer may also affect the dose uniformity by causing

variations in the density of ions accélcrated from the plasma into the wafer.

SUMMARY OF THE INVENTION

In one aspect of the invention, the uniformity of particle implantation in a plasma

implantation system may be improved by implanting ions into a semiconductor wafer when the
wafer is at two or more different positions relative to the plasma or plasma discharge region.
By moving the semiconductor wafer in at least some fashion during implantation processing,
temporal and spétial variations in the plasma density, variations in electric fields in and around
the plasma and near the wafer, and other parameters that affect dose uniformity may be

averaged out or otherwise compensated for.
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In one aspect of the invention, a plasma implantation system includes a plasma
implantation chamber and a workpiece support that moves at least one workpiece within the
plasma implantation chamber. A plasma generating device generates a plasma at or near a
workpiece surface to implant ions in the workpiece, and a controller causes the workpiece
support to move the workpiece in the chamber during an implantation process during which the

controller causes the plasma generating device to generate a plasma and implant ions in the

‘workpiece. A system in accordance with this aspect of the invention may provide more

uniform implantation of a workpiece, such as a semiconductor wafer, by implanting the
workpiece with jons from a plasma while the workpiece is moved and/or by otherwise
positioning the workpiece at two or more different positions relative to a plasma or plasma
discharge region during implantation. A system in accordance with this aspect of the invention
also may provide shorter per workpiece implantation processing times because multiple
workpieces may be positioned within an implantation chamber and simultaneously processed
to implant ions in the workpieces.

In one aspect of the invention, the workpiece support includes a disk that is mounted
for rotation in the plasma implantation chamber. A plurality of workpieces, such as
semiconductor wafers, may be mounted to the disk and moved in a circular path in the plasma

implantation chamber. Rotary motion of the workpieces may periodically present each of the

‘workpieces to a plasma discharge region where ions from a plasma are implanted in the

workpieces. Movement of the workpieces may be adjusted to help control dose uniformity
and/or a total dose delivered to the workpieces.

In another aspect of the invention, a method for implanting ions in workpieces includes
providing a plurality of workpieces in a plasma implantation chamber, moving the plurality of
workpieces in the plasma ir‘nplantation chamber, and implanting ions from a plasma located at
or near a surface of at least one of the plurality of workpieces into the workpiece while the
workpiece moves in the plasma implantation chamber.

In another aspect of the invention, a method for implanting ions in a workpiece
includes providing at least one workpiece in a plasma implantation chamber and generating a
plasma in a plasma discharge region located at or near a surface of the at least one workpiece
in the plasma implantation chamber. Ions are implanted from the plasma in the at least one
workpiece while the workpiece is in a first position relative to the plasma discharge region.

The at least one workpiece is moved relative to the plasma discharge region, and ions are
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implanted from the plasma in the at least one workpiece while the workpiece is in a second
position relative to the plasma discharge region.

In another aspect of the invention, a method for implanting ions in a semiconductor
wafer includes providing at least one semiconductor wafer in a plasma implantation chamber.
The at least one semiconductor wafer has a particle implantation area where ions are to be

implanted. Although not necessary, the particle implantation area typically is one entire

surface of the semiconductor wafer. A plasma is generated in the chamber and ions in the

plasma are implanted in the at least one semiconductor wafer in an area that is smaller than the
particle implantation area of the wafer. According to this aspect of the invention, portions of a
semiconductor wafer may be implanted with ions in a plasma in a piecemeal fashion. By
implanting only portions of the wafer at a given time, the implantation sub-areas on the wafer
may be overlapped or otherwise arranged to compensate for non-uniformities in the
implantation process, or to create desired non-uniformities in the implanted wafer.

These and other aspects of the invention will be apparent and/or obvious from the

following description.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the invention are described below in connection with the following drawings

in which like reference numerals refer to like elements, and wherein:

Figure 1 is a schematic block diagram of a plasma implantation system in accordance

with an embodiment of the invention;

Figure 2 is a perspective view of an exemplary workpiece support and plasma

generating device in accordance with the invention;

Figure 3 is a schematic diagram of a plasma implantation system having a rotating

platen that supports a semiconductor wafer; and

Figure 4 shows an illustrative arrangement in which portions of a semiconductor wafer

are implanted.

DETAILED DESCRIPTION

Fig.lisa schematic block diagram of a plasma implantation system in an illustrative

embodiment of the invention, and Figs. 2 and 3 show exemplary workpiece supports and
plasma generating devices. Although various aspects of the invention are described with

reference to Figs. 1-3, the various aspects of the invention are not limited to the particular
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embodiments shown in Figs. 1-3. Instéad, aspects of the invention may be used in any suitable
plasma implantation system having any suitable arrangemént of components. Further,
although some aspects of the invention are directed to achieving higher uniformity of
implanted ions in a plasma system, these éspects of the invention may be combined with other
uniformity enhancing arrangements, such as those described in U.S. Patent 5,711,812, or
combined with other plasma implantation system features that are known in the art, but not
described in detail herein. For example, the plasma implantation system may be a pulsed
system in which a plasma is subjected to a pulsed electric field to implant ions in a
semiconductor wafer, or a continuous system in which a plasma is subjected to an
approximately constant electric field. In short, aspects of the invention may be used in any
suitable plasma implantation system in any suitable way.

In the illustrative embodiment of Fig. 1, a plasma implantation system 100 includes a
plasma implantation chamber 1 within which semiconductor wafers 4 may be positioned and
implanted with ions from a plasma. The term “ions” as used herein is intended to include the
various particles implanted in a wafer during an implantation process. Such particles may
include positively or negatively charged atoms or molecules, neutra]s, contaminants, etc. In
this embodiment, the wafers 4 may be mounted to a workpiece support 2 that is arranged to
move the wafers 4 in the plasfna implantation chamber 1 under the control of a wafer drive
controller 12. Once the wafers 4 are sﬁitably positioned in the plasma implantation chamber 1,
a vacuum controller 13 may create a controlled low preésure environment in the chamber 1
suitable for implantatiori, and the wafers may be implanted with ions from a plasma generated
in a plasma discharge region 7. The plasma may be generated in any suitable way by any
suitable plasma generating device in any suitably sized or shaped plasma discharge region 7.
In this illustrative embodiment, a plasma generating device includes an electrode 5 (commonly
an anode) and a hollow pulse source 6 (commonly a cathode pulse source). Operation of the
plasma generating device, including the gas source 14 may be controlled by a plasma implant
controller 11. For example, the plasma implant controller 11 may communicate with the
housing of the plasma implantation chamber 1, the workpiece supporf 2, electrode 5, hollow
pulse source 6, the gas source 14 and other components to provide a suitable source of
ionizable gas and electric fields to generate a suitable plasma and implant ions in the
semiconductor wafers 4 as well as perform other desired functions. In this embodiment, the
piasma generating device generates-a plasma by exposing a gas provided by the gas source 14

containing desired dopant materials to an electric field established by the hollow pulse source
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6. Ions in the plasma may be accelerated toward and implanted into the semiconductor wafer 4
by an electric field established between the electrode 5 and the workpiece support
2/semiconductor wafer 4. Additional details regarding such a plasma generating device are
provided in U.S. Patent 6,182,604 and U.S. application serial no. 10/006,462, which are both
hereby incorporated by reference in their entirety.

Overall, system-level control of the plasma implantation system 100 may be performed
by a system controller 10 which may provide control signals to the associated plasma implant
controller 11, wafer drive controller 12 and vacuum controller 13 as well as other suitable
systems for performing the desired input/output or other control functions. Thus, the system
controller 10, the plasma implant controller 11, the wafer drive controller 12 and the vacuum
controller 13 together form a controller 101 that controls the operation of the plasma
implantation system 100. The controller 101 may include a general purpose data processing
system, which can be a general purpose computer, or network of general purpose computers,
and other associated devices, including communications devices, modems, and/or other
circuitry or components necessary to perform the desired input/output or other functions. The
controller 101 can also be implemented, at least in part, as a single special purpose integrated
circuit (e.g., ASIC) or an array of ASICs, each having a main or central processor section for
overall, system-level control, and separate sections dedicated to performing various different
specific computations, functions and other processes under the control of the central processor
section. The controller 101 can also be implemented using a plurality of separate dedicated
programmable integrated or other electronic circuits or devices, e.g., hard wired electronic or -
logic circuits such as discrete element circuits or programmable logic devices. The controller
101 can also ihcluae any other compdnents or devidés, such as user input/output-devices |
(monitors, displays, printers,,‘a keyboard, a user pointing device, touch screen, etc.), drive
motors, linkages, valve controllers, robotic devices, vacuum and other pumps, pressure
sensors, ion detectors, power supplies, pulse sources, and so on. The controller 101 may also
control operation of other portions of the system 100, such as automated, robotic wafer
handling systems, load lock devices, vacuum valves and seals, etc. (not shown) to perform
other suitable functions as is well known in the art, but not described in detail herein.

In accordance with one aspect of the invention, a semiconductor substrate may be
implanted with ions from a plasma while the semiconductor substrate‘ is in two or more
different positions relative to the plasma or a plasma discharge region. Thus, in accordance

with this aspect of the invention, a semiconductor wafer may be located in a first position and .
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ions from a plasma implanted in the wafer, then the semiconductor wafer is moved to a second
position where ions from the plasma again are implanted into the wafer. For example, the
semiconductor substrate may be moved during the implantation process so the substrate moves
between two different positions while ions are actually being implanted in the substrate.
Alternately, the semiconductor substrate may be at rest at two or more different positions
relative to the plasma discharge region or plasma when implanted with ions from a plasma. In
another embodiment, the semiconductor substrate may be in motion relative to the plasma or
plasma discharge region when implantation is initiated, but due to a short time during which
ions actually impact the substrate (e.g., because of pulsing of the plasma with an elecfric field),
the substrate may not move an appreciable distance during the time that ions actually impact
the substrate. In this embodiment, implantation processing may include multiple, short
duration implantation cycles during which ions are implanted in the substrate. As discussed
above, moving a semiconductor substrate during implantation processing may compensate for
noh-uniformities in the implantation due to spatial and/or temporal variations in the plasma,
variations in the electric ﬁelds present near the semiconductor substrate during implantation,
and/or other parameters which affect implantation uniformity.

In the illustrative embodiment of Fig. 1, a semiconductor wafer 4 may be mounted to
the workpiece support 2 and moved relative to the plasma or plasma discharge region 7 in any
suitable way. For example, as shown in Fig. 2, the workpiece support 2 may include a disk on
which a plurality of wafers 4 (e.g., 10 or more wafers 4) are mounted in a circular or other
array. Alternately, one or more wafers 4 may be mounted to a workpiece support 2 having a
different arrangement than the disk shown. The wafers 4 may be mounted to the workpiece
support 2 by an electrostatic, centrifugal or mechanical chuck or by other means. In addition,
the semiconductor wafers 4 may electrically communicate with at least a portion of the
workpiece support 2, e.g., so that an appropriate electric field may be generated to implant ions
in the plasma into the semiconductor wafer 4. Semiconductor wafer mounting arrangements
for workpiece supports, such as a rotating disk used in conventional beamline ion implantation
systems are well known to those of skill in the art. Thus, details regarding the variety of |
suitable wafer mounting systems are not provided herein.

The workpiece support 2 may be driven to rotate by a shaft 3 coupled to a wafer drive
controller 12 which may include a servo drive motor that rotates the workpiece support 2 at a
desired rate. As the wafers 4 are rotated or otherwise moved in the plasma implantation

chamber 1, the wafers 4 may be periodically presented to the plasma for implantation, i.e., the
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wafers 4 may be suitably positioned relative to the plasma for implantation. Alternately, or in
addition to rotary movement, the wafer drive controller 12 may move the wafer 4 in a radial
direction relative to the disk rotation as shown by the up and down oriented arrows 21. Asa
result, the semiconductor wafer 4 may be moved in a circular path within the plasma
implantation chamber 1 so that the wafer 4 moves in an arcuate trajectory relative to the
plasma or plasma discharge region 7, as well as being moved in a linear (e.g., radial) direction
relative to the plasma or plasma discharge region 7. Other suitable movement of the wafer 4 is
contemplated, including tilting, pivoting or other movement of the wafer 4 on the workpiece
support 2 or otherwise relative to the plasma discharge region 7. Likewise, the wafer may be
moved along one or more linear paths in one or two dimensions.

In other embodiments, a wafer 4 may be moved so that it is continuously presented to
the plasma discharge region 7, but changed in position relative to the plasma discharge region
7. For example, a wafer may be rotated on a disk about an axis of rotation 22 that passes
through the wafer and/or the plasma discharge region 7 as shown in Fig. 3 and described in
U.S. Application Serial No. 10/006,462, rather than about an axis of rotation that does not pass
through the wafer or plasma discharge region 7 as is shown in Figs. 1 and 2. In tlﬁe illustrative
embodiment of Fig. 3, a rotatably mounted workpiece éuppoﬂ 2 may be arranged to support
only one wafer relative to the plasma discharge region 7 of the plasma generating device.
Alternately, the workpiece support 2 may have an arrangement such as that shown in Fig. 2
while having the capability to rotate each of the wafers about an axis that passes near each
wafer’s center. In this alternate arrangement, multiple wafers may be mounted to the
workpiece support 2 which indexes through each of the wafers to implant the wafers one-at-a-
time at the plasma discharge region 7. The wafer(s) may be rotated about an axis 22 that

passés near the center of the wafer at any suitable speed, such as about 10 to 600 RPM. The

© rotational speed of the wafer may be selected so that if the plasma is pulsed, the pulse rate

applied to the plasma is greater than the rotational speed and/or so that rotation of the wafer is
not synchronized with the pulse rate. By rotating the wafer during an implantation process,
azimuthal uniformity variations may be averaged over the wafer surface, thereby increasing
dose uniformity. ,

In the illustrative embodiment of Figs. 1 and 2, the wafers 4 on the disk of the
workpiece support 2 may be rotated by the wafer drive controller 12 within the plasma
implantation chamber 1 at a suitable rate, such as 1,000 RPM. As a result, each wafer 4 on the

support 2 may be presented to the plasma for implantation approximately 1,000 times per
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minute. Voltage pulses applied by the plasma implént controller 11 to the électrode 5 and/or
the workpiece support 2 to accelerate and implant ions in the plasma into the semiconductor |
wafers 4 may be adjusted in frequency and timing so that implantation occurs when the wafers
4 are suitably positioned relative to the plasma and ions are uniformly implanted in the

semiconductor wafers 4 over the course of the implantation processing. In one illustrative

embodiment, voltage pulses may be applied to the plasma at a rate of approximately 1500

pulses per second. Pulsing the plasma at a rate (frequency) greater than a rate at which the
wafers 4 are presented to the plasma for implantation may compensate for non-uniformities in
the implantation process. Thus, by pulsing the plasma at a relatively high rate compared to the
rate at which wafers are presented to the plasma, pseudo-random portions of the wafers may be
implanted with ions from the plasma for each pulse. By varying the portions of the wafers that
are implanted for each pulse, non-uniformities in the system may be averaged out or otherwise
compensated for to achieve overall uniformity in implantation of the wafers. Those of skill in
the art will appreciate that the pulse rate and rotation of the wafers in some embodiments
should be adjusted so that the pulsing is not improperly synchronized and the wafers are

improperly implanted, e.g., so that one portion of a wafer is implanted with a larger dose than

- another portion of the wafer. However, it is also contemplated that the timing of pulses applied

to the plasma (if used) may be synchronized with the angular position of wafers 4 and/or the

workpiece support 2 so that the position of wafers 4 relative to the plasma or plasma discharge

region 7 at each pulse may be better controlled. Of course, pulses need not be applied to the

plasma to accelerate ions into the wafers, but instead other plasma implantation processes, such

as a longer duration voltage applied to the plasma, may be used.

By moving the semiconductor wafer during implantation, temporal and/or spatial non-
uniformities in the plasma, electric fields near the wafer 4 or other parameters that affect
implantation may be averaged out over a particle implantation area of the wafer. For example,
if during one period of implantation a portion of a wafer 4 receives a smaller dose density than
other portions of the wafer 4, movement of the wafer 4 may result in that area receiving a
higher dose density than other portions during a later implantation period. The precise
mechanism by which movement of the semiconductor wafer may compensate for non-
uniformity in the wafer dose méy vary depending upon various implantation parameters, such
as the size and/or shape of the plasma discharge region, the shape of electric fields generated
near the wafer during implantation, or other areas. Thus, various movements or combination

of movements of the semiconductor wafer 4 may be arranged to compensate for dose non-
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uniformities for a given plasma implantation arrangement. Movement of the wafer 4 may be
adjusted or otherwise controlled based on a pre-programmed movement routine, and/or based
on a feedback control arrangement. For example, a rotational speed of the disk carrying wafers
may be adjusted to achieve a desired dose uniformity in the wafers or total dose delivered to
the wafers. In a feedback control afrangemént, Faraday cups or other sensors capable of

providing an output representative of a dose being delivered to at least a portion of a wafer 4

may be used to adjust wafer movement and compensate for variations in the implantation

parameters. Such sensors may be provided around or otherwise near the wafer 4 on the
workpiece support 2, as shown in U.S. Patent 6,020,592.

It should be understood that movement of the semiconductor wafer 4, as used herein, is
relative to the plasma or plasma generating area, so movement of the semiconductor wafer is
determined using the plasma or plasma discharge region as the reference point. Thus, a plasma
implantation system may be arranged so that the plasma or plasma generating device moves
relative to the semiconductor wafer 4 as viewed from outside the plasma implantation chamber
1. Accordingly, moving the semiconductor wafer 4 relative to the plasma or plasma discharge
region 7 may include moving the semiconductor wafer 4 and/or moving the plasma or plasma
discharge region 7 relative to a reference point outside the plasma implantation chamber 1.

It should be understood that as used herein, implanting ions from a plasma into a
semiconductor wafer while the semiconductor moves is intended to refer at least to situations
in which the wafer moves an appreciable distance during a period in which ions are actually
being implanted into the wafer, as well as situations in which implantation or an implantation
cycle is initiated while the wafer is moving. For example, in some plasma implantation
systems, short duration puls’esv are applied to the plasma to accelerate ions in the plasma and
implant them in the wafer. Due to the sometimes short duration of these pulses, the wafer may
not actually move an appreciable distance during the time that ions are actually impacting the
semiconductor wafer 4. However, as used herein, implanting ions from a plasma in a wafer
while the wafer moves is intended to cover situations in which implantation is initiated, e.g., a
pulse is first applied to a plasma, while the wafer is in motion. Likewise, the term implantation
processing or an implantation process may include multiple implantation cycles where a
plasma is pulsed with a voltage once for each cycle, and/or include one or more longer

duration implantation cycles where the plasma is subjected to a longer duration or continuous

voltage signal.
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In another aspect of the invention, ions in a plasma may be implanted into an area’ ofa
semiconductor substrate, such as a semiconductor wafer, that is smaller than a particle
implantation area of the substrate where ions are to be implanted. For example, a particle
implantation area of a semiconductor wafer may include one entire face of the semiconductor
wafer, or a portion of the face. In accordance with this aspect of the invention, only a portion
of the entire particle implantation area may be implanted with ions from a plasma during a
portion of an implantation process. Such partial implantation may be achieved in a number of
different suitable ways, including generating a plasma ina f)lasma discharge region that is
smaller than a particle implantation area of a semiconductor substrate, or exposing only a
portion of a particle implantation area to a plasma for implantation.

For example, Fig. 2 shows a perspective view of the workpiece support having a
plurality of semiconductor wafers mounted in a circular array to the support 2 as well as the
electrode 5 and hollow pulse source 6. In this illustrative embodiment, the hollow pulse source
6 is sized to generate a plasma suitable for implanting the entire exposed surface of each
semiconductor wafer 4. However, it should be understood fhat the plasma generating device
may be differently sized or shaped. For example, although the plasma discharge region formed
by the hollow pulse source 6 is approximately circular in this illustrative embodiment, the
plasma discharge region may be rectangular, oval or otherwise suitably shaped. In addition,
the plasma discharge region need not be as large as the particle implantation area on the
semiconductor wafers 4. That is, the plasma discharge region may be smaller than the
semiconductor wafers 4 and effectively scanned over the particle implantation area.

‘ " However the plasma discharge region is sized and/or shaped, the plasma implantation
system 100 may operate so that only a portion of the particle implantation area of each
semiconductor wafer 4 is implanted with ions from the plasma during a given period of an
implantation process. For example, as shown in Fig. 4, as a wafer is rotated past the plasma
discharge region 7 on the disk of Fig. 2, pulses may be applied to the plasma to implant
different portions of the wafer. Fig. 4 illustrates five different positions of a wafer, 4-1 through
4-5, where a pulse is applied to the plasma and the wafer 4 is implanted. At position 4-1, a left
portion of the wafer 4 presented to the plasma discharge region 7 is implanted based on a pulse
corresponding to position 4-1. At position 4-2, a majority of the wafer 4 is presented to the
plasma discharge region 7 and is implanted. At position 4-3, the entire wafer is presented to
the plasma discharge region 7 and is implanted. At position 4-4, a left portion of the wafer 4 is

not exposed to the plasma, and thus approximately the right half of the wafer 4 is implanted
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based on the pulse corresponding to position 4-4. At position 4-5, only the right portion of the |
wafer 4 presented to the plasma discharge region 7 is implanted for the pulse at position 4-5.
Such an arrangement may allow for controlled non-uniformity in implantation, e.g.,
preferentially increasing a total dose for some portions of a wafer as compared to other
portions of the wafer, or may allow for increased overall uniformity of implantation in the
wafer.

It should be understood that aspects of the invention are not limited to the illustrative
embodiment of Fig. 4. That is, the plasma need not be pulsed, but instead a longer duration
voltage may be applied to the plasma as the wafer moves between two or more of the positions
4-1 to 4-5. Alternately, the plasma may be pulsed for other wafer positions than those shown,
or only for certain positions shown in Fig. 4. For example, the plasma may be pulsed only
once for each rotation of a wafer when the wafer is at a position corresponding to position 4-3
shown in Fig. 4. As discussed above, it is also contemplated that the wafers may be moved in
a linear direction relative to the plasma discharge region 7, rather than an arcuate trajectory

shown in Fig. 4.

In accordance with another aspect of the invention, a plurality of semiconductor

‘substrates, such as semiconductor wafers, may be provided in a plasma implantation chamber

for simultaneous processing. This is in contrast to conventional plasma implantation systems

in which one wafer is provided in a plasma implantation chamber and implanted with ions
from a plasma. By providing multiple semiconductor wafers in a chamber and simultaneously
implantation processing the wafers, per wafer implant times can be reduced. The per wafer
implantation processing times may be reduced because only one major evacuation of the
plasma implantation chamber 1 may be required for a plurality of wafers. That is, in
conventional plasma implantation systems, a single wafer is positioned in an implantation
chamber at low pressure (relatively high vacuum) and the chamber is closed. The chamber is
then filled with a suitable dopant gas, implantation is performed, and the gas in the chamber is
pumped out to again establish a low pressure in the chamber, After evacuation of the chamber
is complete, the implanted wafer is removed from the chamber and a next wafer for processing
is placed in the chamber. The chamber is again filled with dopant gas, implantation is
performed, the chamber eévacuated, and the implanted wafer removed. In accordance with this
aspect of the invention, only one major evacuation of the chamber and/or fill of the chamber
with dopant gas may be required for a plurality of semiconductor wafers. Thus, the relatively

long evacuation time may be spread over multiple wafers, thus reducing the per wafer
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processing time. Other efficiencies in the plasma implantation process may be réalized by the
simultaneous implantation processing of multiple wafers in a single implantation chamber.
While the invention has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to
5 those skilled in the art. Accordingly, preferred embodiments of the invention as set forth
herein are intended to be illustrative, not limiting. Various changes may be made without

departing from the spirit and scope of the invention.
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CLAIMS
1. A plasma implantation system comprising:
a plasma implantation chamber;

a workpiece support that moves at least one workpiece within the plasma implantation
chamber; , ' |

a plasma generating device constrtictéd and arranged to generate a plasma at or near a
workpiece surface to implant ions in the at least one workﬁiece; and |

a controller that causes the workpiece support to move the at least one W01‘kpiece
within the plasma implantation chamber during an implantation process during which the

controller causes the plasma generating device to generate a plasma and implant ions in the at

least one workpiece.

2. The system of claim 1, wherein the controller includes a workpiece drive controller that

moves at least a portion of the workpiece support in the plasma implantation chamber.

3. The system of claim 1, wherein the controller includes a plasma implant controller that
controls the introduction of process gas and generation of an implantation plasma in the plasma

implantation chamber.

4. The system of claim 1, wherein the workpiece support includes a disk, constructed and
arranged to support a plurality of workpieces, that is mounted for rotation in the plasma

implantation chamber.

5. The system of claim 4, wherein the disk supports the plurality of workpieces in a

circular array on the disk.

6. The system of claim 4, wherein the workpiece support moves the workpieces in a

circular path in the plasma implantation chamber.

7. The system of claim 4, wherein the workpiece support moves the workpieces in an arc-

shaped trajectory relative to a region where the plasma generating device generates the plasma.
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8. The system of claim 4, wherein the workpiece support is constructed and arranged to

move the plurality of workpieces in a radial direction relative to rotation of the disk.

9. The system of claim 1, wherein the workpiece support is constructed and arranged to

move the at least one workpiece to adjust a uniformity of ions implanted in the workpiece.

10.  The system of claim 1, wherein the plasma generating device is constructed and
arranged to generate a plasma suitable for implanting ions in only a portion of a workpiece on

the workpiece support.

11.  The system of claim 1, wherein the workpiece support is constructed and arranged to
periodically present the at least one workpiece to the plasma for implantation, and the plasma
generating device is constructed and arranged to apply pulses to a plasma to accelerate ions in
the plasma to impact a workpiece, a rate at which pulses are applied to the plasma being

greater than a rate at which the workpiece support presents the at least one workpiece to the

plasma for implantation.

12

PN

The system of claim 1, wherein the at least one workpiece includes a plurality of
workpieces that are simultaneously processed in the plasma implantation chamber to implant

the plurality of workpieces with ions from the plasma. -

13.  The system of claim 1, wherein the workpiecé support is constructed and arranged to

rotate the at least one workpiece about an axis that passes through the workpiece.

14. A method for implanting ions in a workpiece, comprising:
providing a plurality of workpieces within a plasma implantation chamber;
moving the plﬁrality’ of wprkpieces in the plasma implantation chamber; and
implanting ions from a plasmé. located at or near a surface of at least one of the
plurality of workpieceé intb the at least one of the plurality of workpieces while the at least one

of the plurality of workpieces moves in the plasma implantation chamber.



WO 2004/010458 . . PCT/US2003/022433

10

15

25

30

- 16 -

15.  The method of claim 14, wherein the step of moving the plurality of workpieces
comprises moving the plurality of workpieces in a circular path in the plasma implantation

chamber, the circular path having an axis of rotation.

16.  The method of claim 15, wherein the axis of rotation does not pass through any one of

the plurality of workpieces.

17. The method of claim 14, wherein the step of implanting ions comprises generating a
plasma in a plasma discharge region that is smaller than a particle implantation area of each of

the workpieces in which ions are implanted.

18.  The method of claim 14, wherein the step of moving the plurality of workpieces
comprises periodically presenting each of the plurality of workpieces to the plasma for particle
implantation, and the step of implanting ions comprises pulsing the plasma with an electric
field at a rate that exceeds a rate at which each of the plurality of workpieces is presented to the

plasma for particle implantation.

19.  The method of claim 14, wherein the step of moving the plurality of workpieces
comprises adjusting a speed of the plurality of workpieces to adjust for variations in dose

uniformity or a total dose provided to the plurality of workpieces.

20. A method for implanting ions in a semiconductor workpiece, comprising:

providing at least one workpiece in a plasma implantation chamber;

generating a plasma in a plasma discharge region located at or near a surface of the at
least one workpiece in the plasma implantation chamber;

implantihg ions in the plasma in the at least one workpiece while the at least one
workpiece is in a first position relative to the plasma discharge region;

moving the at least one workpiece relative to the plasma discharge region without
removing the at least one workpiece from the plasma implantation chamber; and |

implanting ions from a plasma in the at least one workpiece while the at least one

workpiece is in a second position relative to the plasma discharge region.
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21. The method of claim 20, wherein the step of moving the at least one workpiece

- comprises moving the at least one workpiece in an arcuate path relative to the plasma

discharge region.

22.  The method of claim 20, wherein the step of generating a piasma comprises generating
a plasma in a region that is smaller than a surface of the at least one workpiece in which ions

are implanted.

23.  The method of claim 20, wherein the step of providing at least one workpiece
comprises mounting the at least one workpiece to a disk in the plasma implantation chamber,
and the step of moving the at least one workpiece comprises rotating the disk to move the at

least one workpiece relative to the plasma discharge region.

24.  The method of claim 20, wherein the step of moving the at least one workpiece
comprises periodically presenting the at least one workpiece to the plasma for implantation,
and further comprising pulsing the plasma with an electric field at a rate that is greater than a

rate at which the at least one workpiece is periodically presented to the plasma.

25.  The method of claim 24, wherein the steps of implanting ions comprise implanting ions
for a single pulse of the plasma in an area of the at least one workpiece that is smaller than an

entire area of the at least one workpiece in which ions are to be implanted.

26.  The method of claim 20, wherein the step of moving the at least one workpiece
comprises moving the at least one workpiece in the plasma implantation chamber to improve

uniformity of ions implanted in the at least one semiconductor wafer from the plasma.

27.  The method of claim 20, wherein the step of providing at least one workpiece
comprises mounting a plurality of semiconductor wafers to a disk in the plasma implantation
chamber, and the step of moving the at least one workpiece comprises rotating the disk in the

plasma implantation chamber with the plurality of semiconductor wafers mounted to the disk.
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28. The method of claim 20, wherein the step of moving the at least one workpiece

comprises rotating the at least one workpiece around an axis that passes through the at least

one workpiece.

29.  The method of claim 20, wherein the step of moving the at least one workpiece
comprises adjusting movement of the at least one workpiece to improve dose uniformity or a

total dose provided to the at least one workpiece.

30. A method for implanting ions in a semiconductor wafer, comprisingﬁ '

providing at least one semiconductor wafer in a plasma implantation chamber, the at
least one semiconductor wafer having a particle implantation area where ions are to be
implanted,; _
generating a plasma located at or near a surface of the at least one semiconductor wafer
in the plasma implantation chamber; and

implanting ions in the plasma in the at least one semiconductor wafer in an area of the

at least one semiconductor wafer that is smaller than the particle implantation area of the

wafer.

31.  The method of claim 30, wherein the steb of implanting ions comprises implanting ions
in the at leést one semiconductor wafer when the at [east one semiconductor wafer is at a first
pbsition in the plasma implantation chamber; and further comprising impfanting ions in the at
least one semiconductor wafer when the at least one semiconductor wafer is in a second

position in the plasma implantation chamber.
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