wo 2015/200005 A1 |00V RO O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/200005 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

HO01J 37/18 (2006.01) HOIL 21/67 (2006.01)

International Application Number:
PCT/US2015/035512

International Filing Date:
12 June 2015 (12.06.2015)

Filing Language: English
Publication Language: English
Priority Data:

14/317,778 27 June 2014 (27.06.2014) US
Applicant: AXCELIS TECHNOLOGIES, INC.

[US/US]; Attn: Denis A. Robitaille, 108 Cherry Hill Drive,
Beverly, Massachusetts 01915 (US).

Inventors: HUSEINOVIC, Armin; 11 Maytlower Road,
Winchester, Massachusetts 01890 (US). FERRARA,
Joseph; 10 Long View Way, Georgetown, Massachusetts
01833 (US). TERRY, Brian; 7 Baker Street, Amesbuty,
Massachusetts 01913 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

30 December 2015 (30.12.2015) WIPO I PCT
International Patent Classification:
HO01J 37/317 (2006.01) HO01J 37/20 (2006.01)

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: HIGH THROUGHPUT HEATED ION IMPLANTATION SYSTEM AND METHOD

cool apparatus, pump, vent, and thermal chuck.

(57) Abstract: An ion implantation system
has an ion implantation apparatus coupled
to first and second dual load lock assem-
blies (136), each having a respective first
(138) and second (140) chamber separated
by a common wall (146). Each first cham-
ber has a pre-heat apparatus configured to
heat a workpiece to a first temperature.
Each second chamber has a post-cool ap-
paratus configured to cool the workpiece to
a second temperature. A thermal chuck re-
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selective fluid communication with the first
and second chambers. A controller is con-
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temperature in an atmospheric environment
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a control of the pre-heat apparatus, post-

~148

-4 1,160




10

15

WO 2015/200005 PCT/US2015/035512

TITLE: HIGH THROUGHPUT HEATED ION IMPLANTATION SYSTEM
AND METHOD

FIELD OF THE INVENTION

The present invention relates generally to workpiece processing systems

and mathods for processing workpieces, and more specifically to a system and
method for heated ion implantation of workpieces whersin throughput is

maximizad.

BACKGROUND OF THE INVENTION

In semiconductor processing, many operations may be performed on a

single workpiece or semiconductor wafer. In general, each processing operation
on a workpiece is typically performed in a particular order, whersin sach
operation waits untit completion of a preceding operation, thus affecting the time
at which the workpiece will become available for a subsequent processing step.
Tool productivity or throughput for relatively short processes performed under
vacuum, such as ion implantation, can be seversly limited if the process flow
leading to the processing location is interrupted by seguential events associated
with such processing. For example, operations such as an exchange of
workpieces between transport carriers or storage casseties and the processing
system, a fransfer of the workpiece from an atmospheric environment into an
evacuated environment of an implantation chamber of the processing system,
and an orientation of the workplece (e.g., notch alignment) within the evacuatad
snvironment, can have a significant impact on tool productivity.

Processing of 2 workplecs, such as ion implantation, for example, is
typically performed at a reduced pressure within an implantation chamber,
whergin ions are generally accelerated along a beam line, and wherein the ions
enter the evacuated implantation chamber and strike the workpiece in a

1
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predetermined manner {e.g., a predetermined dose, energy, efc.). Several
operations are typically performed sading up to the implantation in order {o
introduce the workpiece into the implantation chamber, as well as to properly
position and orlent the workpiecs with respect {0 the ion beam within the ion
implantation chamber, For exampile, the workpiece is transferred via a robot
from an atmospharic cassetle or storage device into a load lock chamber,
wherein the load lock chamber is subsaquently evacuated in order to bring the
workpiece into the vacuum processing environment of the ion implanter. The
cassatie or storage device, for example, may be delivered to the ion implanter via
a conveyor system or other type of delivery apparatus.

As ion implantation processing technology advances, hot ion implantation
processes are becoming more common, where a workpiece is heated and
implanted with ions at process temperatures ranging from 300°C - 800°C. This
process femperature is typically achieved via an electrostatic chuck (ESC) that
holds the workpiece during implantation. Such heating via the electrostatic chuck
in the vacuum environment of the ion implantation chamber can be time
consuming and cause a significant impact to workpiece throughput. Further,
when a relatively cold workplece at room temperature is clamped and heated by
an glectrostatic chuck to such high process temperatures, thermal expansion of
the workpiece can cause delaterious movement of the workpiece with respect fo
the ESC, causing particles and premature wear of the clamping surface andior
slectrodes of the ESC.

SUMMARY OF THE INVENTION

The present invention overcomas the limitations of the prior art by

providing & system, apparatus, and method for transferring workpleces between

atmospheric and vacuum environments of high temperaturs ion implantation
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systems, while maximizing throughput and minimizing costs of ownership
associated with the systems.

Accordingly, the following presents a simplified summary of the invention
in order to provide a basic understanding of some aspects of the invention. This
summary is not an exiensive overvisw of the invention. s intended to neither
identify key or critical elemeants of the invention nor delineats the scope of the
invention. its purpose is o present some concepts of the invention in a simplified
form as a prelude to the more detailed description that is presented later.

The present invention is directed generally toward an ion implantation
systam having an ion implantation apparatus. The lon implantation apparatus is
configured to direct an ion beam toward a process chamber, wheregin the process
chamber has a vacuum environment associated therewith, A first dusl load lock
assembly and a second dual load lock assembly are provided, wherein sach of
the first dual load lock assembly and second dual load lock assembly
raspectively comprises a first chamber and a second chamber,

Respective internal volumes of each first and second chamber are
generally isolated from one another by a common wall, wherein each of the first
chamber and second chamber has a respeactive vacuum door and an
almospheric door. Each respective vacuum door is configured to provide
selactive fluid communication between the respective first chamber and second
chamber and the vacuum environment. Each respective almospheric door is
configured o provide selective fluld communication between the respective first
chamber and second chamber and an atmospheric environment.

According o oneg exemplary aspect, each first chamber has a pre-heat
apparatus associated therewith, wherein the pre-heat apparatus is configured to
heat a workpiece disposed within the first chamber to a first temperature.

According fo another aspect, each second chamber has a post-cool apparatus



WO 2015/200005 PCT/US2015/035512

configured o cool the warkpiecs to a second temperature when the workpiecs is
disposed within the respective second chamber. The common wall between the
first and second chambers of each of the first and second dual load lock
assamblies separates the first and second chambers and also generally defines
5  athermal barrier between the respective first and second chambers. The
thermal barrier, for example, comprises a plate having a first cooling channel
passing therethrough, wherein a first cooling fluid passing through the first
cooling channel substantially thermally isolates the first and second chambers
from one another. According fo one example, the plate generally defines a cold
10 plate configured to support the workpliece within the second chamber, and
wherein the first cooling fluid passing through the first cooling channel
substantially cools the workpiece 1o the second temperature.
A thermal chuck, for example, is further configured to selectively retain the
workpisce thereon within the process chamber. The thermal chuck is further

o
LA

configured to heat the workpisce to a third temperature that is greater than the
first temperature, and wherein the thermal chuck retains the workpiece therson
concurrent with the ion beam impinging on the workpiece. The thermal chuck,
for example, comprises a heated slactrostatic chuck.
A pump is further provided in selective fluld communication with the first

20 and second chambers of the respective first and second dual lnad lock

assemblies, and a vent is further provided in selective fluid communication with

the first and second chambers of the respective first and second dual load lock

assemblies.

According to ancther exemplary aspect, a controller is provided and

25 configured to heat the workpiece to the first temperature in the atmospheric
environment via the pre-heat apparatus, and {o then heat the workpiece to the

third temperature wa the thermal chuck for heated ion implantation. The
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controlier can be configured to implant ions inte the workpiecs via the ion
implantation apparatus, and to cool the workplece to the second temperature via
the post-cool apparatus. The controller is further configured to selactively
transfer the workpiece between the atmospheric environment and the vacuum
environment via a control of the pump, vent, and the respactive atmospheric
doors and vacuum doors of the respective first dual load lock assembly and
second dual load lock assembly.

To the accomplishment of the foregoing and relasted ends, the invention
comprises the features herelnafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative embodiments of the invention. These embodiments are
indicative, however, of a few of the various ways in which the principles of the
invention may be employed. Other objects, advantages and novel features of the
invention will become apparent from the following detailed description of the

invention when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 flustrates a block diagram of an exemplary heated on implantation

system in accordance with one aspect of the present disclosure.

Fig. 2 lllustrates a perspsclive view of an exemplary dual load lock
assembly according to another aspect of the disclosure.

Fig. 3 lustrates another perspective view of an examplary dual load lock
assembly according to another aspect of the disclosure.

Fig. 4 fllustrates a partial cross-sectional view of an exemplary dual load
lock assembly according to another aspect of the disclosure,

Fig. 5 Hllustrates a plan view of a first chamber of an exemplary dual load
lock assembly according to another aspect of the disclosure.
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Fig. 6 Hllustrates a perspective view of a first chamber of an exemplary
dual load lock assembly according to another aspect of the disclosure.

Fig. 7 Hlustrates a perspective view of a common wall of an exemplary
dual load lock assembly according {o ancther aspect of the disclosure.

Fig. 8 Hlustrates an exemplary radiant heat source in accordance with
another aspect of the disclosurs.

Fig. @ Hlustrates ancther exemplary heated ion implantation system
according o another aspect of the disclosure.

Fig. 10 is a block diagram illustrating an exemplary method for heated ion
implantation of workpleces according to another exemplary aspect of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed generally toward ion implantation

systems, and more particularly, 1o a heated ion implantation system having a
high workpiece throughput capacily. Accordingly, the present invention will now
be described with reference to the drawings, wherein like reference numerals
may be used to refer {o like elements throughout. It should be understood that
the description of these aspects are merely fliustrative and that they should not
be interpreted in a limiting sense. In the following description, for purposes of
explanation, numerous specific detalls are set forth in order to provide a thorough
understanding of the present invention. it will be evident fo one skilled in the art,
howaver, that the present invention may be practiced without these specific
details.

in accordance with one aspect of the present disclosure, Fig. 1 lustrates
an exemplary ion implantation system 100. The ion implantation system 100 in

the present example comprises an exemplary ion implantation apparatus 101,



1o

20

WO 2015/200005 PCT/US2015/035512

however various other types of vacuum-based semiconductor processing
systems are also contemplated, such as plasma processing systems, or other
semiconductor processing systems. The ion implantation apparatus 101, for
gxample, comprises a terminal 102, a beamline assembly 104, and an end
station 108.

Generally speaking, an ion source 108 in the terminal 102 is coupled o a
power supply 110 to ionize a dopant gas into a plurality of ions and o form an ion
beam 112. The ion beam 112 in the present example is directed through a mass
analysis apparatus 114, and out an aperiure 118 towards the end station 108, In
the end station 108, the ion beam 112 bombards a workpiece 118 {e.g., a
substrate such as a silicon wafer, a display pansl, ete.), which is selectively
clamped or mounied to a chuck 120 {e.g., an electrostatic chuck or ESC). Once
embedded into the lattice of the workpisce 118, the implanted ions change the
physical and/or chemical properties of the workplecs, Because of this, fon
implantation is used in semiconductor device fabrication and in metal finishing,
as well as various applications in materials sclence research.

The ion beam 112 of the present disclosure can take any form, such as a
pencil or spot beam, a ribbon beam, a scanned beam, or any other form in which
ions are directed toward end station 108, and all such forms are contemplated as
falling within the scope of the disclosure.

According to one exemplary aspact, the end station 108 comprises a
process chamber 122, such as a vacuum chamber 124, wherein a process
environment 126 is associated with the process chamber. The process
environment 126 generally exisis within the process chamber 122, and in one
sxample, comprises a vacuum produced by a vacuum source 128 {e.g., 2
vacuum pump) coupled fo the process chamber and configured to substantially

avacuate the process chamber.

e
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in one example, the ion implantation apparatus 101 is configured o
provide a high temperature ion implantation, wherein the workpiece 118 is
heated {0 a process temperature {(e.¢., approximately 800°C). Thus, in the
present exampile, the chuck 120 comprises a thermal chuck 130, wherain the
thermal chuck is configured o support and retain the workpisce 118 while further
heating the workplace 118 within the process chamber 122 prior to, during,
and/or after the exposure of the workpiece {o the ion beam 112.

The thermal chuck 130, for example, comprises an slectrostatic chuck
{(ESC) configured to heat the workplece 118 o a processing temperature that is
considerably greater than an ambient or atmospheric temperature of the
surroundings or external environment 132 (e.g., also called an “atmospheric
environment’). A heating system 134 may be further provided, wherein the
heating system is configured to heat the thermal chuck 130 and, in turn, the
workpiece 118 residing therson o the desired processing temperature,

The inventors appraciate that heating of the workpiece 118 to such high
process {emperatures can deleteriously affect cycle time through the ion
implantation system 100, wherein conventionally, the workpiece is allowed to
*soak” on the chuck 120 within the vacuum of the process environment 128 until
the desired temperature is reached. In order to increase process throughput, the
present disclosure thus provides a first dual load lock assembly 1364 and a
second dual load lock assembly 1368 operatively coupled to the process
chamber 122.

Fig. 2 illustrates an exemplary dual load lock assembly 138 in grealsr
detaill in accordance with several aspects of the disclosure. it should be noted
that the dual load lock assembly 136 and components thereof Hlustrated in Figs.
2-T can be considered to be representative of both of the first dual load lock
assembly 136A and the second dual load lock assembly 1388 of Fig. 1, wherein
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similar features can be present in both the first dual load lock assembly second
dual load lock assembly.

As fHlustrated in Figs. 2-4, for example, the dual load lock assembly 136
comprises a vertically stacked configuration, wherein first chamber 138 and a
second chamber 140 are substantially sligned one above the other, and wherein
respective internal volumes 142 and 144 associated with each of the first and
second chambers are generally isolated from one another via a common wall
148 that is shared betwsen the first and second chambers. Each of the first
chamber 138 and second chamber 140 has a respective vacuum door 148 and
atmospheric door 180 {e.g., one of sach vacuum door and atmospheric door is
iHustrated in Figs. 1 and 5). Each respective vacuum door 148 is configured {o
provide seleclive fiuld communication between the respective first chamber 138
or second chamber 138 and the vacuum environment 1268, Further, each
respective atmospheric door 150 is configured {o provide salective fluid
communication between the respective first chamber 138 or second chamber
140 and the atmospheric environment 132,

it is noted that in the present example, sach of the first chamber 138 and
sacond chamber 140 is provided with a separate vacuum door 148 and
atmospheric door 150, thereby providing a total of two vacuum doors and two
atmospheric doors per dual load lock assembly 138. However, it s also
contemplated that the dual load lock assembly 136 can be serviced by just one
vacuum door 148 and one atmospheric door 1580, servicing both of the first and
second chambers 138 and 140, Still further, a vacuum pump and vent 151
fltustrated In Fig. 1 can be further provided in selective fluld communication with
the first and second chambers 138 and 140 of each dual load lock assembly 136
lustrated in Fig. 2. The vacuum pump and vent 151 of Fig. 1 selectively

provides a vacuum io the interiors of the respective first and second chambers
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138 and 140 of Fig. 2 or venis the interiors of the respective first and second
chambers to atmosphere.

in accordance with one exemplary aspect of the present disclosure, the
first chamber 138 comprises a pre-heat apparatus 152, as illustrated in Figs. 2-6.
The pre-heat apparatus 152, for example, is configured to heat a workpiecs (not
shown) disposed within the first chamber 138 to a first temperature, which could
be on the order of approximately 300°C - 700°C. The first temperature, for
example, may be equal o, lower, or higher than the process temperature, which
in one example, can generally range between approximately 400°C to 800°C. A
first temperature that is lower than the process temperature can improve
throughput, while allowing further heat losses during subsequent transport of the
workpiece 118 to the process chamber 122. A first temperature that is higher
than the process temperature may limit otherwise-required heating on the
thermal chuck 130, but rather, the thermal chuck can simply maintain the
workpiece as the desired temperature. As such, heat losses can be minimized
during transfer of the workpiece 118 batween the first chamber 138 and the
thermal chuck 130,

Depending on the workflow based on the tool architecture, process, and
desired throughput, the workpiece 118 may be preheated {o the first temperature
via the pre-heatl apparatus 152, wherein the first temperature is equal o or lowsr
than the process temperaturs, thus allowing for a final thermal equalization on
the thermal chuck 130 inside the vacuum chamber 124 of Fig. 1. Such a scenario
allows the workpiece 118 1o lose some heat during transfer to the process
chamber 122, wherein final haating to the process temperature is performed on
the thermal chuck 130. Alternatively, the workpiace 118 may be preheated via
the pre-heat apparatus 152 to a first tempsrature that is higher than the process

temperature. Accordingly, the first temperature would be optimized so that

10
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cooling of the workpiece 118 during transfer to the process chamber 122 is just
anough for the workplece 1o be at the process temperature as it is clamped onto
the thermal chuck 130.

Accardingly, the pre-heat apparatus 152 associated with the first chamber
138 of the dual load lock assembly 138 can advantageously heat the workpiece
118 at the atmospheric pressure of the extemnal environment 132 prior to bringing
the workpigce to the vacuum of the process environment 128 of the process
chamber 120. For example, heat transfer into the workpiece 118 in a high
vacuum environment, such is within the process chamber 120, is largely
dominated by radiation. Tolal hemispherical emissivity of crystalline silicon in
temperatures betwsen 300°C and 500°C, for example, ranges belween
approximately 0.2 and 0.6, thus not lending itself well to fast wafer thermal
transients due {0 a low rate of irradiated heat absorption of the workpiece 118,

in order to accelerate the thermal ramp-up and enable an additional
mechanism for heat fransfer, the back side of the workpiece 118 is brought into
conductive communication with the thermal chuck 130, This conductive
communication is achieved through 2 pressure controlled gas interface (also
called "back side gas”) between the thermal chuck 130 and the workpiace 118,
Pressure of the back side gas, for example, is generally limited by the
electrostatic force of the thermal chuck 130, and can be generally kept in the
range of § — 20 Torr. The back side gas interface thickness {e.g., the distance
between the workpiece 118 and the thermal chuck 130) is controlled in the order
of microns (typically 5-20 um}, and as such, the molecular mean free path in this
pressure regime becomes large enough for the interface thickness to push the
system into the transitional and molecular gas regime.

Systems used herein, for example, can have a Knudsen number in the

range between Kn = 1 and Kn = 5. The transitional to molecular gas flow regims,
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for example, is described by a Knudsen number greater than unity (Kn = J/d »1,
where A is the average gas mean free path and d is the system characteristic
length — which in this case is the interface layer thickness. While in the viscous
gas regimea {(Kn<<1)}, thermal conductivity is not a substantial function of gas
pressure and density. In transitional {o molecular flow regime, a rarified gas
condition, with Kn>1, gas thermal conductivity becomes a strong function of gas
pressure and the system characteristic length.

increasing the pressure within this interface layer, for example, by way of
increasing thermal conductivity, can substantially decrease thermal resistance for
heat transfer betwsen the workpiece 118 and the thermal chuck 130. Lower
thermal resistance then allows for a relatively lower thermal gradient between the
thermal chuck 130 and the workpiece 118, as well as for an accelerated thermal
ramp for the workpiece o reach its sisady siate temperature. Faster thermal
gqualization of the workpiece 118 halps achieve better overall system workpiece
throughput.

Accordingly, the present disclosure appreciates benefits to providing a
high pressure environment for workplece pre-heating, as wall, so asto have a
viscous flow regime in the interface laver between the workpiece 118 and the
heat source, which in this case, is the pre-heat apparatus 182, Thus, maximum
thermal conductivity of the gas interface layer between the workpisce 118 and
the pre-heat apparatus 152 is achieved at the atmospheric pressure of the
atmospheric environment 132 and heat transfer performance is maximized.

Alternatively, the pre-heat apparatus 152 can heat the workpisce 118 at
the vacuum pressurs of the process environment 128. In vet another alternative,
the pre-heat apparatus 152 can heat the workpiece 118 during the same
timeframe that the first chamber 138 is being pumped down to transition from
atmospheric pressure {0 vacuum pressurs.

12
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The pre-heat apparatus 1582, for example, comprises a hot plate 154
positioned within the first chamber 138, as illustrated in Fig. 2. The hot plate 154,
for example, comprises a resistive heater, which could include a heating element
gmbedded in the hot plate, a heat pump, or other heating mechanism for
transmitling heat energy form the hot plate {0 the workpiece 118, According to
one example, a lifting mechanism 156 is further provided and configured to
sslaclively translate the workpiece {not shown} to and from a surface 158 of the
pre-heat apparatus 152, The lifting mechanism 1588, for example, comprises a
plurality of iift pins 160 {also shown in Fig. 8) sslectively extending through the
surface 158 of the hot plate 154, Alternatively, as illustrated in Fig. 4, the lifting
mechanism 158 comprises one or more supports 162 configured o selactively
engage and ift a periphery of the workpiece (not shown).

in accordance with another aspect, the pre-heat apparatus 152 shown in
Fig. B, for example, lllustrates gas evacuation channels 162 defined in the
surface 158 of the hot plate 154, wherein a gas {not shown) is provided within the
interface layer betwsen the workpiece 118 and the hot plate. For example, the
gas is allowed to evacuats during pump-down of the first chamber 138 through
the gas evacuation channels 182 without displacing the workpiece 118 that may
be otherwise caused by Hft forces from pressure differentials across the
workpisce.

According to another example, the pre-heat apparatus 152 of Fig. 1
comprises a radiant heat source 178. For example, the radiant heat source 179
comprises one or mors & halogen lamp, light emitling diods, and infra red
thermal device. In one example, the first chamber 138 comprises a window {not
shown), wherein the radiant heat source is disposed outside of the first chamber
and whereain the radiant heat source is configured o direct radiant energy

through a window toward the workplace disposed within the first chamber.

13
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in accordance with another example, the radiant heat source 179 of Fig. 1
comprises a generally holiow pan 195 having a ceramic lid 198, as illustrated in
Fig. 8. For example, an alloy-based heating slement 187 {e.g., Ni-Cr, Inconel,
etc.} is provided within the generally hollow pan 195, whersin the heating
slement is configured o selectively provide radiant energy to the ceramic lid 188,
A radiation shield 188 {e.g., molvbdenum, nickel, atc.) having low amissivity is
further provided. The ceramic lid 188, for example, is generally fiat and
comprised of silicon carbide or other suitable material. Thus, the ceramic lid 186
is configured to selactively haat the workpiece 118 when the workpiece resides
on a surface 199 of the ceramic id.

in accordance with another aspect of the disclosure, the second chamber
140 of the dual load lock assembly 136 comprises a postcool apparatus 180
configured to cool the workpiece 1o a second temperature when the workpiecs is
disposed within the second chamber subsequent to being implanted with ions
during fon implantation. The second temperature, for example, is substantially
lower than the first temperature and/or process temperaturs.

For example, the common wall 146 llustrated in Fig. 2 provides both a
physical and a thermal barrier 182 positioned between the first chamber 138 and
second chamber 140 of the dual load lock assembly 138. The common wall 148,
for example, further isolates the first chamber 138 form the second chamber 140
and can provide cooling to the exterior surfaces of the dual load lock assembly
136 while also providing cooling to the second chamber 140. The common wall
148, for example, can also provide cooling of the first chamber 138, The thermal
barrier 182, for example, comprises a plate 184 having a cooling channel 188
passing therethrough. A couoling fluld {(e.g., water} passing through the cooling
channel 186 substantially thermally isolates the first chamber 138 from the

second chamber 140. Tha plate 184, for example, can further generally define a
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cold plate 188 configured 1o support the workpiece within the second chamber
140, wherein the cooling fluid passing through the cooling channel further
substantially cools the workpiece o the second temperature.

Alternatively, the post-cool apparatus 180 comprises a chilled workpiece
support {(not shown) that is separate from the thermal barier 182, wherein the
chilled workpiece support is configured o actively cool a workpiece residing
thergon via thermal conduction. The chilled workpiece support, for example,
comprises a cold plate having a second cooling channsl passing therethrough,
wheregin a second cooling fluld passing through the second cooling channeal
substantially cools the workpiece residing on a surface of the cold plate,

As Hlustrated in Fig. 1, a controlier 188 is further provided and configurad
{o activate each respective pre-heat apparatus 152 o transmit heat energy to the
respactive workpiece 118 at the atmospheric pressure, therein raising a
temperature of the respective workpisce o a first predetermined temperature.
The controller 188, for example, is further configured to activate sach respective
post-cool apparatus 180 o cool the respective workpisce 118 o a second
predetermined temperature. The controlier 188 can be further configurad to heat
the workpiece 118 to the first temperature in the first chamber 138 via the pre-
heat apparatus 152, to heat the workplece to the processing temperature in the
pracessing chamber 122 via the thermal chuck 130, to implant ions into the
workpiece via the ion implantation apparatus 101, to cool the workpiece to the
segcond temperature in the second chamber 140 via the post-cool apparatus 180,
and to ssleclively transfer the workpiece betwsen the atmospheric environment
132 and the vacuum environment 126 via control of the pump and vent 151, and
the respective atmospheric doors 150 and vacuum doors 148 of the respective
first and second dual ioad lock assembliss 1384, 136B8.

Fig. § fllustrates the sxemplary heated ion implantation system 100 of Fig.

18
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1 in greater detail in accordance with the present invention, wherein it will be
appreciated that the architecture of the jon implantation system illustrated in Figs.
1 and 8, combined with the vertically stacked dual load lock assemblies 1384,
1368 described in detail herein, enables multiple process flows that can be
advantageously modified o enable a maximizad high throughput of workpieces
through the system. it should be noted that flow of workpieces 118 in the
following example can be reversed, as will be appreciated by one of ordinary
skill. For example, in a first embodiment, a workpiece 118 {e.g., typically in the
form of a wafer) can be delivered o and from the process chamber 122 such that
the workpiece is first transported by a first “in-air” robot 190A from a selected
front opening unifiad pod (FOUP) 192A, 1828 fo the first chamber 138A of a
selected dual load lock assembly 136A.

The workpiece 118 is heated al atmospheric pressure within the first
chamber 138, and the first chamber is then svacuated to bring the internal
snvironment thereof o vacuum pressure. This heating and pressurization can
oceur sequentially, simultaneously, or concurrently. However, the present
disclosure appreciates that heating the workpiece 118 in atmospheric pressure
provides various advantages, such as substantially fast thermal ramp-up speeds
that can be achieved at higher atimospheric pressures compared to lower
vacuum pressures. Further, it is noted that since the workpisce 118 is not fixedly
maintained within the first chamber 138 {e.g,, not clamped or restrained other
than by gravitational force), the workpiace is free to expand during heating, thus
minimizing chances for cracking, breakage, or particle creation due to thermal
expansion of the workpiece.

For example, when a relatively cold workpiece 118 is brought into the first
chamber 138, it undergoes a substantial temperature increase. In doing so,

added energy into the workpiece 118 drives material volumetric expansion of the
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workpigce. if the workpigce 118 was externally constrained {e.g., by a clamping
force of a chuck}, the expansion of the workpiece could cause internal stresses
within the workpiece due to these exiernal consiraints. As a result, back side
patticles and scralches on the workpiece 118 can be generated dus to friction.
Ultimately, such an over-constraining clamping force, in combination with thermal
gradients and thermal shock in the workpiece, can lead to breakage of the
workplece. It is therefore desirable to have an unconstrained system in which to
advantageously provide thermal equalization of the workpiece without external
forces. The system 100 of Fig. 1 does not require positive force clamping to
retain the workpiece 118 on the pre-heat apparatus 152, as the entire thermal
prehieat cycle can be performad in atmospheric pressure, wherein the only
exiernal forces acting on the workpiece are gravity and friction. Thus, the
workpliece 118 is relatively free to achieve its volumetric thermal expansion
without the above-mentioned over-consiraining external forces.

In accordance with the present example, once the workpiece 118 is pre-
heated vig the pre-heat apparatus 152, the workpiace is then transported from
the first chamber 138A to the process chamber 122 for ion implantation by a first
vacuum robot 1844 associated with the selscted dual load lock assembly (in the
present example, the first dual load lock assembly 138A). After the high
temperature ion implantation process is complete, the workpiece 118 can be
transported via a second vacuum robot 1848 associated with the dual load lock
assambly {&.g., in the present example, the second dual load lock assembly
1368} to the second chamber 1408 thersof. At this point, the workpisce 118 is
then cooled and the second chamber 140 is vented to bring the internal
environment thereof back to atmospheric pressure. The workpiece 118 is then
transported back to a FOUP 182C, 182D via a second “in-ai” robot 180B.

Alternatively, in a second embodiment, a workpiece 118 can be delivered

17
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to and from the process chamber 122 by transporting the workpiece from a
selacted FOUP 182 to the first chamber 138A of a selected dual load lock
assembly 136 {in the present example, dual load lock assembly 1368A), where the
workpiece is heated and the first chamber s subsequently evacuated {o bring the
internal environment thereof to vacuum pressure for subsequent delivery to the
process chamber 122 by a first vacuum robot 184A associated with the selected
dual load lock assembly. Thereafter, the workpiece 118 can be transported via
the same vacuum robot 184A associated with the same dual load lock assembly
136A to the second chamber 1404 thersof so that the workpiece can be cooled
and the second chamber vented to allow the workplece {o be fransported back to
the FOUP 1024, 192B via the first "in-alr” robot 180A. |t will be understood that
various alternative workflow paths can be enabled in an effort {o facilitate multiple
processing steps, in parallel, among the FOUPRS 192, robots 180, 184, dual lnad
iock assemblies 130, the first and second load lock chambers 138, 140 thereof,
and the process chamber 122.

Fig. 10 illusirates an exemplary method 200 for improving throughput in a
heated ion implantation process in accordance with the prasent invention, #t
should be noted that while exemplary methods ars illustrated and described
herein as a serigs of acts or events, #t will be appraciated that the present
invention is not limited by the illustrated ordering of such acls or events, as some
steps may occur in different orders and/or concurrently with other sleps apart
from that shown and described herein, in accordance with the invention. In
addition, not all ilustrated steps may be required to implement a methodology in
accordance with the present invention. Moreover, it will be appreciated that the
methods may be implemented in association with the systems Hllustrated and
described herein as well as in association with other systems not illustrated.

As illustrated in Fig. 10, the method 200 begins at act 202, whersin a

18
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workplecs is removed from a FOUP. The workpiece s placed in a first chamber
of a dual load lock assembly in atmospheric conditions in act 204, In act 208, the
workpisce is heated at atmospheric pressure in the first chamber to a first
temperature. In act 208, an atmospheric door of the first chamber is closed and
the first chamber is generally evacuated. Depending on the timing of act 208, the
heatling of act 206 can be carried out, either entirely or partially, at atmospheric
prassure, during transition from atmospheric pressure {0 vacuum pressure, or at
vacuum pressure. In act 210, a vacuum door of the Tirst chamber is opened, and
the workpiece is removed from the first chamber and placed on a heated chuck.
n act 212, the workpiece is heated via the heated chuck to a process
temperature, and the heated workpiecs is implanted with ions vig a healed ion
implant,

in act 214, once the heated ion implantation is complete, the workpiece is
placed in a second chamber of a dual load lock assembly and a vacuum door of
the second chamber is closed. In act 218, the workpisce is cooled to a second
temperature on a cooling plate that shares a wall with the first chamber. In act
218, an atmospheric door of the second chamber is opened, and the workpiece
is removed from the second chamber, Once again, depending on the timing of
act 218, the cooling of act 218 can be carried out, sither entirely or partially, at
vacuum pressure, during transition from vacuum pressure {0 atmospheric
pressure, or at atmospheric pressure.

Although the invention has been shown and describad with respectto a
certain preferred embodiment or embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the
reading and understanding of this specification and the annexed drawings. In
particular regard to the various functions performed by the above described

components {(assemblies, devices, circuits, slc.}, the terms (including a reference
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to a "means”} used to describe such components are intended o correspond,
unlass otherwise indicated, to any component which performs the specified
function of the described component ({e., that is functionally eguivalent), even
though not structurally equivalent to the disclosed structure which performs the
function in the herein llustrated exemplary embodiments of the invention. In
addition, while a particular feature of the invention may have been disclosed with
raspect {0 only one of several embodiments, such feature may be combinad with
one or more other fealures of the other embodiments as may be desired and

advantageous for any given or particular apphlication.
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WHAT IS CLAIMED I8!

1. An ion implantation system, comprising:

an ion implantation apparatus configured to direct an ion beam toward 8
process chamber, whersin the process chamber has a vacuum environment
associated therewith at a vacuum pressure;

a first dual load lock assembly and a2 second dual load lock assembly,
wherein each of the first dual load lock assembly and sscond dual load lock
assembly respectively comprises a first chamber and a second chamber,
wherein respective internal volumes of each first and second chamber are
generally isolated from one ancther and share a common wall therebetween, and
wherein each of the first chamber and second chamber has a respactive vacuum
door and atmospheric door, wherein each respective vacuum door is configured
o provide selective fluid communication betweean the respective first chamber or
sacond chamber and the vacuum environment, and wherein each respective
atmospheric door is configured o provide selactive fluld communication between
the respective first chamber or second chamber and an atmospheric environment
having an atmospheric pressure associated therewith, and wherein sach first
chamber has a pre-heatl apparatus associated therewith, wherein the pre-heat
apparatus is configured to heat a workpiece disposed within the respective first
chamber, and wherein each second chamber has a post-cool apparatus
associated therewith, wherein the post-cool apparatus is configured to cool the
workpiece disposed within the respective second chamber; and

a controller configured o activate sach respective pre-heat apparatus to
transmit heat energy 1o the respsctive workpiece at the atmospheric pressure,
therein raising a temperature of the respective workpisce fo a first predetermined

temperature, and wherein the controller is further configured to activate sach
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raspeactive post-ceol apparatus to cool the respective workpiece to a second

predetermined temperature.

2. The ion implantation system of claim 1, wherein the controller is further
5  configured to activate the respective pre-heat apparatus to transmit heat energy
to the respeciive workplecs at the vacuum pressure,

3. The ion implantation system of claim 1, further comprising:
a thermal chuck configured fo selectively retain the workpiece thereon
10 within the process chamber, wherein the thermal chuck is further configured to
heat the workplece {o a processing temperature that is greater than the first
temperature, and whersin the thermal chuck retains the workpiece thereon

concurrant with the ion beam impinging on the workpiace.

15 4. The ion implantation system of claim 3, further comprising:
a pump in selective fluid communication with the first and second
chambers of the respective first and second dual load lock assemblies;
a vent in selective fluid communication with the first and second chambers
of the respective first and second dual load lock assemblies.
20
5. The ion implantation system of claim 4, wherein the controller is further
configured o heat the workpiece fo the first temperature in the first chamber via
the pre-heat apparatus, to heat the workplecs fo the processing femperature in
the processing chamber via the thermal chuck, to implant ions into the workpiece
25 via the ion implantation apparatus, to cool the workpiece o the second
temperature in the second chamber via the post-cool apparatus, and to

selectively transfer the workpiece between the atmospheric environment and the
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vacuum environment via control of the pump, vent, and the respective
atmospheric doors and vacuum doors of the respective first dual load lock

assembly and second dual load lock assambly.

8. The ion implantation system of claim 1, whersin the pre-heat
apparatus comprises a hot plate positionsd within the first chamber of one or
more of the first dual load lock assembly and second dual load lock assembly.

7. The ion implantation system of claim 1, further comprising a
thermal barrisr positioned between the first and second chambers of the
respective first dual load lock assembly and second dual load lock assembly,
wharein the thermal barrier, wherein the thermal barrier generally defines the

commmon wall between the first and second chambers.

8. The ion implantation system of claim 7, wherein the thermal barrier
comprises a plate having a first cooling channel passing thersthrough, whersin a
first cooling fluid passing through the first cooling channe! substantially thermally
isolates the first and second chambers from one ancther.

8, The ion implantation system of claim 8, wherein the plate generally
defines a cold plate configured to support the workpiece within the second
chamber, and wherein ths first cooling fluid passing through the first cooling

channe!l substantially cools the workpiece {o the second temperature,

10, The ion implantation system of claim 1, wherein sach of the first
dual load lock assembly and second dual load lock assembly further comprise a

lifting machanism configured to selectively transiate the workpiece with respect to
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the pre-heaat apparatus.

11.  The ion implantation system of claim 10, wherein the pre-heat
apparatus comprises a hot plate positioned within the first chamber of one or
more of the first dual load lock assembly and second dual load lock assembly,
and wherein the liling mechanism is configured to selectively transiate the

workpiece o and from a surface of the pre-heat apparatus.

12, The lon implantation system of claim 11, wherein the §ifting
mechanism comprises a plurality of Bift pins selectively extending through the
surface of the hot plats.

13, The ion implantation system of claim 10, wherein the lifting
mechanism comprises one or maore supports configured fo selectively engage a

periphery of the workpisce.

14.  The ion implantation system of ¢laim 1, wherein the pre-hesat
apparatus comprises a hot plate having gas cooling channels defined thersin,
wherein a gas provided within the gas cooling channels selectively cools the hot
plate.

18, The jon implantation system of claim 1, wherein the pre-heat
apparalus comprises a generally hollow pan having a ceramic lid, wherein an
inconel alloy heating slement residing within the pan is configuraed fo selactively
provide radiant energy o the ceramic lid, and whersin the workpiece is
selectively heated when residing on a surface of the ceramic lid.
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16.  The ion implantation system of claim 15, wherein the ceramic lid is
comprisad of silicon carbide.

17.  The ion implantation system of claim 1, whersin the pre-heat

apparaius comprises a radiant heat source.

18.  The ion implantation system of claim 17, wherein the radiant heat
source comprises one or more a halogen lamp, light emitting diode, and infra red

tharmal device.

18, The ion implantation systemn of claim 17, wherein the first chamber
of one or more of the first dual oad lock assembly and second dual load lock
assembly comprises a window, wherein the radiant heat source is disposed
aulside of the first chamber and wherein radiant heat source is configured to
direct radiant energy through the window toward the workplece disposed within
the first chamber.

20, The ion implaniation system of claim 1, wherein the post-cool
apparatus comprises a chilled workpiecs support configured to actively cool a
workpiece residing thereon via thermal conduction,

21,  The ion implantation system of claim 1, wherein the chilled
workpiece support comprises a cold plate having a second cooling channel
passing thersthrough, wherein a second cooling fluid passing through the second
counling channel substantially cools the workpiece residing on a surface of the
cold plate.
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22.  The lon implantation system of claim 1, wherein the first and
second chambers of each respective first dual load lock assembly and second
dual load lock assembly are vertically stacked.

23, The ion implantation system of claim 1, wherein the thermal chuck

comprises a ceramic heating slament.

24, Adualload lock assembly for use in fransitioning a workpiece from
an atmospheric environment {0 a vacuum environment, comprising:

a first chamber and a second chamber, wherein respective internal
volumes of sach first and second chamber are generally isolated from one
another and share a common wall therebetwesn;

a vacuum door associated with each first chamber and second chamber,
wherein each vacuum douor is configured o provide selective fluid communication
between each respective first chamber or second chamber and the vacuum
anvironmaent;

an atmospheric door associated with each first chamber and second
chamber, whersin sach atmospheric door is configured to provide selective fluid
communication between sach respective first chamber or second chamber and
an atmospheric environment, the atimospheric environment having an
atmospheric pressurs associated therewith;

8 heating apparaius associated with the first chamber, whersin the heating
apparatus is configured {o heat the workpiece disposed within the first chamber
fo a first temperature;

a cooling apparatus associated with the second chamber, whersin the
cooling apparatus is configured {o cool the workpiece disposed within the second
chamber {0 a second temperatureg,; and

28



(93]

10

28

23

WO 2015/200005 PCT/US2015/035512

a controller configured o activate the heating apparatus at the
atmosphetic pressure {o transmit heat energy to the workpiece disposed in the
first chamber, thereby heating the workpiece to the firs! temperature at the
atmospheric pressureg, and (o activate the cooling apparatus {o cool the

workpiece {0 a second temperaiure.

25. A method for high temperature lon implantation of a workpiece in a
ion implantation system having a first load lock chamber for transitioning a
workpiece from an atmospheric environment to a vacuum environment and a
sacond ioad lock chamber for fransitioning a workpiece from the vacuum
gnvironment {0 the atmospheric environment, the method comprising:

hieating the workpiece at an atmospheric pressure associated with the
atmospheric environment whils the workplece is disposed in the first load lock
chamber; and

cooling the workpiece at a vacuum pressure associated with the vacuum

environment while the workpiece is disposed in the second load lock chamber.

28, The method of claim 25, whergin the vacuum pressurs is 3 variable
pressure associated with a transition from the vacuum pressure {o the

atmospheric pressurs.

27.  The method of claim 25, further comprising processing the
workpiece at a process temperature, and whersin the workpiece is healed to a

first temperaturs in the first load lock chamber.

28.  The method of claim 27, whersin the first femperature is less than
the process temperature.

27
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28.  The method of claim 27, wherein the first temperature is greater
than the process temperature, and wherein the workpiece is permitted fo cool to

approximately the process tempearature prior (o processing the workpiece.
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