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(57) Abstract: An ion implantation system provides ions
to a workpiece positioned in a vacuum environment of a
process chamber on a cooled chuck. A pre-chill station
within the process chamber has a chilled workpiece sup-
port configured to cool the workpiece to a first temperat-
ure, and a post-heat station within the process chamber,
has a heated workpiece support configured to heat the
workpiece to a second temperature. The first temperature
is lower than a process temperature, and the second tem-
perature is greater than an external temperature. A work-
piece transfer arm is further configured to concurrently
transfer two or more workpieces between two or more of
the chuck, a load lock chamber, the pre-chill station, and
the post-heat station.
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IN-VACUUM HIGH SPEED PRE-CHILL AND POST-HEAT & TATIONS

TECHNICAL FIELD
The present invention relates generally to ion implantation sy stems, and
more specifically to preventing condensation from forming on a wor <piece in an

ion implantation system.

BACKGROUND

Electrostatic clamps or chucks (ESCs) are often utilized in th2
semiconductor industry for clamping workpieces or substrates during plasma-
based or vacuum-based semiconductor processes such as ion implantation,
etching, chemical vapor deposition (CVD), etc. Clamping capabiliti::s of the
ESCs, as well as workpiece temperature control, have proven to b= quite
valuable in processing semiconductor substrates or wafers, such ¢ silicon
wafers. A typical ESC, for example, comprises a dielectric layer pnsitioned over
a conductive electrade, wherein the semiconductor wafer is placec an a surface
of the ESC (e.g., the wafer is placed on a surface of the dielectric layer). During
semiconductor processing (e.g., ion implantation), a clamping voltziije is typically
applied between the wafer and the electrode, wherein the wafer is ¢lamped
against the chuck surface by electrostatic forces.

For certain ion implantation processes, cooling the workpiec:: via a cooling
of the ESC is desirable. At colder temperatures, however, condensation can
form on the workpiece, or even freezing of atmospheric water on ti: surface of
the workpiece can occur, when the workpiece is transferred from th2 cold ESC in
the process environment (e.g., a vacuum environment) to an exter-al
environment (e.g., a higher pressure, temperatdre, and humidity eiv/ironment).
For example, after an i'mplantation of ions into the workpiece, the workpiece is
typically transferred into a load lock chamber, and the load lock chzmber is
subsequently is vented. When the load lock chamber is opened tc 'emove the
workpiece therefrom, the workpiece is typically exposed to ambient atmosphere
(e.g., warm, “wet” air at atmospheric pressure), wherein condensatian can occur
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on the workpiece. The condensation can deposit particles on the vinrkpiece,
and/or leave residues on the workpiece that can have adverse effe:its on front '
side pérticles (e.g., on active areas), and can lead to defects and production
losses.

« Heating of the workpiece can be performed in order to atter-ot to alleviate
the adverse effects of condensation; however, such heating often “soaks” the
workpiece for a period of time on the ESC in order to reach a predztermined
temperature, prior to transferring the wafer. Long soak times convé ntionally
adversely affect.workpiece throughput in the ion implantation syste:n.

Therefore, a need exists in the art for an apparatus, system, and method
for mitigating condensation on a workpiece while improving workpi¢ ce throughput
when transferring a cold workpiece betweén a “dry” or evacuated = wironment
and a “wet” or atmospheric environment.

SUMMARY

The present invention overcomes the limitations of the prior :art by
providing a system, apparatus, and method for abating condensat«n on a
workpiece and maintaining reasonable process throughput in a chil ed ion
implantation system. Accordingly, the following presents a simplific d summary of
the disclosure in order to provide a basic understanding of some a<pects of the
invention. This summary is not an extensive overview of the inverition. [tis
intended to neither identify key or critical elements of the invention 1or delineate
the scope of the invention. Its purpose is to present some concepts of the
invention in a simplified form as a prelude to the more detailed deseription that is
presented later.

In accordance with the present disclosure, an ion implantat.cn system for
implanting ions into a cold workpiece is provided. The ion implantation system,
for example, comprises an ion implantation apparatus configured ic. provide a
plurality of ions to a workpiece positioned in a process chamber, wherein the
process chamber has a process environment associated therewith. In one

example, a sub-ambient temperature chuck, such as a cryogenically cooled

2
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electrostatic chuck, is configured to support the workpiece within thi2 process
chamber during an exposure of the workpiece to the plurality of ion:s. The
cryogenic chuck is further configured to cool the workpiece to a pr: sessing
temperature, wherein the process temperature is below a dew poiiv: of an
external environment.

According to one aspect; a load lock chamber is provided, werein the
load lock chamber is operably coupled to the process chamber and is configured
to isolate the process environment from the external environment. The load lock
chamber further comprises a workpiece support configured to supzort the
workpiece during a transfer of the workpiece between the process rhamber and
the intermediate chamber.

A pre-chill station is further positioned within the process chizimber,

- wherein the pre-chill station comprises a chilled workpiece support configured to

cool the workpiece to a first temperature. In one example, the first temperature is
significantly lower than the process temperature. The pre-chill station, for
example, comprises a cooling plate configured to support the worl:piece and to

cool the workpiece to the first'temperature. In another example, th:2 pre-chill

- station further comprises a pre-chill gas sealing ring configured to support a

periphery of the workpiece, a pre-chill clamp configured to maintair a position of
the workpiece on the chilled workpiece support, and a pre-chill gaz source
configured to provide a pre-chill gas between a gas cooling space tlefined
between the workpiece and a surface of the chilled workpiece sugjort. A
pressure of the pre-chill gas, for example, generally determines a cooling of the
workpiece.

A post-heat station is also positioned within the process chamber, wherein

the post-heat station comprises a heated workpiece support confizired to heat

the workpiece to a second temperature. The post-heat station, fo- example,

comprises a heating station support comprising a heating plate ccr figured to
support the workpiece and to heat the workpiece to the second terperature. In
another example, the post-heat station further comprises a post-he at gas sealing
ring configured to support a periphery of the workpiece, a post-hezt clamp

3
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configured to maintain a position of the workpiece on the heated w¢ rkpiece
support, and a post-heat gas source configured to provide a post-hi:at gas
between a gas heating space defined between the workpiece and & surface of
the heated workpiece support. Accordingly, a pressure of the posi-1eat gas

generally determines a heating of the workpiece.

In one example, the chuck is diametrically opposed to the toad lock
chamber within the vacuum chamber, and the pre-chill station is diz metrically
opposed to the post-heat station within the vacuum chamber.

In another exemplary aspect, the chilled workpiece holding station is
positioned within the process chamber, wherein the chilled workpi«i:e holding
station comprises a cold workpiece support configured to support Il e workpiece
when the workpiece is at the first temperature. A heated workpiece holding
station may be further positioned within the process chamber, wher2in the
heated wdrkpiece holding station comprises a hot workpiece suppizt configured
to support the workpiece when the workpiece is at the second temperature. In
another example, the chuck is diametrically opposed to the load lock chamber,
the pre-chill station is diametrically opposed to the post-heat staticri, and the
chilled workpiece holding station is diametrically opposed to the he:ated
workpiece holding station within the vacuum chamber.

In accordance with another exemplary aspect of the disclosure, a
workpiece transfer arm is configured to concurrently transfer two or more
workpieces between two or more of the chuck, load lock chamber, pre-chill
station, and post-heat station. The workpiece transfer arm, for exarnple,
comprises two pairs of workpiece transfer clamps positioned appro:imately 90
degrees from one another, wherein each pair of workpiece transfe - clamps is
diametrically opposed to each other. Each pair of workpiece transfir clamps is
configured to concurrently grasp or release a workpiece from the ¢l uck and load
lock chamber, from the pre-chill station and post-heat station, and/cr the chilled
workpiece halding station and heated workpiece holding station, bizsed on a
rotational position of the workpiece transfer arm.
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A controller may be further configured to determine the first t2mperature
and the second temperature, based, at least in part, on a desired piocess
throughput. A temperature monitoring system, for example, is conf gured to
measure a temperature of the workpiece at the pre-chill station an:l the post-heat
station. The controller is thus further configured to control cooling «f the
workpiece to the first temperature and the heating of the workpiec: to the second
temperature, based, at least in part, on the measured temperature uf the
workpiece.

According to another example in the disclosure, a method fi3 - implanting
ions into a workpiece at sub-ambient temperatures is provided. A viorkpiece is
provided in an external environment at an external temperature anc external
pressure and transferred from the external environment to the loac! lock chamber.
The pressure within the load lock chamber is lowered to a substantial vacuum,
and the workpiece is transferred from the load lock chamber to the sre-chill for
cooling. The pre-chill station, for example, is cooled to the first ten serature that
is lower than a process temperature, thus quickly cooling the work>iece. The
workpiece is then transferred from the pre-chill station to the chuck: that is cooled
to the process temperature.

lons are implanted into the workpiece via an ion implantaticn apparatus,
and the workpiece is subsequently transferred from the chuck to th: post-heat
station within the vacuum environment. The workpiece is heated a1l the post-heat
station, wherein the post-heat station is heated to the second temj:rature that is
greater than the external temperature, therein quickly heating the workpiece.
The workpiece is then transferred from the post-heat station to the 1oad lock

~ chamber, the pressure within the load lock chamber is increased to the external

pressure, and the workpiece is removed from the load lock chamb:*.

In one example, the workpiece is transferred from the load itck chamber
to the pre-chill station occurs while concurrently transferring anoth:z - workpiece
from the chuck to the post-heat station. Likewise, in another examry le, the
workpiece is transferred from the pre-chill station té the chuck occur's while
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concurrently transferring another workpiece from the post-heat station to the load
lock chamber.

In another example, transferring the workpiece from the pre-:hill station to
the chuck comprises transferring the workpiece from the pre-chill 1ation to the
chilled workpiece holding station, and then transferring the workpie::e from the
chilled workpiece holding station to the chuck, while transferring the workpiece
from the post-heat station to the load lock chamber comprises transferring the
workpiece from the post-heat station to the heated workpiece holdir g station, and
then transferring the workpiece from the heated workpiece holding :tation to the
load lock chamber. Such transfers permit concurrent transfers of fiz ar
workpieces via the workpiece transfer arm in a logical and through): Jt-sensitive
manner. ' |

The above summary is merely intended to give a brief overvinw of some
features of some embodiments of the present invention, and other embodiments
may comprise additional and/or different features than the ones me:itioned
above. In particular, this summary is not to be construed to be limi-i g the scope |
of the present application. Thus, to the accomplishment of the foregoing and
rélated ends, the invention comprises the features hereinafter described and
parﬁcularly pointed out in the claims. The following description and “he annexed
drawings set forth in detail certain illustrative embodiments of the ir\ention.
These embodiments are indicative, however, of a few of the various ways in
which the principles of the invention may be employed. Other objer!s,
advantages and novel features of the invention will become apparent from the
following detailed description of the invention when considered in ¢ jjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an exemplary vacuum system comprising an
jon implantation system in accordance with several aspects of the prasent

disclosure.
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Fig. 2 is a cross-sectional view of an exemplary pre-chill station in
accordance with another aspect of the disclosure.

Fig. 3 is a cross-sectional view of an exemplary post-heat sz tion in
accordance with yet another aspect of the disclosure.

Fig. 4 illustrates a process chamber in accordance with anoier exemplary
aspect of the disclosure. |

Figs. 5A and 6B illustrate an exemplary workpiece transfer :um in
respective open and closed positions in accordance with still another aspect of
the disclosure.

Fig. 6 is a schematic view of another exemplary process chz:imber in
accordance with another aspect of the disclosure.

Fig. 7 illustrates an exemplary flow of workpieces through a chilled ion
implantation system in accordance with another aspect of the discl:sure.

Fig. 8 illustrates a methodology for implanting ions into a worlipiece at
sub-ambient temperatures, in accordance with to still another aspec!.

DETAILED DESCRIPTION

The present disclosure is directed generally toward a system, apparatus,
and method for abating condensation on a workpiecé and maintaining
reasonable process throughput in a chilled ion implantation system. Accordingly,
the present invention will now be described with reference to the drawings,
wherein like reference numerals may be used to refer to like elemeits
throughout. It is to be understood that the description of these aspiz:ts are
merely illustrative and that they should not be interpreted in a limitir:j sense. In
the following description, for purposes of explanation, numerous specific details
are set forth in order to provide a thorough understanding of the pre::ent
invention. It will be evident to one skilled in the art, however, that the: present
invention may be practiced without these specific details. Further, it e scope of
the invention is not intended to be limited by the embodiments or ex:imples
described hereinafter with reference to the accompanying drawings, but is
intended to be only limited by the appended claims and equivalents thereof.

7
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It is also noted that the drawings are provided to give an illustration of
some aspects of embodiments of the present disclosure and therefore are to be
regarded as schematic only. In particular, the elements shown in I e drawings
are not necessarily to scale with each other, and the placement of various
elements in the drawings is chosen to pr'ovide a clear understandiny of the
respective embodiment and is not to be construed as necessarily hizing a
representation of the actual relative locations of the various compcrents in
implementations according to an embodiment of the invention. Fu-hermore, the
features of the various embodiments and examples described here:i1 may be
combined with each other unless specifically noted otherwise.

It is also to be understood that in the following description, &1y direct
connection or coupling between functional blocks, devices, compoi 2nts, circuit
elements or other physical or functional units shown in the drawings or described
herein could also be implemented by an indirect connection or couzling.
Furthermore, it is to be appreciated that functional blocks or units ¢k own in the
drawings may be implemented as separate features or circuits in cne
embodiment, and may also or alternatively be fully or partially implaimented in a
common feature or circuit in another embodiment. For example, s«'reral
functional blocks may be implemented as software running on a cammon
processor, such as a signal processor. lt is further to be understoac that any
connection which is described as being wire-based in the following : pecification
may also be implemented as a wireless communication, unless noled to the
contrary.

In accordance with one aspect of the present disclosure, Fig. 1 illustrates
an exemplary vacuum system 100. The vacuum system 100 in the present
example comprises an ion implantation system 101, however varioi s other types
of vacuum systems are also contemplated, such as plasma proces: ng systems,
or other semiconductor processing systems. The ion implantation s'rstem 101,
for example, comprises a terminal 102, a beamline assembly 104, :and an end
station 106. '
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Generally speaking, an ion source 108 in the terminal 102 i;; coupled to a
power supply 110 to ionize a dopant gas into a plurality of ions antl to form an ion
beam 112. The fon beam 112 i-n the present example is directed ttyough a beam-
steering apparatus 114, and out an aperture 116 towards the end :5:ation 106. In

the end station 106, the ion beam 112 bombards a workpiece 118 (2.g., a

semiconductor such as a silicon wafer, a display panel, etc.), which is selectively
clamped or mounted to a chuck 120 (e.g., an electrostatic chuck o- ESC). Once
embedded into the lattice of the workpiece 118, the implanted ions -hange the
physical and/or chemical properties of the workpiece. Because of this, ion
implantation is used in semiconductor device fabrication and in metal finishing,
as well as various applications in materials science research.

The ion beam 112 of the present disclosure can take any fonn, 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 106, and all such forms are contemplated as
falling within the scope of the disclosure.

According to one exemplary aspect, the end station 106 cornprises a
process chamber 122, such as a vacuum chamber 124, wherein a [rrocess
environment 126 is associated with the process chamber. The prccess
environment 126 generally exists within the process chamber 122, :ind in one
example, comprises a vacuum produced by a vacuum source 128 (2.9, a
vacuum pump) coupled to the process chamber and configured to substantially
evacuate the process chamber. ‘

During an implantation utilizing the ion implantation system 101, energy
can build up on the workpiece 118 in the form of heat, as the charg¢i::d ions collide
with the workpiece. Absent countermeasures, such heat can poteirially warp or
crack the workpiece 118, which may render the workpiece worthles:s (or
significantly less valuable) in some implementations. The heat car: ‘urther cause
the dose of ions delivered to the workpiece 118 to differ from the dizsage desired,
which can alter functionality from what is desired. Furthermore, in some
circumstances, it is desirable to not only cool the workpiece 118 diring

implantation to prevent heat build-up, but it may be further desirabie to implant

9
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jons at a temperature below or above an ambient temperature, such as to allow
for desirable amorphization of the surface of the workpiece 118 enzbling, among
other things, ultra-shallow junction formation in advanced CMOS inlegrated
circuit device manufacturing. '

Thus, in accordance with another example, the chuck 120 ccmprises a
sub-ambient temperature chuck 130, wherein the sub-ambient temperature
chuck is configured to both support and cool or otherwise maintain a
predetermined temperature on the workpiece 118 within the proce: s chamber
122 during the exposure of the workpie-ce to the ion beam 112. it 31 0uld be
noted that while the chuck 120 is referred to in the present example as being the
sub-ambient temperature chuck 130, the chuck 120 can likewise cumprise a

super-ambient temperature chuck (not shown), wherein the super-zmbient

temperature chuck is configured to support and heat the workpiece 118 within
the process chamber 122.

The sub-ambient temperature chuck 130, for example, is arn clectrostatic
chuck configured to cool or chill the workpiece 118 to a processing :emperature
that is considerably lower than an ambient or atmospheric temperalure of the
surroundings or external environment 132 (e.g., also called an “atrnospheric
environment”). Likewise{ in a case where the chuck 120 comprises the above-
described super-ambient temperature chuck, the super-ambient temperature
chuck may comprise an electrostatic chuck configured to heat the uu'orkpiéce 118
to a processing temperature that is considerably higher than the air bient or
atmospheric temperature of the surroundings or external environment 132, A
cooling system 134 may be further provided, wherein, in ancther example, the
cooling system is configured to cool or chill the sub-ambient temperature chuck
130, and thus, the workpiece 118 residing thereon, to the processing
temperature. In another example, and in a similar manner, a heatir g system (not
shown) may be further provided in the case of a super-ambient ternperature
chuck, wherein the heating system is configured to heat the super-:imbient
temperature chuck and workpiece 118 residing thereon to the proc::ssing

temperature.

10
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In some exemplary operations of the vacuum system 100, 1t-e processing
temperature is below the ambient dew point (e.g., 8 degrees C, al:s» called dew
point temperature) of the external environment 132, such as a proczssing
temperature of approximately -40 degrees C. In such an operation since the
processing temperature is significantly lower than the dew point teriperature of
the external environment 132, without warrﬁing of the workpiece 118 prior to
exposure to the external environment, condensation may form ther 2on, thus
potentially deleteriously affecting the workpiece, as will be discuss¢d in greater
detail hereafter.

However, the inventors appreciate that cooling of the workpizce 118 can
deleteriously affect cycle time through the vacuum system 100, wh:zrein
conventionally, the workpiece is allowed to “soak” on the chuck 121} until the
desired temperature is reached. In order to increase process throt.ghput, the
present disclosure thus provides a pre-chill station 136 positioned vithin the
vacuum environment 126 of the process chamber 120. The pre-chill station 136,
for example, comprises a chilled workpiece support 138, as illustriaed further in
Fig. 2, wherein the chilled workpiece support 138 is configured to cool the
workpiece to a first temperature.

The chilled workpiece support 138, for example, comprises :2 thermal pad
140, such as a cooling plate 142, wherein the thermal pad is confi¢ured to
support the workpiece and to cool the workpiece to the first temperature. The
thermal pad 140, for example, comprises a cooling plate 142 comprising one or .
more of a peltier cooler, an expansion chamber, a cryogenic head, and a
circulatory refrigeration loop. '

In another exemplary aspect, the pre-chill station 136 of Fi¢j. 1 further
comprises a pre-chill gas sealing ring 144, as illustrated again in Fig. 2, wherein
the pre-chill gas sealing ring is generally disposed about a perimet:r of the
chilled workpiece support 138. The pre-chill gas sealing ring 144 “or example, is
configured to support a periphery 146 of the workpiece 118, and tu generally
provide a seal between the workpiece and the chilled workpiece st pport 138.
According to another example, a pre-chill clamp 148 is further provided, wherein

11
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the pre-chill clamp is configured to maintain a position of the workj ece 118 on
the chilled workpiece support 138. As illustrated again in Fig. 1, a pre-chill gas
source 150 is further provided, wherein the pre-chill gas source is configured to
provide a pre-chill gas 152 between a gas cooling space 154 illustriated in Fig. 2,
wherein the gas cooling space is defined between the workpiece 1- 8 and a

surface 1566 of the chilled workpiece support 138. As such, a pressure of the pre-

- chill gas 152 within the gas cooling space 154 is configured to ger r-rally

determine a cooling of the workpiece 118..

The rate of heat transfer between the workpiece 118 and the chilled
workpiece support 138 is generally proportional to the temperature: difference
between the workpiece and the chilled workpiece support. In gen: -al,

T(t) = Too + (T - Tw)e (1)
where T(1) is the temperature of the workpiece 118 being cooled or heated as a
function of time, T, is the temperature of object doing the cooling o1 heating,
which in this case, sit he chilled workpiece support 138, 7; is the ini:ial
tehperature of the workpiece, e is the Euler number (2.71828...), ris time, and ¢
a time constant which depends, among other factors, on the heat transfer
coefficient. As will be understood from equation (1), it is substantiz ly quicker to
get the workpiece 118 to a predetermined temperature when the t:2 nperature of
the chilled workpiece support 138 is overdriven to a first temperatuie that is lower
than the processing temperature. In one example, the first tempe:: ture is at
least an order of magnitude lower than the process temperature. |or example, if
a process temperature of -40C is desired, it would take many time constants to
be acceptably close to -40C if the chilled workpiece support 138 were held at -
40C. However, if the chilled workpiece support 138 is driven to a fiist
temperature of -100C, for example, the desired process temperatué of -40C
could be-achieved in just over half a time constant. As such, the ctilled
workpiece support 138 is configured to cool at the first temperatur: wherein the
first temperature is significantly lower than the desired processing tmperature.

In still another exemplary aspect, the post-heat station 158 ¢f Fig. 1 is
further positioned within the vacuum environment 126 of the process chamber

12
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122, wherein the post-heat station further comprises a heated wor} jiece support
160, as illustrated in Fig. 3, configured to heat the workpiece 118 to a second
temperature. The heated workpiece support 160, for example,l com rises
another thermal pad 140, such as a heating plate 161, wherein the thermal pad is
configured to support the workpiece and to heat the workpiece to thi2 second
temperathre. The post-heat station 158 for example, further compui:ses a post-
heat gas sealing ring 162, wherein the post-heat gas sealing ring is. yJenerally
disposed about a perimeter 164 of the heated workpiece support 130. The post-
heat gas sealing ring 162, for example, is configured to support the >eriphery 146
of the workpiece 118, and to generally provide a seal between the workpiece and
the heated workpiece support 160.

According to another example, a post-heat clamp 166 is further provided,
wherein the post-heat clamp is configured to maintain a position of .1e workpiece
118 on the heated workpiece support 160. As illustrated again in Fi-). 1, a post-
heat gas source 168 is further provided, wherein the post-heat gas :iource is
configured to provide a post-heat gas 170 between a gas heating s}-ace 172
illustrated in Fig. 3, wherein the gas heating space is defined betwe::n the
workpiece 118 and a surface 174 of the heated workpiece support 138. As such,
a pressure of the post-heat gas 170 within the gas heating space 172 is
configured to generally determine a heating of the workpiece 118.

Similar to the cooling described above, heating of the workpi::ce 118 in the
post-heat station 158 of Fig. 1 can be overdriven, wherein the seccrd
temperature is significantly greater than the processing temperaturz. As such, a
time needed to heat the workpiece back to the external temperaturs of the
external environment 132 can be significantly reduced by the present disclosure.
In one exemplary aspect of the disclosure, the post-heat station 15¢ and pre-chill
station 136 are generally isolated from one another within the proc: ss chamber
122, wherein heat transfer between the post-heat station and pre-ct ill station is
minimized. In one example, the second temperature is no greater than 100C to
approximately 150C, wherein stability of a conventional photoresisi: >egins to

decay.
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In accordance with another example, a temperature monitar ng system
176 is further provided, and configured to measure a temperature ¢ f the
workpiece 118 at the pre-chill station 136 and the post-heat station 158, as
illustrated in Fig. 4. The temperature monitoring system 176, for ¢>ample,
comprises one or more workpiece temperature monitoring devices: 178A, 178B
conﬁgured to measure a temperature of the workpiece 118 residiri¢ on the
respective pre-chill station 136 and the post-heat station 158, thus - nonitoring the
temperature of the workpiece during cooling and heating thereof, 2 1d improving
process efficiencies. A controller 180 illustrated in Fig. 1, for example, is further
configured to control cooling of the workpiece 118 to the first temperature and the
heating of the workpiece to the second temperature, based, at leazt in part, on
the measured temperature of the workpiece.

In accordance with another aspect, referring again to Fig. 1, a load lock
chamber 182 is further operably coupled to the process chamber '1:22, wherein
the load lock chamber is configured to isolate the process environivient 126 from
the external environment 132. The load lock chamber 182 further vomprises a
workpiece support 184 configured to support the workpiece 118 diiing a transfer
of the workpiece between the process chamber 122 and the external
environment 132. A plurality of load lock doors 186A, 186B operatily couple the
load lock chamber 182 to the respective process chamber 122 ani the external
environment 132. |

In accordance with still another aspect of the disclosure, a \varkpiece
transfer arm 188 is provided, wherein the workpiece transfer arm iz configured to
concurrently transfer two or more workpieces 118 between two or rore of the
chuck 120, load lock chamber 182, pre-chill station 136, and post-heat station
158. One or more auxiliary transfer arms 189 may be further provirled to assist

in transferring workpieces, in accordance with another example. The workpiece

transfer arm 188, as illustrated in greater detail in Fig. 4, comprises two pairs

190A, 190B of workpiece transfer clamps 192A, 192B positioned zipproximately
90 degrees from one another, wherein each pair of workpiece transfer clamps is

diametrically opposed to each other. Each pair 190A, 180B of wcr<piece
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transfer clamps 192A, 192B is configured to concurrently grasp or 1::lease a
workpiece 118 from the chuck 120 and load lock chamber 182, or {rom the pre-
chill station 136 and post-heat station 168, based on a rotational pexsition of the
workpiece transfer arm 188.

The workpiece transfer arm 188, for example, has the ability to rotate
(e.g., ©) as well as to move in and out (e.g., in the z-direction). The workpiece
transfer arm 188, for example, is part of an assembly (not shown) omprised of
two arms that rotate together and can be opened and close like sc s sors, in order
to effectuate gripping and releasing workpieces 118. For example, Fig. 5A
illustrates the two pairs 190A, 190B of workpiece transfer clamps * 92A, 1928B in
an open position 193A, wherein the workpiece transfer clamps are nperable to
generally surround, but not contact the two or more workpieces 11¢. In the
example of Fig. 5B, the workpiece transfer clamps 192A, 192B arés in a closed
position 193B, wherein the workpiece transfer clamps are positionzd to contact
and concurrently grip the two or more workpieces 118.

According to still another aspect, as illustrated schematically in Fig. 6, a
chilled workpiece holding station 194 is positioned within the procstis chamber
122, wherein the chilled workpiéce holding station comprises a co ¢ workpiece
support 196 configured to support the workpiece 118 once the wol:piece is at
the first temperature in the pre-chill station 136. The cold workpiez2 support 196,
for example, is further configured to maintain the temperature of thi: workpiece
118 while the workpiece resides on the cold workpiece support 1¢¢. A heated
workpiece holding station 198 is further positioned within the proczss chamber
122, wherein the heated workpiece holding station comprises a ho! workpiece
support 199 configured to support the workpiece 118 when the winkpiece is at
the second temperature. The hot workpiece support 199, for exaiv ple, is further
configured to maintain the temperature of the workpiece 118 whil:: the workpiece
resides on the hot workpiece support 199, |

As illustrated in the example of Fig. 6, the chuck 120 is diatetrically
opposed to the load lock chamber 182, the pre-chill station 136 is diametrically
opposed to the post-heat station 158, and the chilled workpiece hclding station
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194 is diametrically opposed to the heated workpiece holding staticn 198 within
the process chamber 122. It should be noted that various other configurations

 and locations of the-chuck 120, load lock chamber 182, pre-chill si: tion 136,

post-heat station 158, chilled workpiece holding station 194, and f«.ated
workpiece holding station 198 within the process chamber 122 are: contemplated
as falling within the scope of the present disclosure. For example. 'he chilled
workpiece holding station 194 may be positioned opposite the pre-chill station .
136, and the heated workpiece holding station 198 may be positicrnied opposite
the post-heat station 158. Such a configuration may provide an ail7antageous
flow of workpieces 118, depending on the configuration of the workpiece transfer
arm 188. Further, for simplicity, the load lock chamber 182 is illustiated as being
within the process chamber 122; however, it should be understoo:l that the load
lock door 186A of Fig. 4 operably couples the load lock chamber 112 to process
chamber. '

An exemplary flow scheme or transference of workpieces 118 in
association with the vacuum system 100 of Fig. 1 will now be briell's discussed in
order to provide one of many operational examples of an operatio - of the
vacuum system. It should be noted that the present disclosure is not limited to

the exemplary flow provided, and that various other transferences »f workpieces

118 into, out of, and within the vacuum system 100 are contemplatzd as falling

within the scope of the present disclosure.

'In one exemplary workpiece flow 200, as illustrated in Fig. 7 the
workpiece 118 of Fig. 6, for example, is transferred out of the load ock chamber
182 to one of the pre-chill station 136 and pre-heat station 158 within the process
chamber 122, depending on whether a sub-ambient or super-amtin:nt
implantation is desired. For example, in a sub-ambient implantatin (e.g., an
implantation at a temperature below ambient temperature), the workpiece 118 is
transferred to the pre-chill station 136, wherein the workpiece is pi::-chilled to
approximately the processing temperature. Once cooled via the pre-chill station
136 (or heated via the pre-heat station 158) to approximately the processing

temperature, the workpiece 118 is either transferred to the chuck 120 for
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appropriate implantation of ions according to process requirements., or
transferred to the chilled workpiece holding station 194, to wait for : ibsequent
transfer to the chuck. o

Once the implantation is complete, the workpiece 118 is remived from the
chuck 120 and transferred to one of the pre-chill station 136 and pi¢-heat station
168, again depending on whether a sub-ambient or super-ambient i nplantation is
desired. In the above sub-ambient implantation example, the workyiece 118 is

‘transferred to the pre-heat station 158, wherein in the preéent exarnple, the

workpiece is heated to a temperature greater than the dew point terperature of
the external environment 132, as described above. Once heated g|hpropriately,
the workpiece 118 is transferred back to the load lock chamber 1822 or
transferred to the heated workpiece holding station 198. it should 22 noted that’
the workpiece transfer arm 188 of Figs. 1, 4, 5A-5B, and 6 is conficrired to
transfer two or more workpieces 118 concurrently between the loai lock
chamber 182, chuck 120, pre-chill station 136 and pre-heat station * 58, as
described above.

- In accordance with another exemplary aspect of the invention, Fig. 8
illustrates an exemplary method 300 is provided for processing a wirkpiece at
sub-ambient temperatures. It should be noted that while exemplary methods are

ilustrated and described herein as a series of acts or events, it will be

appreciated that the present invention is not limited by the illustrate:c ordering of

such acts or events, as some steps may occur in different orders and/or
concurrently with other steps apart from that shown and described I erein, in
accordance with the invention. In addition, not all illustrated steps rmay be
required to implement'a methodology in accordance with the preser t invention.
Moreover, it will be appreciated that the methods may be implemened in

_ association with the systems illustrated and described herein as wall as in

association with other systems not illustrated.
The method 300 of Fig. 8 begins at act 302, wherein a first workpiece is
provided in an external environment at an external temperature an external

pressure. In act 304, the first workpiece is transferred from the exiernal
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environment to a load lock chamber, and in act 306, the pressure ‘xithin the load

_ lock chamber is lowered to a substantial vacuum. The first workpiz.ce is

transferred from the Ioéd lock chamber to pre-chill station within a vacuum
environment of a process chamber in a cold implant ion implantatizon system in
act 308, the first workpiece is cooled at the pre-chill station in act 3'10. The pre-
chill station, for example, is cooled to a first temperature that is lovser than a
process temperature. Cooling of the workpiece in act 310, for exariple,
comprises clamping the workpiece to a chilled workpiece support .z1d providing a
backside gas at the first temperature to a backside of the workpiec::.

Inact 312, the first workpiece is transferred from the pre-chill station to a
chuck that is cooled to the process'temperature, and the workpiece is processed,
such as having ions implanted therein, in act 314. In accordance »ith one
example, transferring the workpiece from the pre-chill station to thz chuck in act
312 further comprises transferring the workpiece from the pre-chill station to a
chilled workpiece holding station, and further transferring the work.iece from the
chilled workpiece holding station to the chuck.

The first workpiece is then transferred from the chuck to a post-heat
station within the vacuum environment in act 316, and the first wol:piece is
heated at the post-heat station in act 318, wherein the post-heat stiation is heated
to a second temperature that is greater than the externaltemperatire. Heating
the workpiece in act 318, for example, comprises clamping the wcrkpiece to a
heated workpiece support and providing a backside gas at the se«ind
temperature to a backside of the workpiece.

The first workpiece is then transferred in act 320 from the «st-heat station
to the load lock chamber, and the pressure within the load lock chamber is
increased to the external pressure in act 322. In accordance wit - one other
example, transferring the workpiece from the post-heat station to t1.e load lock
chamber in act 320 further comprises transferring the workpiece from the post-
heat station to a heated workpiece holding station, and further tran sferring the
workpiece from the heated workpiece holding station to the load lock chamber.
The workpiece can then be removed from the load lock chamber ir act 324.
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In accordance with one example, transfetring the first workp:ce from the
load lock chamber to the pre-chill station act 308 occurs while conca. rrently
transferring a second workpiece from the chuck to the post-heat stiyion in act
318. Likewise, transferring the workpiece from the pre-chill station t> the chuck
in act 312 occurs while concurrently transferring a third workpiece 1vrom the post-
heat station to the load lock chamber, and so on. Thus, a continuat s transfer of
workpieces from the load lock chamber to the pre-chil'l station, to the: chilled
workpiece holding station, to the chuck, to the post-heat station, to the heated
workpiece holding station, and back to the load lock chamber can I»: achieved by
the present disclosure. Further, the workpiece transfer arm 188 of [“igs. 1, 4, 5A-
5B, and 6 can advantageously transfer two or more workpieces 11% concurrently
between the load lock chamber 182, chuck 120, pre-chill station 156 and pre-
heat station 158, as illustrated in Figs. 4, 5A, and 5B. In an additior al example,
the workpiece transfer arm 188 can additionally transfer workpieces between the
chilled workpiece holding station 194 and heated workpiece holdinj station 198
of Figs. 6 and 7, as described above, therein advantageously increiising '
throughput, while optimally providing appropriate heating and coolir g of the
workpieces to prevent condensation.

Although the invention has been shown and described with r2spect to a
certain embodiment or embodiments, it should be noted that the al: ove-described
embodiments serve only as examples for implementations of some embodiments
of the present invention, and the application of the present invention is not
restricted to these embodiments. In particular regard to the various functions
performed by the above described components (assemblies, devicis, circuits,
etc.), the terms (including a reference to a “means”) used to descrit:e such
components are intended to correspond, unless otherwise indicate: i, to any
component which performs the specified function of the described «:omponent
(i.e., that is functionally equivalent), even though not structurally e sivalent to the
disclosed structure which performs the function in the herein illusti: ted
exemplary embodiments of the invention. In addition, while a part c.ular feature of
the invention m'ay have been disclosed with respect to only one of :;everal
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embodiments, such feature may be combined with one or more ot - 2r features of
the other embodiments as may be desired and advantageous for any given or
particular application. Accordingly, the present invention is not tc lie limited to
the above-described embodiments, but is intended to be limited only by the

5 appended claims and equivalents thereof.
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CLAIMS
In the Claims:

1. An ion implantation system, comprising:

a vacuum chamber having a process environment associated there with;

an ion implantation appératus configured to provide a plurality of ibns to a
workpiece positioned in the vacuum champber;

a chuck configured to support the workpiece within the vacuum chember during
an exposure of the workpiece to the plurality of ions, wherein the chuck i configured to
cool the workpiece to a processing temperature;

~ aload lock chamber operably coupled to the vacuum chamber, wherein the load
lock chamber is configured to isolate the process environment from an exlernal
environment, and wherein the load lock chamber comprises a workpiece ::upport
configured to support the workpiece during a transfer of the workpiece belween the
process chamber and exterﬁal environment; and

a pre-chill station positioned within the process chamber, wherein 11e pre-chill
station comprises a chilled workpiece support configured to cool the worlpiece to a first
temperature; )

a post-heat station positioned within the process chamber, wherein the post-heat
station comprises a heated workpiece support configured to heat the woilkpiece to a
second temperature; and

a workpiece transfer arm, wherein the workpiece transfer arm is cfigured to
concurrently transfer two or more workpieces between two or more of the chuck, load

lock chamber, pre-chill station, and post-heat station.

2. The ion implantation system of claim 1, wherein the chuck - >mprises an

electrostatic chuck configured to cool the workpiece to the processing teir perature.

3. The ion implantation system of claim 1, wherein the workpiz e transfer
arm comprises two pairs of workpiece transfer clamps positioned approxi:nately 90

degrees from one another, wherein each pair of workpiece transfer clamzs is
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diametrically opposed to each other, and wherein each pair of workpiece transfer
clamps is configured to concurrently grasp or release a workpiece from th2 chuck and
load lock chamber, or from the pre-chill station and post-heat station, basi:d on a
rotational position of the workpiece transfer arm.

4. " The ion implantation system of claim 1, wherein the first ternoerature is

lower than the process temperature.

5. The ion implantation system of claim 1, wherein the pre-chil! station
comprises a cooling plate configured to support the workpiece and to coinl the
workpiece to the first temperature.

6. The ion implantation system of claim 5, wherein the coolin¢ >late
comprises one or more of a peltier cooler, an expansion chamber, a crycgenic head,

and a circulatory refrigeration loop.

7. The ion implantation system of claim 5, wherein the pre-chill station further
comprises:

a pre-chill gas sealing ring disposed about a perimeter of the chillei] workpiece
support, wherein the pre-chill gas sealing ring is configured to support a :>zriphery of the
workpiece; |

a pre-chill clamp configured to maintain a position of the workpiecz on the chilled
workpiece support; and

a pre-chill gas source configured to provide a pre-chill gas betweer a gas cooling
space defined between the workpiece and a surface of the chilled workp «.ce suppbrt,
wherein a pressure of the pre-chill gas generally determines a cooling of t1e workpiece.

8. The ion implantation system of claim 1, wherein the post-hi2.at station

comprises a heating station support comprising a heating plate configure«! to support

the workpiece and to heat the workpiece to the second temperature.
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9. The ion implantation system of claim 8, wherein the post-he:t station
further comprises:

a post-heat gas sealing ring disposed about a perimeter of the hezt2d workpiece
support, wherein the post-heat gas sealing ring is configured to support a seriphery of
the workpiece;

a post-heat clamp configured to maintain a position of the workpie -2 on the
heated workpiece support; and

a post-heat gas source configured to provide a post-heat gas betwi:en a gas
heating space defined between the workpiece and a surface of the heatec workpiece
support, wherein a pressure of the post-heat gas generally determines a I eating of the
workpiece.

10.  The ion implantation system of claim 1, further comprising:

a chilled workpiece holding station positioned within the process chiamber,
wherein the chilled workpiece holding station comprises a cold workpiecs: support
configured to support the workpiece when the workpiece is at the first ternperature;

a heated workpiece holding station positioned within the process chamber,
wherein the heated workpiece holding station comprises a hot workpiece :support

configured to support the workpiece when the workpiece is at the seconc temperature.

11.  The ion implantation system of claim 10, wherein the chuch. s
diametrically opposed to the load lock chamber, the pre-chill station is diia netrically
opposed to the post-heat station, and the chilled workpiece holding station is
diametrically opposed to the heated workpiece holding station within the vacuum

chamber.

12.  The ion implantation system of claim 11, wherein the workpiece transfer
arm comprises two pairs of workpiece transfer clamps positioned approximately 90
degrees from one another, wherein each pair of workpiece transfer clamps is
diametrically opposed to each other, and wherein each pair of workpiece: ransfer

clamps is configured to concurrently grasp or release a workpiece from the chuck and
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load Iock_ chamber, the from the pre-chill station and post-heat station, or t1e chilled
workpiece holding station and heated workpiece holding station, based o a rotationai
position of the workpiece transfer arm.

13.  The ion implantation system of claim 1, wherein the chuck i diametrically
opposed to the load lock chamber, and the pre-chill station is diametrically opposed to
the post-heat station within the vacuum chamber.

14.  The ion implantation system of claim 1, wherein the workpie« e transfer
arm comprises a pair of workpiece transfer clamps that are diametrically opposed to
each other, and wherein the pair of workpiece transfer clamps are configu-ed to
concurrently grasp or release a workpiece from the chuck and load lock chamber, or
from the pre-chill station and post-heat station, based on a rotational posi:on of the

workpiece transfer arm.

15.  The ion implantation system of claim 1, wherein the post-hext station and
pre-chill station are generally isolated from one another within the process chamber.

16.  The ion implantation system of claim 1, further comprising a controller
configured to determine the first temperature and the second temperature, based, at

least in part, on a desired process throughput.

17.  Theion implantation system of claim 16, further comprising = temperature
monitoring system configured to measure a temperature of the workpiece it the pre-chill
station and the post-heat station, wherein the controller is further configur: 1 to control
cooling of the workpiece to the first temperature and the heating of the war <piece to the
second tempefature, based., at least in part, on the measured temperature: of the

workpiece.
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18. A method for implanting ions into a workpiece at sub-ambie~it
temperatures, the method comprising:

providing a workpiece in an external environment at an external teiy perature and
external pressure;

transferring the workpiece from the external environment to a load lick chamber;

lowering the pressure within the load lock chamber to a substantial ‘racuum:;

transferring the workpiece from the load lock chamber to pre-chill station within a
vacuum environment of a process chamber in a cold implant ion implanta on system;

cooling the workpiece at the pre-chill station, wherein the pre-chill tation is
cooled to a first temperature that is lower than a process temperature;

| transferring the workpiece from the pre-chill station to a chuck that it cooled to

the process temperature; ‘

implanting ions into the workpiece;

transferring the workpiece from the chuck to a post-heat station wit-in the
vacuum environment;

heating the workpiece at the post-heat station, wherein the post-he:t station is
heated to a second temperature that is greater than the external temperat.ire;

transferring the workpiece from the post-heat station to thé load lock chamber;

increasing the pressure within the load lock chamber to the external pressure;
and

removing the workpiece from the load lock chamber.

19.  The method of claim 18, wherein cooling the workpiece comjz-ises
clamping the workpiece to a chilled workpiece support and providing a baci side gas at
the first temperature to a backside of the workpiece.

- 20.  The method of claim 18, wherein heating the workpiece com arises

clamping the workpiece to a heated workpiece support and providing a bar <side gas at

the second temperature to a backside of the workpiece.
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21. The method of claim 18, wherein the first temperature is at I::ast an order
of magnitude lower than the process temperature and the second temper:ture is not
more than approximately 150C.

22. The method of claim 18, wherein transferring the workpiece: from the load
lock chamber to the pre-chill station occurs while concurrently transferrin: another
workpiece from the chuck to the post-heat station.

23. The method of claim 22, wherein transferring the workpiece: from the pre-
chill station to the chuck occurs while concurrently transferring the anoth:: - workpiece
from the post-heat station to the load lock chamber.

24. The method of claim 18, wherein transferring the workpiece: from the pre-
chill station to the chuck comprises:

transferring the workpiece from the pre-chill station to a chilled wor <piece holding
station; and

transferring the workpiece from the chilled workpiece holding station to the
chuck.

25. The method of claim 18, wherein transferring the workpiecs: from the post-
heat station to the load lock chamber comprises:

transferring the workpiece from the post-heat station to a heated v orkpiece
holding station; and

transferring the workpiece from the heated workpiece holding station to the load

lock chamber.

26. The method of claim 18, wherein transferring the workpiec:z comprises

concurrently transferring two or more workpieces.
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