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USJ TECHNIQUES WITH HELIUM-TREATED
SUBSTRATES

This application is a continuation-in-part of U.S. applica-
tion Ser. No. 12/339,295, filed Dec. 19, 2008, which claims
priority of U.S. Provisional Patent Application No. 61/088,
809, filed on Aug. 14, 2008, the disclosures of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Ion implanters are commonly used in the production of
semiconductor wafers. An ion source is used to create a beam
of charged ions, which is then directed toward the wafer. As
the ions strike the wafer, they impart a charge in the area of
impact. This charge allows that particular region of the wafer
to be properly “doped”. The configuration of doped regions
defines their functionality, and through the use of conductive
interconnects, these wafers can be transformed into complex
circuits.

FIG. 1 is a block diagram of a plasma doping system 100,
while FIG. 2 is a block diagram of a beam-line ion implanter
200. Those skilled in the art will recognize that the plasma
doping system 100 and the beam-line ion implanter 200 are
each only one of many examples of differing plasma doping
systems and beam-line ion implanters that can provide ions.
This process also may be performed with other ion implan-
tation systems or other substrate or semiconductor wafer
processing equipment. While a silicon substrate is discussed
in many embodiments, this process also may be applied to
substrates composed of SiC, GaN, GaP, GaAs, polysilicon,
Ge, quartz, or other materials known to those skilled in the art.

Turning to FIG. 1, the plasma doping system 100 includes
a process chamber 102 defining an enclosed volume 103. A
platen 134 may be positioned in the process chamber 102 to
support a substrate 138. In one instance, the substrate 138
may be a semiconductor wafer having a disk shape, such as,
in one embodiment, a 300 millimeter (mm) diameter silicon
wafer. The substrate 138 may be clamped to a flat surface of
the platen 134 by electrostatic or mechanical forces. In one
embodiment, the platen 134 may include conductive pins (not
shown) for making connection to the substrate 138.

A gas source 104 provides a dopant gas to the interior
volume 103 of the process chamber 102 through the mass
flow controller 106. A gas baffle 170 is positioned in the
process chamber 102 to deflect the flow of gas from the gas
source 104. A pressure gauge 108 measures the pressure
inside the process chamber 102. A vacuum pump 112 evacu-
ates exhausts from the process chamber 102 through an
exhaust port 110 in the process chamber 102. An exhaust
valve 114 controls the exhaust conductance through the
exhaust port 110.

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

The process chamber 102 may have a chamber top 18 that
includes a first section 120 formed of a dielectric material that
extends in a generally horizontal direction. The chamber top
118 also includes a second section 122 formed of a dielectric
material that extends a height from the first section 120 in a
generally vertical direction. The chamber top 118 further
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includes a lid 124 formed of an electrically and thermally
conductive material that extends across the second section
122 in a horizontal direction.

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

The plasma doping system 100 also may include a bias
power supply 148 electrically coupled to the platen 134. The
bias power supply 148 is configured to provide a pulsed
platen signal having pulse on and off time periods to bias the
platen 134, and, hence, the substrate 138, and to accelerate
ions from the plasma 140 toward the substrate 138 during the
pulse on time periods and not during the pulse off periods.
The bias power supply 148 may be a DC or an RF power
supply.

The plasma doping system 100 may further include a
shield ring 194 disposed around the platen 134. As is known
in the art, the shield ring 194 may be biased to improve the
uniformity of implanted ion distribution near the edge of the
substrate 138. One or more Faraday sensors such as an annu-
lar Faraday sensor 199 may be positioned in the shield ring
194 to sense ion beam current.

The plasma doping system 100 may further include a con-
troller 156 and a user interface system 158. The controller 156
can be or include a general-purpose computer or network of
general-purpose computers that may be programmed to per-
form desired input/output functions. The controller 156 can
also include other electronic circuitry or components, such as
application-specific integrated circuits, other hardwired or
programmable electronic devices, discrete element circuits,
etc. The controller 156 also may include communication
devices, data storage devices, and software. For clarity of
illustration, the controller 156 is illustrated as providing only
an output signal to the power supplies 148, 150, and receiving
input signals from the Faraday sensor 199. Those skilled in
the art will recognize that the controller 156 may provide
output signals to other components of the plasma doping
system and receive input signals from the same. The user
interface system 158 may include devices such as touch
screens, keyboards, user pointing devices, displays, printers,
etc. to allow a user to input commands and/or data and/or to
monitor the plasma doping system via the controller 156.

In operation, the gas source 104 supplies a primary dopant
gas containing a desired dopant for implantation into the
substrate 138. The gas pressure controller 116 regulates the
rate at which the primary dopant gas is supplied to the process
chamber 102. The source 101 is configured to generate the
plasma 140 within the process chamber 102. The source 101
may be controlled by the controller 156. To generate the
plasma 140, the RF source 150 resonates RF currents in at
least one of the RF antennas 126, 146 to produce an oscillat-
ing magnetic field. The oscillating magnetic field induces RF
currents into the process chamber 102. The RF currents in the
process chamber 102 excite and ionize the primary dopant gas
to generate the plasma 140.

The bias power supply 148 provides a pulsed platen signal
to bias the platen 134 and, hence, the substrate 138 to accel-
erate ions from the plasma 140 toward the substrate 138
during the pulse on periods of the pulsed platen signal. The
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frequency of the pulsed platen signal and/or the duty cycle of
the pulses may be selected to provide a desired dose rate. The
amplitude of the pulsed platen signal may be selected to
provide a desired energy. With all other parameters being
equal, a greater energy will result in a greater implanted
depth. The plasma doping system 100 may incorporate hot or
cold implantation of ions in some embodiments.

Turning to FIG. 2, a beam-line ion implanter 200 may
produce ions for treating a selected substrate. In one instance,
this may be for doping a semiconductor wafer. In general, the
beam-line ion implanter 200 includes an ion source 280 to
generate ions that form an ion beam 281. The ion source 280
may include an ion chamber 283 and a gas box containing a
gas to be ionized. The gas is supplied to the ion chamber 283
where the gas is ionized. This gas may be or may include or
contain, in some embodiments, hydrogen, helium, other rare
gases, oxygen, nitrogen, arsenic, boron, phosphorus, carbo-
rane, aikanes, or another large molecular compound. The ions
thus generated are extracted from the ion chamber 283 to
form the ion beam 281. A power supply is connected to an
extraction electrode of the ion source 280 and provides an
adjustable voltage.

The ion beam 281 passes through a suppression electrode
284 and ground electrode 285 to mass analyzer 286. Mass
analyzer 286 includes resolving magnet 282 and masking
electrode 288 having resolving aperture 289. Resolving mag-
net 282 deflects ions in the ion beam 281 such that ions of a
desired ion species pass through the resolving aperture 289.
Undesired ion species do not pass through the resolving aper-
ture 289, but are blocked by the masking electrode 288.

Ions of the desired ion species pass through the resolving
aperture 289 to the angle corrector magnet 294. Angle cor-
rector magnet 294 deflects ions of the desired ion species and
converts the ion beam from a diverging ion beam to ribbonion
beam 212, which has substantially parallel ion trajectories.
The beam-line ion implanter 200 may further include accel-
eration or deceleration units in some embodiments.

Anend station 211 supports one or more substrates, such as
substrate 138, in the path of ribbon ion beam 212 such that
ions of the desired species are implanted into substrate 138.
The substrate 138 may be, for example, a silicon wafer or a
solar panel. The end station 211 may include a platen 295 to
support the substrate 138. The end station 211 also may
include a scanner (not shown) for moving the substrate 138
perpendicular to the long dimension of the ribbon ion beam
212 cross-section, thereby distributing ions over the entire
surface of substrate 138. Although the ribbon ion beam 212 is
illustrated, other embodiments may provide a spot beam.

The ion implanter 200 may include additional components
known to those skilled in the art. For example, the end station
211 typically includes automated substrate handling equip-
ment for introducing substrates into the beam-line ion
implanter 200 and for removing substrates after ion implan-
tation. The end station 211 also may include a dose measuring
system, an electron flood gun, or other known components. It
will be understood to those skilled in the art that the entire
path traversed by the ion beam is evacuated during ion
implantation. The beam-line ion implanter 200 may incorpo-
rate hot or cold implantation of ions in some embodiments.

As stated above, ion implantation is a standard technique
for introducing conductivity-altering impurities into semi-
conductor substrates. A desired impurity material is ionized
in an ion source, the ions are accelerated, and the ions are
directed at the surface of the substrate. The energetic ions
penetrate into the bulk of the semiconductor material. Fol-
lowing an annealing process, the ions may become incorpo-
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4

rated into the crystalline lattice of the semiconductor material
to form a region of desired conductivity.

Silicon or other materials may also have an amorphous
crystal structure. In a silicon substrate, one silicon atom is
usually tetrahedrally bonded to four neighboring silicon
atoms and these silicon atoms will form a well-ordered lattice
across the substrate. In contrast, this order does not exist in
amorphous silicon. Instead, the silicon atoms form a random
network and the silicon atoms may not be tetrahedrally
bonded to four other silicon atoms. In fact, some silicon atoms
may have dangling bonds.

Amorphizing implants, such as a pre-amorphizing implant
(PAI), are used to amorphize the crystal lattice of a substrate.
Prior to the amorphizing implant, the substrate usually has a
crystal lattice with a long-range order. Such a structure allows
implanted ions to move through the crystal, or channel. By
amorphizing the substrate, channeling of dopants, or implan-
tation of ions substantially between the crystal lattice of the
substrate, during later implantation may be prevented or
reduced because the substrate will lack a long-range order.
Thus, the dopant implant profile may be kept shallow.

Previously, USJ formation had been performed with a PAI
using heavier species such as germanium and silicon to pre-
vent channeling. This method may cause residual damage at
the end of range and subsequent leakage in complementary
metal oxide semiconductor (CMOS) transistors. Yet, if the
PAI step was removed, channeling of ions will occur, thereby
increasing the junction depths. Additionally, advances in USJ
have required annealing technologies capable of millisecond
(MS) thermal budgets near a target temperature. A MS anneal
is unable to completely remove implant damage caused by
silicon or germanium PAI, and specifically end of range
(EOR) defects. Furthermore, there is a lack of lateral diffu-
sion of a dopant in the substrate. This lack of lateral diffusion
may cause overlap capacitance issues within a device.

Accordingly, there is a need to improve the implantation
methods used to form USJ and, more particularly, there is a
need to create methods using helium to form ultra shallow
junctions.

SUMMARY OF THE INVENTION

The problems of the prior art are addressed by the present
disclosure, which describes a method of using helium to
create ultra shallow junctions. A pre-implantation amor-
phization using helium has significant advantages. For
example, it has been shown that upon anneal dopants will
penetrate the substrate only to the original amorphous-crys-
talline interface, and no further. Therefore, by properly deter-
mining the implant energy of helium, it is possible to exactly
determine the junction depth. Increased doses of dopant
enhance the activation thereby lowering the substrate resis-
tance without affecting junction depth. Furthermore, the lat-
eral straggle of helium is related to the implant energy and the
dose rate of the helium PAI, therefore lateral diffusion can
also be determined based on the implant energy and dose rate
of the helium PAI. Thus, dopant may be precisely implanted
beneath a sidewall spacer, or other obstruction.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 is a block diagram of a plasma doping system;

FIG. 2 is a block diagram of a beam-line ion implanter;
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FIG. 3 is a substrate with an amorphous crystal structure
caused by a PAI;

FIGS. 4A-4C are cross-sectional views of actual versus
target profiles;

FIG. 5 is a cross-sectional view of the amorphous-crystal-
line interface;

FIG. 6 is a cross-sectional view of boron diffusion;

FIG. 7 is a cross-sectional view of a lack of lateral diffu-
sion;

FIGS. 8A-8C illustrate lateral straggle control;

FIGS. 9A-9E illustrate lateral straggle control;

FIGS. 10A-10D are cross-sectional views of improving
lateral straggle;

FIGS.11A-11B illustrate junction depth using helium PAT;

FIGS. 12A-12B illustrate the amorphous-crystalline inter-
face for a cooled and uncooled implant; and

FIGS.13A-13B are cross-sectional views of boron implan-
tation.

DETAILED DESCRIPTION OF THE INVENTION

As stated above, silicon is typically a crystalline structure,
where each silicon atom is tetrahedrally bonded to four neigh-
boring silicon atoms. By bombarding this crystalline struc-
ture with atoms, such as silicon, germanium, or helium, the
crystalline structure of the silicon workpiece can be altered.
FIG. 3 is a substrate with an amorphous crystal structure. This
crystal lattice 300 is implanted with ions 301 to cause this
amorphous structure. This crystal lattice 300 which may be
made up of, for example, silicon atoms, is amorphous, lacks
a long-range order, and includes some atoms with dangling
bonds. These ions 301 may be part of a helium PAIL for
example. Since the crystal lattice 300 lacks a long-range
order, the channels within the crystal lattice 300 do not exist.
Thus, ions are unable to channel between the crystal lattice
300.

By bombarding ion to amorphize the substrate, channeling
of implanted ions can be eliminated. However, while PAI
eliminates the channeling issue, it causes other problems. The
implantation of ions, specifically heavier species such as ger-
manium and silicon, causes residual damage at end of range
(EOR). The end of range is the lowest depth within the sub-
strate where implanted ions reach. These EOR defects cause
subsequent leakage in the CMOS transistors. Ultra shallow
junctions also require annealing techniques capable of milli-
second (MS) thermal budgets near the target temperature.
Two drawbacks in the MS only anneal are the inability to
completely remove the implant damage, specifically EOR
defects described above, and the lack of lateral diffusion of
the dopant, which causes overlap capacitance issues within
the device.

A helium PAI solves the problems of preventing channel-
ing ofions and enabling a MS anneal. As is the case with other
implants, a helium PAI has the ability to amorphize a sub-
strate so that channeling of ions is prevented. In addition, it
has been found that a helium PAI also results in no residual
damage after annealing. Additionally, during the anneal pro-
cess after a helium PAI, some implanted dopant ions, such as
boron, carborane, arsenic, phosphorus and others, will trans-
port to the original amorphous-crystalline interface that was
created by the helium PAI. Tests have shown that these
implanted ions do not diffuse past the original amorphous-
crystalline interface, rather they stop at that interface. This
transport phenomenon gives helium the ability to tailor junc-
tion depth (x;) and/or lateral diffusion. A helium PAI may,
thus, enable an MS anneal by overcoming issues associated
with lateral diffusion. The helium PAI also may enable an MS
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anneal or tailoring of junction depth for other dopants besides
boron, such as arsenic or phosphorus. A helium PAT also will
fully repair with a solid phase epitaxy (SPE) anneal or MS
anneal whereas a germanium or silicon PAI will not. Further-
more, because there is no residual damage, a helium PAT also
will not cause substantial leakage, unlike a germanium PAI.

As mentioned above, use of an MS anneal without a rapid
thermal processing (RTP) step for germanium or silicon PAI
has two main issues. First, there is an inability to fully repair
implant damage, which may lead to device leakage. Second,
there is a lack of lateral diffusion. Lateral diffusion is the
diffusion of a dopant, such as boron, from the implanted
region to the target profile after anneal. This is problematic;
especially in the region beneath the sidewall spacers. FIGS.
4A-4C are cross-sectional views of actual profiles versus
target profiles. FIG. 4C shows the target profile 401, where
boron is implanted beneath the sidewalls 402. FIG. 4A shows
the actual implanted region 400 following a MS anneal. The
lack of lateral diffusion keeps the actual profile 400 from
achieving the target profile 401, leaving a gap between the
gate and the implanted region, as shown in FIG. 4B. This may
lead to overlap capacitance issues or undesired channel con-
ductance.

FIGS. 11A-11B show several important characteristics of
helium PAI In FIG. 11A, the dose rate of the helium is varied,
while the Rs is kept constant. The graph shows that by varying
the helium dose rate, a predefined junction depth can be
achieved for a specific substrate resistance. Higher dose rates
result in shallower junction depths.

FIG. 11B shows the effects of increased dopant dose on a
substrate which has undergone helium PAI. Note that in this
case, the dose of a particular dopant does not affect the junc-
tion depth, rather only the Rs is changed. In other words,
increasing doses of dopant retain the same junction depth, but
with a reduction in substrate resistance. In all cases, a fixed
helium PAI of a predetermined dose rate and implant energy
was performed. Following that, ion implants of BF, and car-
borane were performed at various doses, and the resulting
junction depths were measured. Note that in the case of car-
borane, the increased dose does not increase the junction
depth beyond about 13 nm. While the graph shows an
increase in junction depth resulting from an increased dose of
BF,, it is believed that the dopant has not yet reached the
amorphous-crystalline interface. Further increases in the
dose of BF2 would show similar results to those demonstrates
by carborane. Thus, junction depth can be determined by
proper dose rate during the helium PAI.

FIG. 5 is a cross-sectional view of semiconductor substrate
following a helium PAI. The depth of the helium atoms
defines the amorphous-crystalline interface 500. As shown in
FIG. 11B, subsequent implants will diffuse only to the amor-
phous-crystalline interface, and no further. In other words, the
dopants will diffuse through the amorphous region, but may
not diffuse into the crystalline region. Thus, the shape and
depth of the dopant profile may be tailored by the proper
application of the helium PAI. In some embodiments, the
implant energy of the helium PAI is varied to determine the
thickness of the amorphous layer. In a plasma processing
system, implant energy is controlled by the magnitude of the
bias voltage applied to the platen. In a beamline system,
implant energy can be controlled by the voltage applied to the
electrodes 284, 285. In another embodiment, the thickness of
the amorphous layer may be controlled by using a constant
energy during the PA: implant. For example, as shown in FIG.
11A, the dose rate of the helium PAI can control the depth of
amorphous layer. In a plasma processing system, the dose rate
can be changed by varying the RF power as controlled by
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antenna 126, 146, implant pressure, the duty cycle of the
platen bias voltage, or He flow. In a beam line system, dose
rate can be varied by varying the extracted ion beam current,
or by modifying the size or shape of the ion beam.

FIG. 6 is a cross-sectional view of a substrate following a
boron diffusion occurring after a helium PAI. If boron is
implanted in only the implanted region 600, the boron will
diffuse throughout the amorphized region caused by a PAI
implant that is within the amorphous-crystalline interface
(represented by the dotted line 601 in FIG. 6). The boron will
not substantially diffuse past the amorphous-crystalline inter-
face. In one particular embodiment, the helium PAI is
implanted at 250V in the plasma doping system 100, although
other bias voltages or implantation methods are possible.

Notice that the helium PAT shown in FIGS. 5 and 6 create
an amorphous-crystalline interface that is located beneath the
sidewall spacer 700. However, this amorphous-crystalline
interface does not extend to the gate. FIG. 7 is a cross-sec-
tional view of the semiconductor device, which demonstrates
this lack of lateral diffusion. This lack of lateral diffusion may
lead to overlap capacitance, as shown in FIG. 4. Since the
dopant cannot diffuse past the amorphous-crystalline inter-
face, improper placement of an amorphous-crystalline inter-
face may at least partly cause this lack of lateral diffusion. To
avoid overlap capacitance, the implanted dopant 701 needs to
diffuse fully under the sidewall spacer 700. In order for this to
occur, the amorphous-crystalline interface must be located
near the gate.

One factor that affects the location of the amorphous-
crystalline interface in FIGS. 5-7 is the lateral straggle of
helium during the PAI process. Lateral straggle is defined as
the motion of ions parallel to the wafer as a result of ion
implantation. In other words, more lateral movement (or
straggle) would create an amorphous-crystalline interface
that extends further beneath the sidewall spacer.

FIGS. 8A-8C illustrate the use of implant voltage to control
lateral straggle. Use of an atom with a light atomic weight,
such as helium, and varied implant energy allows control of
this lateral straggle. Control of lateral straggle allows control
of lateral amorphization and, therefore, dopant lateral diffu-
sion. FIGS. 8A-8C illustrate the effect of increased implant
energy. In all cases, a helium PAI was performed using a
plasma doping system 100, as shown in FIG. 1, followed by a
boron ion implantation. FIG. 8 A shows the profile of dopant
within the substrate when the helium implanted at a voltage of
250V. Note that the diffusion profile has a depth of roughly
150 A, while the implanted ions have a lateral straggle of
about 200 A. Increasing the voltage applied to the platen to
500V during PAI, as shown in FIG. 8B, creates a larger
diffusion profile, about 200 A in depth and 300 A in the lateral
direction. Finally, applying a voltage of about 1000V to the
platen during the helium PAI creates a diffusion profile hav-
ing a depth of about 300 A and dispersion of about 400 A in
the lateral direction. Thus, by modifying the implant energy
of the helium PAI, the region of dopant diffusion may be
changed and lateral straggle may be controlled. Similar result
may be achieved using a beam line system by modifying the
voltage applied to the extraction electrodes.

FIGS. 9A-9E illustrate lateral straggle control when ger-
manium is used to perform the PAI. A germanium PAI is
illustrated in FIGS. 9A-9C and a boron PAI is illustrated in
FIGS. 9D-9E. At higher energies, as shown in FIGS. 9B-9C,
the germanium PAI does not allow lateral straggle to be
controlled. This is because germanium is much heavier than
helium and thus, implants deep into the substrate rather than
dispersing quickly like a helium PAI. Note that even at 20
KeV, germanium does not have the lateral straggle seen in
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helium at much lower energy levels. FIGS. 9D-9E show that
boron, which is lighter than germanium, does not penetrate as
deeply as germanium. However, the increased implant energy
does little to affect the lateral straggle, while it does increase
the junction depth.

FIGS. 10A-10D are cross-sectional views of a semicon-
ductor device showing the method used to improve lateral
straggle. In FIG. 10A, a 250V He PAI is performed, as was
described with respect to FIG. 8A. However, this energy level
does not result in enough lateral straggle because the amor-
phous-crystalline interface is not fully under the sidewall
spacer 700. Thus, the dopant likely would not fully diffuse
under the sidewall spacer and overlap capacitance could
occur. A higher implant energy, such as 1000V is illustrated in
FIG. 10B and shows improved lateral straggle. The boron in
this instance will diffuse to the amorphous-crystalline inter-
face represented by the dotted line of FIG. 10C. This He PAI
will result in the ideal dopant profile shown in FIG. 10D with
either an MS anneal or an SPE anneal.

Use of a helium PAI may prevent channeling of a subse-
quent implant followed by a low-angle source drain extension
(SDE) implant. Thus, the dopant may be placed at least partly
under any sidewall spacers. The helium PAI also may over-
come any problems with lateral diffusion that are caused by a
MS anneal or SPE anneal. In the plasma doping system 100,
ramp voltage, pressure, or other parameters may be config-
ured to control lateral diffusion.

Variations in the implant voltage of the helium PAI may
increase lateral straggle and, consequently, lateral amor-
phization under the sidewall spacer, or any other obstruction,
such as photomask material. Boron, carborane, arsenic, phos-
phorus or other implanted ions, will diffuse to this amor-
phous-crystalline interface at the desired location during an
anneal to achieve an optimal active dopant profile. Further-
more, the implant energy and the dose rate of the helium PAI
may be configured to adjust the amorphous-crystalline inter-
face that determines the implanted ion junction depth during
an anneal. The ability of helium to stop boron diffusion at this
interface may allow tailoring of a USJ.

In another embodiment, the substrate is cooled during the
boron or phosphorus implant after the He PAI. While boron
and phosphorus are specifically disclosed, other dopants,
such as arsenic, also may be used. The cooled substrate may
slow or retard lateral diffusion of the boron or phosphorus.
This may cause less EOR defects because there are less inter-
stitials. Less EOR defects result in less transient enhanced
diffusion (TED). For example, the substrate may be cooled to
less than —100° C. or to between 0° C. and -150° C. The
cooling may be performed by backside cooling using the
platen 134 or platen 295. The cooling also may be performed
by pre-cooling the substrate prior to implantation. Thus, the
cooling could be either prior to the implantation, at least
partially during the implantation, or a combination of both
prior to and during the implantation.

FIGS. 12A-12B illustrate the amorphous-crystalline inter-
face for a cooled and uncooled implant. FIG. 12A illustrates
an uncooled implant. Between the amorphous-crystalline
interface (labeled as the a/c interface) and the implant depth,
EOR defects are formed. These EOR defects drive TED dur-
ing an anneal. FIG. 12B illustrates a cooled implant. The
amorphous-crystalline interface is deeper than in FIG. 12A,
resulting in less EOR defects and less TED. This is at least
partly because the substrate in FIG. 12B is cooler than the
substrate in FIG. 12A.

In yet another embodiment, the boron or phosphorus
implant angle relative to the substrate is varied. In a first
phase, a 0° implant of the boron or phosphorus is performed.



US 8,124,506 B2

9

Again, while boron and phosphorus are specifically dis-
closed, other dopants, such as arsenic, also may be used. This
will dope the substrate to the desired junction depth. In a
second phase, an angled implant of, for example, between
2°-3° relative to the substrate is performed. This angled
implant will compensate for any lack of lateral diffusion of
the boron or phosphorus. The first phase and second phase
may be performed in either order. In one specific instance, the
first phase is performed until the substrate begins to amor-
phize and then the second phase is performed. While an
angled implant of between 2°-3° is disclosed, other angled
implants greater than 0° and up to 10° relative to the substrate,
for example, may be performed. Other angled implants rela-
tive to the substrate also may be possible.

FIGS.13A-13B are cross-sectional views of boron implan-
tation. In FIG. 13 A, the first phase occurs. The 0° implant 800
will implant, for example, boron. In FIG. 13B, the second
phase occurs. The 2°-3° implant 801 will implant, for
example, boron under the sidewall spacer 700. This may
compensate for any lack of lateral diffusion of boron under
the sidewall spacer.

An embodiment of the method described herein is not
solely limited to placing a dopant under a sidewall spacer.
Rather, it may be applied to other doping methods. For
example, applications where precise junction depth or exten-
sive or precise lateral diffusion is required may benefit from
an embodiment of the process described herein. By varying
the implant energy and the dose rate of the helium PAI, both
the lateral straggle and the junction depth can be controlled.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other various
embodiments of and modifications to the present disclosure,
in addition to those described herein, will be apparent to those
of ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and
modifications are intended to fall within the scope of the
present disclosure. Furthermore, although the present disclo-
sure has been described herein in the context of a particular
implementation in a particular environment for a particular
purpose, those of ordinary skill in the art will recognize that
its usefulness is not limited thereto and that the present dis-
closure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the
claims set forth below should be construed in view of the full
breadth and spirit of the present disclosure as described
herein.

What is claimed is:

1. A method of implanting ions in a substrate, said ions
creating an implanted region having a specific junction depth
and extending beneath an obstruction, comprising:
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performing a helium pre-amorphizing implant (PAI) into
said substrate having said obstruction adjacent a gate,
said obstruction defining a first side disposed on said
gate, wherein said helium PAI implants under said
obstruction and forms an amorphous-crystalline inter-
face under said obstruction such that said amorphous-
crystalline interface extends up to said first side;

implanting dopant ions during a first phase wherein said
dopant ions are implanted at 0° relative to said substrate;
and

implanting said dopant ions during a second phase wherein

said dopant ions are implanted at an angle greater than 0°
and less than or equal to 10° relative to said substrate,
wherein said second phase implants said dopant ions
under said obstruction.

2. The method of claim 1, wherein said obstruction com-
prises a sidewall spacer.

3. The method of claim 1, wherein said obstruction com-
prises a photomask.

4. The method of claim 1, wherein said helium PAI, said
implanting during said first phase, and said implanting during
said second phase are performed using a plasma doping sys-
tem.

5. The method of claim 1, wherein said helium PAI, said
implanting during said first phase, and said implanting during
said second phase are performed using a beamline ion
implanter.

6. The method of claim 1, further comprising cooling said
substrate.

7. The method of claim 6, wherein said cooling is per-
formed at least partially during said implanting during said
first phase and said implanting during said second phase.

8. The method of claim 6, wherein said cooling is per-
formed prior to said implanting during said first phase and
said implanting during said second phase.

9. The method of claim 6, wherein said substrate is cooled
to between 0° C. and -150° C.

10. The method of claim 6, wherein said substrate is cooled
to -100° C.

11. The method of claim 1, wherein said dopant ions during
said second phase are implanted at between 2° to 3° relative to
said substrate.

12. The method of claim 1, wherein said dopant ions com-
prise boron.

13. The method of claim 1, wherein said obstruction is
formed prior to said performing said helium PAIL.



