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ION IMPLANTER PROVIDED WITH A PLURALITY OF PLASMA'S OURCE

BODIES

The present invention relates to an ion implanter
provided with a plurality of plasma source bodies.

The field of the invention is that of ion implante
operating in plasma immersion mode. Thus, implanti
ions in a substrate consists in immersing the subst
in a plasma and in biasing it with a negative volta
a few tens of volts to a few tens of kilovolts (kV)
(generally at least 100 kV), in order to create an
electric field that is capable of accelerating the
of the plasma towards the substrate.

The penetration depth of the ions is determined by
their acceleration energy. It depends firstly on t
voltage applied to the substrate and secondly on th
respective natures of the ions and of the substrate
concentration of implanted atoms depends on the dos
which dose is expressed as a number of ions per squ

centimeter (cm 2), and also on the implantation depth.

The plasma is generated within a source body that
arranged facing the substrate carrier. The source
is in the form of a cylindrical segment that is fre
any inside obstacle; it opens out into the enclosur
the implanter. Around each source body, there is a
radiofrequency antenna that is provided to generate
plasma. In general, the cylinder constituting the
body is a circular cylinder.

The diameter of the source body is necessarily
limited since plasma density decreases with increas
distance from the antenna. In order to conserve a
satisfactory plasma density at the center of the so
body, this diameter thus generally lies in the rang
100 millimeters (mm) to 200 mm.

The plasma extends from the source body towards th

substrate carrier with a hyperboloid profile. As a
result, a substrate of large size needs to be place
relatively far from the substrate carrier if it is
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desired for implantation to take place over its ent
area.

This spacing has the consequence of significantly

reducing the density of the plasma at the level of
substrate. As a result, for a given dose, the time
required for implantation is considerably increased

Thus, Document EP 0 480 688 teaches an arrangement

of plasma sources for ion implantation. The implan
has an enclosure in which a substrate carrier is ar
that is connected to a substrate power supply via a
voltage electrical passage, the enclosure being pro
with pump means, the enclosure also including a
cylindrical source body free from any obstacle and
arranged facing the substrate carrier, the enclosur
including at least one additional cylindrical sourc
that is also free from any obstacle and that is als
arranged facing the substrate carrier.

Mention may also be made of Document US 6 300 227,

which describes an ion implantation system operatin
plasma immersion analogous to that described above.

In both of those documents, magnetic confinement

means are provided for the enclosure. Unfortunatel
such an arrangement is not good for plasma uniformi

An object of the present invention is thus to
provide an ion implanter that is suitable for subst
of large dimensions, also making it possible to tre
large number of substrates of small dimensions arra
on a substrate carrier of large size, with the impl
providing increased plasma uniformity.

According to the invention, an ion implanter
comprises an enclosure having arranged therein a
substrate carrier connected to a substrate power su
via a high voltage electrical passage, the enclosur
being provided with pump means, the enclosure also
at least two cylindrical source bodies free from an
obstacle and arranged facing the substrate carrier;
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ion implanter is remarkable in that it includes at
one confinement coil per source body.

With this configuration, the magnetic field is at
maximum where the plasma forms. The field lines fl
inside the enclosure, thereby causing the plasma to
extended, with the consequence of achieving good
uniformity over a larger area at the level of the
substrate carrier. Furthermore, it is thus possibl
adjust the magnetic field produced by each confinem
coil, thereby providing an additional adjustment fo
improving the uniformity over the surface that is t
treated.

Advantageously, each of said source bodies is
provided with an external radiofrequency antenna.

According to an additional characteristic of the
invention, the ion implanter includes a common
radiofrequency generator for all of the antennas.

In a first embodiment, the ion implanter includes
single tuning box arranged between the radiofrequen
generator and the antennas.

In a second embodiment, the ion implanter includes
downstream from the radiofrequency generator, a tun
box followed by a separator.

In a third embodiment, the ion implanter includes,
downstream from the radiofrequency generator, a sep
followed by a number of tuning boxes identical to t
number of source bodies.

The present invention appears below in greater
detail in the following description of embodiments
by way of illustration and with reference to the
accompanying drawings, in which:

- Figure 1 is a diagrammatic vertical segment of a
ion implanter of the invention;

- Figure 2 is a diagrammatic plan view of the
implanter;

- Figure 3 shows a first embodiment of the substra
power supply;
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- Figure 4 show a second embodiment of the substra

power supply;

- Figure 5 shows a third embodiment of the substra
power supply;

- Figure 6 is a timing chart showing an ion
implantation method;

- Figure 7 shows a first embodiment of the source
body power supply;

- Figure 8 shows a second embodiment of the source

body power supply; and

- Figure 9 shows a third embodiment of the source
body power supply.

Elements that are present in more than one of the
figures are given the same references in each of th

As shown in Figure 1, an ion implanter comprises a
plurality of elements arranged inside and outside a
vacuum enclosure ENV. For microelectronic applicat
it is recommended to use an enclosure made of alumi
alloy (or indeed an enclosure made of stainless ste
protected by plates of aluminum alloy) if it is des
to limit contamination from metallic elements such
iron, chromium, nickel, or cobalt. It is also poss
to use a coating made of silicon or of silicon carb

A substrate carrier platen PPS, in the form of a
disk in a horizontal plane, possibly mounted to tur
about its vertical axis AXT, receives the substrate
that is to be subjected to ion implantation.

A high voltage electrical passage PET formed in th
bottom portion of the enclosure ENV serves to conne
vertical shaft AXT of the platen, and thus the subs
carrier platen PPS, electrically to a substrate pow
supply ALT.

With reference to Figure 3, in a first embodiment,
this substrate power supply ALT comprises a direct
current (DC) voltage generator SOU having its posit
pole connected to ground. A branch connection in
parallel with the generator is formed by a capacito
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and a resistor RES in series, this resistor being
connected to the negative pole of the generator SOU
substrate carrier platen PPS is connected to the co
point between the capacitor CDS and the resistor RE
The capacitor CDS has capacitance of low value in
order to cause the potential of the substrate to re
progressively to a value close to zero while it is
discharging.

With reference to Figure 4, in a second embodiment

this substrate power supply ALT comprises a DC volt
generator SOU having its positive pole connected to
ground. A capacitor CDD is connected in parallel w
the generator. A switch SW is connected between th
negative pole of the generator SOU and the substrat
carrier platen PPS. This switch SW is made of meta
oxide semiconductor (MOS) technology or of insulate
bipolar transistor (IGBT) technology.

With reference to Figure 5, in a third embodiment
analogous to that described in Document WO 01/15200
substrate power supply ALT comprises:

- a DC voltage generator SOU having its positive
pole connected to ground;

- a capacitor Ct in parallel with the generator GE

- a first switch IT1 having its first pole connect
to the negative pole of the generator SOU and havin
second pole connected to the output of the power su
and

- a second switch IT2 having its first pole likewi
connected to the output and having its second pole
connected to a neutralizing terminal; this neutrali
terminal is connected either to ground, or to a low
positive voltage (at a few tens of volts) via a dis
resistor).

Furthermore, pump means are also arranged at the

bottom portion of the enclosure ENV. A primary pum
has its inlet connected to the enclosure ENV via a
having a valve VAk, and an outlet connected to the
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air via an exhaust pipe EXG. A secondary pump PS h
inlet connected to the enclosure ENV via a pipe pro
with a valve VAI, and its outlet connected to the i

of the primary pump PP via a pipe having a valve VA
The pipes are not referenced.

In this example, the ion implanter has four
identical source bodies, only two of which can be s
Figure 1. A source body is in the form of a segmen
cylinder having its base opening out into the enclo
ENV and having its top closed by a plate. These so
bodies do not contain any obstacles so that a plasm
propagate through them freely.

With reference to Figures 1 and 2, the top portion

of the enclosure ENV thus receives four source bodi
CS1, CS2, CS3, and CS4 that face the substrate carr
PPS. These bodies are made of quartz. Externally
of them is surrounded by a radiofrequency antenna A
ANT2, ANT3, or ANT4 that is situated substantially
middle. Each of them is provided with an inlet ING
ING2, ING3, or ING4 for a plasma-generating gas, wh
inlet is centered on the plate at its top.

Advantageously, the four source bodies CS1, CS2,

CS3, and CS4 are also surrounded by respective bott
magnetic confinement coils situated between the ant

ANT1, ANT2, ANT3, or ANT4 and the enclosure ENV. |

preferred to use one coil per source body. Thus, i
Figure 1, there can be seen a first confinement coi
for the first source body CS1 and a second confinem
coil BCI2 for the second source body CS2.

The four source bodies CS1, CS2, CS3, and CS4 are

preferably also surrounded by respective top magnet
confinement coils BOCs, which are omitted from Figu
for reasons of clarity. Each of these top confinem
coils is situated between one of the antennas ANT1,
ANT3, or ANT4 and the top of the corresponding sour
body. In like manner, there is a first coil BCS1 f

first source body CS1, and a second source body CS2
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It is possible to use any type of pulse plasma
source: discharge, inductively coupled plasma (ICP) :

helicon, microwaves, arc. These sources need to wo rk at
pressure levels that are low enough to ensure that the
magnetic field created between the platen PPS at hi gh
voltage and the enclosure ENV at ground voltage doe S not
ignite a discharge plasma that would disturb the pu Ise

operation of the source.
The source should be selected so as to make it

possible to have a plasma potential of less than 20 volts
(V). The ion acceleration energy is the difference

between the plasma potential and the potential of t he
substrate. The acceleration energy is thus control led
solely by the voltage applied to the substrate. Th is

point becomes predominant if it is desired to have
acceleration energies that are very low, less than

500 electron volts (eV), as applies to microelectro nic
applications.

For applications requiring a low level of metallic
contamination, again such as microelectronics, and also
the treatment of parts in the medical field, the so urce
must not present a contaminating metallic element i n
contact with the plasma. In the embodiment shown, a
radiofrequency source RF formed by a tube of quartz is
associated with an external radiofrequency antenna ANT
and with magnetic confinement coils BOCi and BOCs, as
described above. Alternatively, the source body ma y be

made of alumina.

Any plasma-generating species may be used. Itis
possible to start from a gaseous precursor such as N,, O ,,
H,, He, Ar, BF 3B ,Hs, AsH 5, PH 5, SIH ,,orC ,H,; itisalso
possible to use a mixture of gases such as B >Hg+H,,
AsH;+H,, PH ;+H,, etc. Itis also possible to start from a
liquid precursor such as TiCl 4 H ,0, orindeed a solid
precursor. With a solid precursor, it is appropria te to
use a thermal evaporation system (phosphorus) or a hollow
cathode system.
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In the first embodiment of the substrate power
supply described with reference to Figure 3, the
implantation method using the implanter comprises
repeating the following four or five stages periodi

- a stage of charging the capacitor CDS (the plasm
source being off) from the generator SOU until a
discharge voltage is obtained;

- a stage of igniting the plasma that is initiated
when the voltage of the substrate reaches the disch
voltage; since the impedance of the plasma is no lo
infinite, the capacitor CDS discharges through the
capacitor;

- a stage of discharging the capacitor CDS, during
which implantation is performed and during which th
plasma sheath extends; and

- a stage of extinguishing the plasma that is
initiated when the preceding stage has lasted for a
desired duration: the impedance of the plasma is on
more infinite and the charging stage can be reitera
and

- an optional waiting stage, during which nothing
happens, thus making it possible to adjust the repe
period.

During the discharge stage, which lasts for the
duration of one plasma pulse, a plasma extension zo
constituted by a cloud of ionized gas forms between
source bodies CS1, CS2, CS3, and CS4 and the substr
carrier platen PPS. The particles strike the subst
SUB for implanting with energy that enables them to
penetrate into the inside of the substrate SUB.

In the second embodiment of the substrate power
supply described with reference to Figure 4, the me
of implantation using the implanter takes place as
follows.

While the switch SW is open, the capacitor CDD
charges progressively to the nominal voltage of the
generator SOU.
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When the switch SW is closed, the plasma is ignite
and current is taken as a result of the equivalent
capacitance of the machine and as a result of the
capacitance of the plasma sheath. The equivalent
capacitance of the machine is the capacitance of th
of the elements making it up, in particular the cab
electrical passages, isolating transformers, and th
capacitance between the substrate carrier and the
enclosure.

The switch SW remains closed typically for a perio
lying in the range 5 microseconds (us) to 100 ps, d
which stage implantation takes place, since positiv
are attracted towards the substrate which is negati
biased.

The capacitor presents high capacitance (typically
lying in the range 300 nanofarads (nF) to 1.5 micro
(UF)), such that the voltage across its terminals d
not drop during implantation.

After the implantation stage, the switch SW is
opened and the generator SOU charges the capacitor
once more.

During this time, the equivalent capacitance of th
machine discharges totally into the plasma and the
substrate returns to a floating potential. As are
the electrons of the plasma neutralize the isolatin
zones of the substrate, which becomes positively ch
during implantation.

The neutralization stage during which the switch S
remains open typically lasts for a duration in the
1 ps to 80 ps.

Once the neutralization stage is over, the plasma
may be extinguished during an extinction stage, whi
presents the advantage of reducing interactions bet
plasma and surface, of reducing the thermal budget,
of minimizing particle creation. This extinction s
typically has a duration of 20 ps to 200 ps, and du
this stage the switch SW remains open.
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It is then possible to repeat the above-described
cycle:

- implantation stage;

- neutralization stage; and

- extinction stage.

With reference to Figure 6, in the third embodimen
of the substrate power supply as described with ref
to Figure 5, the implantation method using the impl
takes place as follows.

Initial state:

- plasma power supply ALP inactivated;

- first switch IT1 open,;

- second switch IT2 open.

The implantation stage takes place that the
beginning of a cycle, beginning with an initializat
step represented by point A in Figure 6.

This initialization step begins by closing the fir
switch IT1. It extends over a stabilization period
typically lies in the range 1 ps to 5 ps.

After this initialization step, there comes an
activation stage (point B in Figure 6), during whic
stage the plasma power supply ALP is activated. Th
duration of this activation step typically lies in
range 5 us to 100 ps.

There follows an extinction step (point C in
Figure 6), at the beginning of which the plasma pow
supply ALP is inactivated. This step during which
plasma is extinguished typically has a duration of
to 200 ps. It terminates the implantation stage.

A pause step (point D in Figure 6) begins by openi
the first switch IT1 and terminates at the beginnin
the neutralization stage. It may be relatively sho
since it needs to last only for as long as the firs
switch IT1 is not fully open and for as long as the
plasma is not fully extinguished. Its duration is
longer than 0.1 ps, and typically lies in the range
to 10 ps.
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The neutralization stage begins with a preliminary
step (point E in Figure 6) at the beginning of whic
second switch SW2 is closed. This preliminary step
for as long as the voltage of the substrate carrier
platen has not returned to the voltage applied to t
neutralization terminal N. Its duration typically
in the range 1 us to 40 ps.

There follows a zeroing step (point F in Figure 6)
during which the plasma power supply ALP is activat
Electrons in the plasma are attracted to those zone
the substrate that are positively charged and they
to neutralize the charge. The duration of this zer
step typically lies in the range 1 ps to 80 ps.

There follows an inactivation step (point G in
Figure 6) at the beginning of which the plasma powe
supply is deactivated. The duration of this step i
typically a few tens of microseconds.

The cycle terminates with an interruption step
(point H in Figure 6) that begins with the second s
SW?2 being opened. This interruption step lasts for
long as the second switch is not fully open and for
long as the plasma is not fully extinguished, in or
return to the initial state.

At which point a new cycle can be initiated.

It can thus be seen that the relaxation stage
(between points C and F in Figure 6) during which t
plasma power supply ALP is inactivated overlaps the
implantation stage and the initialization stage.

With reference to Figure 7, there follows a
description of a first embodiment of the plasma pow
supply ALP for the source bodies CS1, CS2, CS3, and
A radiofrequency generator RF is followed by a tuni
BA that powers the four antennas ANT1, ANT2, ANT3,
ANT4. This embodiment has the advantages of simpli
and of being inexpensive. Nevertheless, it require
good balancing of the plasma in each source body.
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With reference to Figure 8, in a second embodiment
this situation is improved. The radiofrequency gen
RF is still followed by a tuning box BA, but it is
connected to a four-channel separator SEP having it
channels connected to respective ones of the antenn
ANT1, ANT2, ANT3, and ANT4. This makes it possible
share power in such a manner as to make it equal fo
of the source bodies CS1, CS2, CS3, and CS4.
Nevertheless, it can be found difficult to achieve
tuning, in particular during stages of igniting the
plasma.

With reference to Figure 9, in a third embodiment,
this situation is improved. In this embodiment, th
radiofrequency generator RF is followed by four-cha
separator SEP. The first channel is connected to a
tuning box BA1 that powers the first antenna ANTL.
second channel is connected to a second tuning box
that powers the second antenna ANT2. The third cha
is connected to a third tuning box BA3 that powers
third antenna ANT3. Finally, the fourth channel is
connected to a fourth tuning box BA4 that powers th
fourth antenna ANT4.

Naturally, the best solution in terms of possible
adjustments consists in providing a power supply an
tuning box for each source body CS1, CS2, CS3, and
but such a solution is expensive and the equipment
required is bulky. In addition, it then becomes
necessary to synchronize the various power supplies

The above-described embodiments of the invention a
selected for their concrete nature. Nevertheless,
not possible to identify exhaustively all embodimen
covered by the invention. In particular, any means
described may be replaced by equivalent means witho
going beyond the ambit of the present invention.
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CLAIMS

1. An ion implanter comprising an enclosure (ENV) h
arranged therein a substrate carrier (PPS) connecte
substrate power supply (ALT) via a high voltage
electrical passage (PET), the enclosure (ENV) being
provided with pump means (PP, PS), said enclosure (
also having at least two cylindrical source bodies
CS2, CS3, CS4) free from any obstacle and arranged
said substrate carrier (PPS); the ion implanter bei
characterized in that it includes at least one
confinement coil (BCI1-BCS1, BCI2-BCS2) per source
(CS1, CS2,CS3, CSs4).

2. An ion implanter according to claim 1, character
in that each of said source bodies (CS1, CS2, CS3,
is provided with an external radiofrequency antenna
(ANT1, ANT2, ANT3, ANT4).

3. An ion implanter according to claim 1 or claim 2
characterized in that it includes a common radiofre
generator (RF) for all of said antennas (ANT1, ANT2
ANT3, ANT4).

4. An ion implanter according to claim 3, character

in that it includes a single tuning box (BA) arrang
between said radiofrequency generator (RF) and said
antennas (ANT1, ANT2, ANT3, ANT4).

5. An ion implanter according to claim 3, character
in that it includes, downstream from said radiofreq
generator (RF), a tuning box (BA) followed by a sep
(SEP).

6. An ion implanter according to clam 3, characteri
that it includes, downstream from said radiofrequen
generator (RF), a separator (SEP) followed by a num
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tuning boxes (BA1, BA2, BA3, BA4) identical to the number
of source bodies (CS1, CS2, CS3, CS4).



