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A CONTROL MODULE FOR AN ION IMPLANTER

The present invention relates to a control module
for an ion implanter.

The field of the invention is that of ion implanters
operating in plasma immersion mode. Thus, implanting
ions in a substrate consists in immersing the substrate
in a plasma and in biasing it with a negative voltage of
a few tens of volts to a few tens of kilovolts (generally
less than 100 kV), so as to create an electric field
capable of accelerating the ions of the plasma towards
the substrate so that they become implanted therein. The
atoms implanted in this way are referred to as "dopants".

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

One of the essential parameters when performing
implantation is the dose of dopant that is implanted.
This dose needs to be known accurately. It is generally
estimated by means of the power supply current delivered
by the bias generator.

Consideration is given below to the situation in
which the bias to the substrate is pulsed.

With reference to Figure 1, document WO01/15200
proposes biasing the substrate by means of a power supply
that comprises:

a generator GEN having its positive pole connected
to ground;

a first switch IT1 having its first pole connected
to the negative pole of the generator GEN and having its
second pole connected to the output terminal O of the
power supply; and
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+ a second switch IT2 having its first pole
connected to the output terminal O and having its second
pole connected to ground.

When the first switch IT1 is open and the second
switch IT2 is closed, a displacement current is produced
that is due to the equivalent capacitance of the
implanter.

This equivalent capacitance is the sum of all the
stray capacitances of the machine:

© the capacitance of the cables;

* the capacitance between parts that are biased and
parts that are grounded, in particular the capacitance
between the substrate carrier platen and the implantation
chamber;

* the capacitance of the isolating transformers; and

the capacitance of the plasma sheath.

It is found that the displacement current is current
that is of no use for implantation but that is
nevertheless drawn from the power supply current.

When estimating the implanted dose, it is therefore
appropriate to take account of this displacement current
in order to subtract it from the power supply current.

Thus, document US 6 433 553 proposes arranging a
measurement capacitance Cm in parallel with the substrate
carrier.

This measurement capacitance Cm ought to be equal to
the equivalent capacitance of the implanter, however it
is practically impossible to determine that equivalent
capacitance.

Furthermore, the displacement current Id is the
derivative of the charge Q with respect to time:

Id = dQ/dt

The charge Q is the product of the voltage V

multiplied by the measurement capacitance:
Q = Cm.V

Thus:

Id = Cm.dV/dt + V.dCm/dt
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Thus, an object of the prezent invention is to

determine the displacement current more accurately.

The inventicon providss a contrel module for an ion
implanter having a power supply, the power supply
comprising:

an els=ctricity gen tor having its positi

connscted to ground;

the negative pole of the
o

pole conmected to the cublet terminal of

supply: and
a second awitch having
the outl
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In a first embodiment,

coll surround

In &
clronit
I

diment, the current measurement
surement resistor connectead

pola of the

shwaen the awitch and the




[N

L}

|

[

LK)

L]

4
]

iad
iy

zouzsly, the control wmodule further includes

ﬁ o

ﬁapaaitmr arrang

=n the negative pols

erator and ground.

|
W
8
S
'T‘
i=h
e
[

control module includes

2 implantation currant

it further includes
implantation our
supply current and the
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represent only the implanted ion current.
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the disturbance current from the powsr supply currseni.
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carrier platen, thes cutlet terminal of the powsr supply

ted Lo the substrate carrier platen.
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detall in the context of the following description of an
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Figure 2

control module;
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coating of silicon
or of silicon carbids.
B substrate carrier platen

ntal plane that is




10

N2
X

"
o

Lok
]

implantation.

closurse ENY

portion of the

3, that iz cylindrical and on the vertical
ig made of guartz. 1t is surio

o o

onfinement GC1 and B

al radic-fre antenna ANT .,

gas is coaxial

e

vertical axis A¥P of the source body C2.  This
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The contrel module MP of the implanter esszentlally
comprizes four elements:

1

Al

high voltage

i

actrical power supply BE;

g

digplacement current messuring cliroulit AME;

©a member CUR for estimsting power supply current;
and
reult CO.
to Figure 3, the powsr supply P8
comprise

ge generator HT having ite positive

pole
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capacitor Cr connected in

The output terminal £ is connected to the substrate
=

carrier platen PP2E of the implanter.
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The member CUR for estimat
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zation terminal may be
ground., It may also be connected o the positive pole of
a woltage source having its negative pole connected fto
tage is selected to be
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A current measuring clrcuit AMP measures the

nent current flowing betwsen the szscond pole of

1l switech 5W2 and the neutralization term

In a first embodiment, this current msasu
cirenit is a coil surrounding the cable
displacemsnt current. That provides a measurement of

r
ntanesus current, and it happens that this current

variss extremely guickly In order to avold having
recourse to fast messurement
Lo measure the mean valus of
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eturning ko Figure 2, ths trol modules MP thus

includesz the control circuit the power

supply current delivered by eztimating

current and that went current
as supplied by the measuremsent cirouit AMP. It takes the
difference between these two currents in order to

caleulate the implantation current, which is a much
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r representation of the implanted dose than is the

J}

power supply oUrrent.

The measursment of the dose ig refined as follows.
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current delivered by the secondary elegtron detector DES
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CLAIMS
1. A control module for an ion implanter having a power
supply, the power supply comprising:

an electricity generator having its positive pole
connected to ground;

a first switch having its first pole connected to
the negative pole of said generator and having its second
pole connected to the outlet terminal of the power supply;
and

a second switch having its first pole connected to
said outlet terminal and having its second pole connected to
a neutralization terminal;

wherein the control module further comprises a current

measurement circuit for measuring the displacement current
that flows between the second pole of said second switch and

said neutralization terminal.

2. A control module according to claim 1, wherein said

neutralization terminal is connected to ground.

3. A control module according to claim 1, wherein said
neutralization terminal is connected to the positive pole of
a voltage source having its negative pole connected to

ground.

4. A control module according to any preceding claim,
wherein said current measurement circuit is a coil
surrounding the cable connecting the second pole of said

second switch to said neutralization terminal.

5. A control module according to any one of claims 1 to 3,
wherein said current measurement circuit comprises a
measurement resistor connected between the second pole of

the second switch
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and said neutralization pole, an integration capacitor in
parallel with said measurement resistor, and a voltage
measuring circuit likewise in parallel with the measurement

resistor.

6. A control module according to any preceding claim,
further comprising a regulation capacitor arranged between

the negative pole of said generator and ground.

7. A control module according to any preceding claim,
further comprising a member for estimating the power supply
current delivered by said generator and it further includes
a control circuit for estimating the implantation current by
differentiating said power supply current and said

displacement current.

8. A control module according to any one of claims 1 to o,
further comprising a member for estimating the implantation
current delivered by said generator and receiving a
disturbance current delivered by a secondary electron
detector, and it further includes a control circuit for
estimating the ion current by subtracting said displacement
current and said disturbance current from said power supply

current.

9. A control module according to claim 8, wherein said
control circuit also receives the proportion of a
predetermined ion species as determined by a spectrometer,
and said control circuit allocates said proportion to said

ion current in order to estimate the implanted dose.

10. An ion implanter provided with a control module

according to any preceding claim and
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