1 J UN 4 PONER SUPPLY HARDENI NG FOR | ON BEAM SYSTEMS Fi el d of the Invention
The present invention generally relates to ion beam systens, and in
particular to a systemand nmethod for providing inproved i

performance by mtigating power supply overload conditi onsﬁgmmﬁof
the Invention lon inplantation is an in“plortant aspect of very large scale
Integration (VLSI) fabrication. lon inplantation is a process in which
energi zed, charged atons or nolecules are directly introduced into a

sem conductor substrate. In VLS|l fabrication, ion inplantation is
primarily enpl oyegOWERISUBPRAHARIENINGOFOICIGN'BRARL SYstEhMson waf ers.

An objective of the ion inplantation process is to introduce a desired
atom c species into a target material. In order to neet this objective
effectively, several aspects of Field ofthe Invgitiomt at i on process need to be
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predeterm ned areas of the substrate. Wien required, it should be possible
to el ect risspply pverhendiopadisiossibst antially all inplanted inpurities, and as
much as possible, the silicon lattice structure should remai n unchanged by
t he dopant incorporation process. Thus, ion inplantation systens are
needed that can accurately i nBaaRéronnd ¢T9hé Ifenguant ity and | ocation of
the inplant species being inplenmented. Conventional ion inplantation
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: target material. In order to meet this objective effectively, several aspects of the ion

implantation process need to be controlled. First, the implant species should be
implemented in the exact quantity specified. Additionally, the implanted species should
be located at desired depths below the substrate surface and should be limited to only
predetermined areas of the substrate. When required, it should be possible to electrically
activate substantially all implanted impurities, and as much as possible, the silicon lattice
structure should remain unchanged by the dopant incorporation process. Thus, ion
implantation systems are needed that can accurately implant and monitor quantity and
location of the implant species being implemented.

Conventional ion implantation systems include an ion source that ionizes a desired
dopant element which is then accelerated to form an ion beam of prescribed energy. This
beam is directed to the surface of a workpiece. Generally, the energetic ions of the ion
beam penetrate into the bulk of the workpiece and are embedded into the crystalline lattice
of the material to form a region of desired conductivity. The ion implantation process is
generally performed in a high vacuum, gas-tight process chamber which encases a wafer
handling assembly and the ion source.

A typical ion beam path in prior art implantation systems includes an ion source,



A typical ion beampath in prior art inplantation systens,includes an ion
source, 18 JUN 2004 2 el ectrodes, an anal yzi ng magnet arr*r&e}@h{ iﬂah
optical resolving elenent, and a wafer processing system The el ectrodes
extract and accelerate ions generated in the ion source to produce a beam
directed toward the anal yzi ng magnet arrangenent. The anal yzi ng nagnet
arrangenent sorts the ions in the ion beamaccording to their
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particl es that iopy ove dasctedfposird theovorkpieed.r odes and/ or i nsul ators. These
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condi t i onsprocess deposits on electrodes and/or insulators. These discharges contribute to varying of
electrode voltages, thereby affecting optics of the implantation system with potential loss
of the ion beam. Consequently, the variation of electrode voltage may cause overloading
and/or voltage collapse of power supply circuitry. Valuable ion beam implantation time
may be lost during periods when power supplies are in an overload and/or voltage collapse
condition. The duration of such periods is generally governed by the amount of time

required for the power supplies to recover from the overload and/or voltage collapse.

In view of the above problems associated with ion beam loss in conventional ion
implantation systems with regard to power supply overload from fransient discharges, it
would therefore be desirable to have a system and method which by mitigates such power

supply overload and/or voltage collapse conditions.

Summary of the Invention

The present invention provides a system and method for shortening ion beam loss



Sunparty of the Invention The present invention provides a system and method
fof shortening ion beam | oss 18 June 2004 3 tines by hardeni 1§ Juoee004
supplies in ion inplantation systens. Hardening is effectively

acconpl i shed by insulating the power supplies from el ectrode di scharges
associated therewth. As el ectrodes discharge during an inplantation
process, vacuum di scharges associated therewith are quenched, and | oss of
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di scharge conditions, discharges are substantially only fed by stray
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and a second el ectrode; a first power supply and second power supply
oper abl y dégpies tB hasebsenrahserygd thelcipmgbeane dosseyianay last for several tens of

milliseconds while power supplies recover from an overload condition. By isolating the
power supplies, the present invention enables power supply current and voltage to remain
at acceptable levels even during a discharge situation. Since the power supplies are
isolated during transient discharge conditions, discharges are substantially only fed by
stray capacitance associated with the electrodes during a few microseconds, and thus
substantially quenched by lack of sufficient power from the isolated power supplies.
According to one aspect of the present invention, an ion implantation system is
provided. The system comprises a first electrode and a second electrode; a first power
supply and second power supply operably coupled to the first and second electrodes,
respectively; a capacitor coupled between the first and second electrodes for mitigating
overloading of the first and second power supplies; and a switching system operatively
coupled between the first and second power supplies and the respective electrodes. The
switching system is operable to decouple the power supplies from the respective
electrodes at a predetermined threshold to mitigate overload of the power supplies.
According to another aspect of the present invention, an ion implantation system
is provided. The system comprises an ion source for providing ions to form an ion beam,

a first electrode and second electrode, a first power supply and second power supply



respectively; a capacitor coupled between the first and second el ectrodes
fof mtigating overloading of the first and second power suBplune200ahd a
switching systemoperatively coupled between the first and second power
supplies and the respective el ectrodes. 4The swi tching systemis operable
to decoupl e e poywer supplies fromthe respective, electrodes at a
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el ectrode. To the acconplishnent ‘of  the foregoing and rel ated ends, the
invention, then, conprises the features hereinafter fully described. The

foll ow ng descrd ption and.the —annexed dr.awi ngs t, forth in detail, certain
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principles of the invention nay_ be enployed. OQher objects, advantages and
novel annexed drawings set forth in" detail certain “illustrative embodiments of the invention.
These embodiments are indicative, however, of but a few of the various ways in which
the principles of the invention may be employed. Other objects, advantages and novel
features of the invention will become apparent from the following detailed description of

the invention when considered in conjunction with the drawings.

Brief Description of the Drawings

Figure 1 is a diagram of an ion implantation system in accordance with the present



features of the invention will becone apparent fromthe follow ng detail ed
description of the invention when considered in conjunction with the

drawi ngs. Brief Description of the Drawings Figure 1 is a HifagHdhN 2804n ion
I npl antation systemin accordance with the present 18 JUN 2004 5 invention.
Figure 2 is a block diagramof a transieht isolation systemin accordance
with the present invention. Figure 3 is a detailed schematic bl ock di agram
of a transient.isolation systemin connection with an ion source in

accor dance™f9% he present invention. Figure 4a is a schematic di agram of
a passive circ ard ; : :
accordance w t ?%ﬁ&ﬁgﬁ%@iﬁ%vent {O(f)%.&a%iﬁgﬁﬂrlg&?l%oq gﬁge?% ?:rﬁgcnc%%{(;isa%ggwggrtg% of
a passi ve meseabiinventeql.enent ati on of a transient isolation systemfor

i nter-el ectrode.di scharges, i.n.accordance w.th the.present .invention. .
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transi ent donftaionomitisyBicARblRe ACLROARASEWH ik SrBR NP/, | Nvention. Figure
5b is a transient voltage diagram after inplenentation of a passive
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Fi gure 6a i i i.agram of . .an _active circuit inplenentation
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of a transie ation systemin M th the present invention.

Fi gures 6b is aFigateaitl ied sshdigathtdigorimasie phsd9s aifudf inddlera&ithtish 6 4 Gatistent
i mpl enentation of a transient isolation systemin accordance with the
present i nYAEPLRYstenrfoy ipter-glesteodg dischaess ngicaprdanceavigths paesenigyvensionpower
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isolation system in accordance with the present invention.
Figure 6a is a schematic block diagram of an active circuit implementation of a
transient isolation system in accordance with the present invention.
Figures 6b is a detailed schematic block diagram of an active circuit
implementation of a transjent isolation system in accordance with the present invention.
Figure 7 is a flow diagram of a methodology for power supply hardening in

accordance with the present invention.

Detailed Description of the Invention

The present invention will now be described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout.

The present invention relates to a system and method for substantially improving
ion beam performance in an ion implantation system. In particular, ion beam performance
is improved by mitigating power supply overload conditions during transient discharges
from ion accelerating electrodes. By mitigating overload conditions, ion beam loss during

the implantation process is substantially reduced.



i on beam performance in an ion inplantation system In particular, ion beam
performance is inproved by nmitigating power supply over ﬂogqjtmcﬂ[}[]lpns
during transient discharges fromion accelerating electrodes. By
mtigating overl oad conditions, ion beamloss during the inplantation
process is substantially reduced. 18 Ju¥ 2004 6 Referri ng initially to Fig.
1, an ion beaminplantation system 10 is shown in accordance wth the
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by arrow 13, into a substantia m 27
and the pa¥ehndcifoiireshafsl2? areqoevided ko PR)sferdhe parel @dfrorashé badleek kssembiyn i n
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of the ion source 18 are shown in nore detail in "accordance with the
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well known in the art, in a scanning direction, from left to right in the ilustrated

embodiment, across the path of an ion beam emerging from aperture 20, and which is
generated by the ion source 18.

Now referring to Fig. 2, portions of the ion source 18 are shown in more detail in
accordance with the present invention. The ion source 18 includes accelerating electrodes
62 and power supplies 64 for directing an ion beam 68. Also, the transient isolation
system 30 1s included for providing insulation between the electrodes 62 and power
supplies 64 during transient discharge conditions.

In order to direct the ion beam 68, generally, the power supplies 64 provide
electrodes 62 with voltages to produce ion acceleration energies necessary for ion
implantation. As will be described in more detail below, the electrodes 62 may include a
plasma electrode for directing ions from an ion chamber (not shown), and an extraction, a
suppression, and a ground electrode for accelerating the ejected ions. The power supplies

64 provide bias voltages for the electrodes 62. For example, the ground electrode is



supplies 64 during transient discharge conditions. In order to direct the

I on beam 68, generally, the power supplies 64 provide electrodes 62 with
vol tages to produce ion accel eration energi es necessary ﬂoﬁ‘ﬂU¢J 4

i mplantation. As will be described in nore detail below, the electrodes 62
may include a plasma electrode for direéting ions froman ion chanber (not
shown), and an extraction, suppression, and a ground el ectrode for
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supplies 64 during transient discharge (e.g., arcing) conditions. Although the TIS 30 is
shown as a separate system in the preferred embodiment, it is to be appreciated that the
TIS 30 may be included within the power supplies 64 and/or provided with the electrodes
62.

It has been found that discharges are likely initiated on an electrode 62 and
eventually develop into an arc. The arc may short circuit the electrodes 62 so that stray
capacitance between the electrodes 62 and ground is discharged through the arc, causing
voltage collapse of the electrodes 62 and associated power supply 64. The arc generally
causes a short-time period, high current surge from the power supply 64 lasting about 0.5
to 1 microseconds. Without the TIS 30, the current surge may cause the power supply 64
to collapse for several milliseconds because of an over-current/under-voltage shut down
condition. With the TIS 30 in place, the power supply 64 is isolated via transient blocking
circuits 30a, 30b, and 360 (Figs. 4a, 4b, and 6b) within the TIS 30. The transient blocking

circuits 30a, 30b, and 360 may include passive and/or active circuits. When the transients

are blocked, the discharge is limited to the stray capacitance discharge of the electrodes
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and associ ated power supply 64. The arc generally causes a short-tine

period, high current surge fromthe powerd supply 64 |asting about 0.5 to 1
m croseconds. Wthout the TIS 30, the current surge may cause the power

supply 64 o.collapse for several mlliseconds because of an
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stray capacitance discharges of the electrodeS 62. This represents about a
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particular,jofl G 3 depicts an ion source 18 with a plurality of TIS

systensl| 08a-108d for insulating a plurality of power supplies 102, 104 and
106 from a pl ur & iop gamber 82rip ghawnfor gentam@igan @lasmaos4, andi amigmitanB6 fos2

is shown f e el p . 84 L g 86.for exciting the
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extracti on;elehhd Qd8a96: elRchdRPILSHI g@ﬂi&?@fe@ﬁ]&ieg%, a %r%Fﬁﬁ%%ode 98,

el ectrode 100 are shown. The i1gnitor IS representati el ectron
sour ces --or-apd agnanidrelacirado i 80 swelshownown in the art, and the power out put
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di rects then the art, and the power output by the ignitor 86 is selectable. In particular, a controller
262 is coupled with the ignitor 86 by a power signal 114. The controller 262 directs the
power output by the ignitor via a power signal 114, and the valve 90 govems the
introduction of ionizable matter into the ion chamber 82. The controller 262 is coupled
with and directs the valve 90 by flow signal 116. Thus, the controller directs the rate of
flow of ionizable matter into the ion chamber by controlling the valve 90.

The controller 262 exercises control over the electrodes 94, 96, 98 and 100 via
voltage control signals 118, 120 and 122. In particular, the plasma 84 exits the ion
chamber 82 through a plasma electrode 94. An ion stream 68 is then directed and
accelerated by an ion beam assembly 95 that includes the extraction electrode 96, the
suppression electrode 98 and the ground electrode 100. The three variable voltage
supplies 102, 104 and 106 regulate voltages between the electrodes 94, 96, 98 and 100.
For instance, voltage supply 102 biases the voltage between the plasma electrode 94 and
the extraction electrode 96, voltage supply 104 biases the voltage between the extraction
electrode 96 and the suppression electrode 98, and voltage supply 106 biases the voltage



power output by the ignitor via a power signal 114, and the I
governs the introduction of ionizable matter into the ion Jvangaﬁ%oﬁrhe

controller 262 is coupled wth and directs the valve 90 by flow signal
116. Thus, the controller directs the rate of flow of ionizable matter
into the ion chanmber by controlling the alve 90. The controller 262
exerci ses control over the el ectrodes 94, 96, 98 and 100 via voltage
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associ at-ecsysieashar ges that may occur between the el ectrodes (inter-
el ectrode di sc%ﬁ and/ or. between the el ectrodes and the s%(?tem gr ound
(not shown) . & TP rritgglodiigsta f SchemgtiG diggieol ene Patisd permbedimenteotyy
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| osses typically associated wth prior art w referring
4a, a scheandudter Hlagbsantofilyonsulgas thequoiveer seplip 64 feemit disthaged sngingndt the

|solat|on in.a rdance ththe resent.invention is shown. A

series 3%/%[(@? @Ogy fdgﬂﬁ ghaﬁl IS‘§PH Yipltage and mroviding: 2 bﬁﬁ@ﬂ atly gqustent

di schar geirr@ﬁﬁéifc&'d%ﬁngta fabt€shunt (e.g., short circuit caused by an arc) of the electrode 62.
The arc is then substantially extinguished by the collapse of the electrode voltage, while

the supply voltage does not collapse, such that the period of beam loss is limited to
approximately the RL time constant of the electrode 62 and inductor 300 circuit. As
shown, the electrode 62 circuit includes a non-linear electrode resistance 310 and a stray
capacitance 312. The series inductor 300 may range from a few microhenries to several
dozen millihenries depending on the voltage levels of the power supply 64 and electrode
circuit component values. It is to be appreciated that a substantially wide range of
inductor values may be employed to carry out the present invention.

Preferably, a paralle] filter capacitor 314, coupled to the series inductor 300, may
also be included in the TIS 30a. The capacitor 314 facilitates conditioning of the electrode
62 and operates as a 2™ order low pass filter with the inductor 300. As described above
with regards to the series inductor 300, a substantial range of capacitance values may be
employed to carry out the present invention. The capacitance values may range from a

few picofarads to several dozen microfarads.



el ectrode 62 by uphol ding the supply voltage and provi di nﬂ gijal ly
constant inpedance during a fast shunt (e.g., short circdi an

arc) of the electrode 62. The arc is then substantially extinguished by
the coll apse of the electrode voltage, while the supply voltage does not
col | apse, such that the period of beam|1d8s is linmited to approximtely
the RL tinme constant of the electrode 62 and inductor 300 circuit. As
shown, the electrode 62 circuit includes a _non-linear electrode resistance
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may be enpl oyed to carry out the present invention. Preferably, a parallel
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to several _Jozen m crofar .18 JUN 2004 10 For, K exanple, assum ng a power
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“that the straé, capi)ci tance 310 val ue may be about 600 pF with a chargi ng
i npedance &TMERRREPelgy the overlpadipting ot Hisnpwey supnin §4 (4. 5w30% avedpasiatingh

charge on i SHbAY b i g [ CTRRO e G eCHichig
el ectrode 62 (20A ;rz~ gpkvﬁ%%iv %5& I}V&eﬁgg&tg%g%ge]?‘g% et@%&%%ﬁ%‘f&?%@e 54
~i C) may beoyensnpglcbdfrompbrctwidet? ehysientdna§ betabhitvdd er capacitor 314 if
the voltage on _the .filter capacifor ig to be I ntai ned at_ about 1% of 90
kV (0.06 VLF; ~- 3%1“5%: % 46 ki x‘*bwal’@a}?f)l?afwﬂ% ERBodmsRE fF Raves | supalt
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bel ow the overload rating of the power supply 64 (e.g., 3 0% overloa
rating) initiated between electrodes. When electrodes are short circuited together, ion beam loss
may also ensue, and the suppression voltage supply may also collapse. The circuit
depicted in Fig. 4b provides power supply insulation from overload conditions when
electrodes arc to each other.
A first electrode circuit 326a and a second electrode circuit 326b as depicted in
Fig. 4a are shown coupled together via a capacitor 330 in Fig. 4b. By providing capacitive
coupling between the electrode circuits 326a and 326b, individual electrode DC voltage
control may be maintained because of the DC blocking characteristics of the capacitor
330. However, when short circuiting between electrodes 62a and 62b occur because of
transient discharges between the electrodes, the discharge energy is supplied by the
capacitor 330 rather than the power supplies 64a or 64b. A wide range of capacitance
values may be chosen for the capacitor 330 depending on given circuit parameters. A 50
nF value may be sufficiently adequate in many applications. Additionally, the power
supplies 64a and 64b are individually protected by the TIS 30b.

Referring now to Figs. 5a and 5b, transient discharges (glitches) are depicted both



with a power supply voltage variation of about 0.4% Thus, f, '
I nsul ation of the power supply 64 from el ectrode 62 trans-‘af‘gﬁmgﬂgé

achieved. Referring now to Fig. 4b, another particular enbodi ment for power
supply hardening is shown. It has been found t hat el ectrode breakdowns
(coll apses) are often initiated bet weehlel ect rodes. When el ectrodes are
short circuited together, ion beamloss my also ensue and the
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62b occur because transi ent di scharges between the el ectrodes
di schar ge Haetipn plectsedspslitelesby At papaciieipat pbart IBOFrigt dveployddate Wnpl‘pcﬁh@r

supplies %%P%gggﬁlgmst#@e?ﬁﬁ&%ﬁbgé ]gq’@am tance values may be chosen for

t he capaci on gi'ven circuit paraneters. A 50 nF value may

be sufficientl yrtadp@uﬂteamrcmtmm@a@lab@a& o $he EMIB’DI saadfkactivé Her RONMIBEN
supplies 64a, and 64b are .indjvidually protected the TIS 30b. Referring

now to Fi glischarge gnersygnd fhusqlor particias ¥piaes &ansey| A%/E%éyglhﬁ‘@taﬂ@ia 3%V bot h
18 JUN 20Q4, hqjx%(ﬁlﬂfe@né?@gnatfzé ﬂteﬁﬂ? 1Jd|§to%%0( eﬁlﬁgmaféé el *Tﬂe AR vbiime.

installed. In Fig. 5a, a vo rat or pai suppr essi on

el ectr odes‘l‘lwtefamoan attivg cipatit mlayéiaomnpleym ys andiRerspariinds embodifnerninfor Ithe Fi g.
5b, a glit 5 rate of about 1 glitch in about every 50-100 seconds is
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voltage collapse, and maintain a substantially controlled electrode voltage to enable
extinction of the discharge. The active circuit 350 operates on a wide voltage range and
achieves good insulation performance.

Insulation of the power supply 64 from the electrode 62 may be accomplished by
substantially eliminating the transient variation of the power supply load. A current-
controlled and/or voltage-controlied switch 352 may be opened during a transient
electrode collapse, thereby inserting a load 354 (e.g., resistor) matched to the nominal
power supply operating impedance. The load 354 is shunted by the switch 352 during
steady-state conditions, and inserted by opening the switch 352 during transient
conditions. Generally, the switch 352 should provide a sub-microsecond switching time,
10-90 kV stand-off capability (depending on the electrode), tens of mA average and tens
of amps pulsed current transfer capability, and preferably, a low forward voltage drop.

Now referring to Fig. 6b, one particular embodiment of an active circuit 360 of the

TIS 30 is shown. The circuit 360 includes a triode switch 362 (e.g., Eimac Y-810 planar

triode) for insulating the power supply 64 during transient discharge conditions. It is to be



di scharge energy and thus, for particular voltage ranges. v '
vol tages, (>90 kV), the flux requirenent on the filteri ngqltﬁd‘gmm@t)

demands a large ferrite core volunme. Therefore, an active circuit nay be
enpl oyed as another particular enbodinment for the TIS30. Turning now to
Fig. 6a, a block diagramillustrating art2active circuit 350 i npl ement ati on
of the TIS 30 is showm. The circuit 350 fulfills the sanme tasks as the
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active circuit 350 operates on a wide voltage range and | eves
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col | apse, thereby inserting a |oad 354 (e.g., resi stotg‘)b mat ched to the

noni nal  FOREHICBELPRSFAtBlE dgn implntior systew 1badhesdes3tohismreddey ta he
switch 35 [ : t.atq8.; |t d inserted by opening the
swi t ch 35%S %ei%SI?%%%W?gﬁ?@’rﬁ%@%&m%‘%@%ﬁ@m ly, the switch 352 shoul d

% ovi dg a sub- rmcsmml edond J@Mtdﬂs)gcagﬁdme,senwr&ﬁht&vgss d@@r@&i?ecﬁ%@&k&eh:éyd
ependi ng gn t el ectrode),. tens of mA average and tens, of anps pul se
current t rcélﬁ?ldg B%%%Bgﬁ'iel Sl""‘i‘??‘ 331;4 ang%ﬁéeﬁ%qky@-a SWreRrigss i ths|cpthgde gﬁﬁp.
Now r ef er rdifedi ' ; i ' t ' |t
360 of the Tl GesEor i AP AL AR dithtecSTRP FILTES b Bhe AR bR
(e.qg., Ei rodtage 10y phagdd bias sippde 64 for thevgid 262 g threcyprenetissubpleya 6ebel

during tr fent .disch e conditions.. ]t s to be. 18 JUN 2004 12 |

appr eci at Z"g‘gﬁ%ﬂmﬁ‘%ﬁig% 3&(958‘%88%\)3\‘3?3&1’%‘6{? nﬂﬁ Blcé)e éWHfl’}bfééJ ‘tgooﬂ?éF‘%)}mHhtth@E he
present ittweidhi QirenF@illsehodsw i 16l thed@srealhe dathodd 348% vb/ﬁ@é%léw the
thyristors and power transistors may also be enployed. A grid bias power

suppl y 364£tds 36&upl Sthenothg gwiteh FK2a sy iopeneddi pdead3@daicting sysfeth IDate.suppl y
?ggni_ tsr Zﬁgapé%xﬁn%ﬁgfyt 266 1\'%182 rrleos%s orS f}g ps.‘rg\éfiagit(a:ci1 b%ggee%nth%ulgci)vg& Ql?p&)ﬁfm@l and the
electrode 62. Thus, effective insulation of the power supply 64 is achieved from transient
electrode discharges by inserting a load matching system 370 which substantially
eliminates transients variations of the power supply load. The switch 362 is substantially
transparent during normal (non-discharge) operations and provides a substantially similar
power supply load during transient conditions.
Now referring to Fig. 7, a methodology for providing power supply hardening in
an ion implantation system 10 in accordance with the present invention is shown. At step
400, electrode power supplies 64 are powered and maintained at voltage levels
corresponding to the electrodes 62 of the system 10 (e.g., extraction electrode maintained
at 90 kV). Proceeding to step 410, power supply current and/or voltage is monitored. The
power supply current and/or voltage may be monitored by a current/voltage sense resistor,
a Hall sensor, a magnetic sensor, or any suitable current/voltage sensing system.
Proceeding to step 420, a determination is made as to whether steady-state current/voltage

has risen above a predetermined level.

If the current/voltage level is below the predetermined threshold (e.g., 5% above



conditions) operation of the ion inplantation system 10. TheadiQde 366 is
provided to isolate transients fromthe grid bias power su

small (e.g., 1250 ohns) cathode sense resistor 368 is provided between a
cat hode 362b of the switch 362 and an el ectrode 62. As current rises in the
cathode 362b circuit because of transi ddt el ectrode di scharges, the

vol tage on the cathode approaches the voltage set by the grid bias supply
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Proceeding to step 410, r supply current a or vo e’l's noni
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t he components or methodologies for purposes of describing the present invention, but one of
ordinary skill in the art will recognize that many further combinations and permutations of
the present invention are possible. Accordingly, the present invention is intended to
embrace all such alterations, modifications and variations that fall within the spirit and

scope of the appended claims.



predeterm ned threshold at step 420, the process proceeds to step 430. At
step 430, the power supplies 64 are disconnected fromthe elsiuned®®0during
transi ent discharge conditions. The power supplies may be di sconnected via
active and/or passive circuits as desct4 bed above. Proceeding to step 440,
t he proceszi.@éts a load matching systemwhich is matched to the

st eady- st of the power supplies. The |oad matching system

i nsul ates it he poywh n%}%; t discharges by substantially
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conpri si ngupplieki rst el ectrode and a second el ectrode; a first power suppl y
and a second power supply operably coupled to the first and second
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3. An ion implantation system, comprising:

an ion source for providing ions to form an ion beam;

a first electrode and a second electrode;

a first power supply and a second power supply operably coupled to the first and
second power electrodes, respectively, said first and second power supplies operable to
provide voltage to the first and second electrodes, respectively for directing the ion beam
to a workpiece;

a transient isolation system for providing a substantially uninterrupted ion beam to
the workpiece, the transient isolation system insulating the power supplies from
discharges by respective electrodes; and

a capacitor coupling the first electrode with the second electrode to mitigate

overloading of the first and second power supplies.

4, The ion implantation system of claim 3, wherein the transient isolation system
further including a passive circuit for insulating the power supplies from discharges by

the respective electrodes.



the respective electrodes at a predeterm ned threshold to mtigate overl oad
of the power supplies. 2. The ion inplantation system of cli8 Junk,20004r ei n
the switching systemfurther includes a passive circuit for decoupling the
power supplies fromthe respective elel@rodes. 3. An ion inplantation
system caqnprising; an ion source for_ providing ions to forman igon beam

a first e%ect rcsallé'é ioR gioaplantatinny syten  ofo glaim .1 Wwherein, e Passiyspijcudin firthes ec ond
pover sSuppdudRehiffldvciopur! ed to the first and second power el ectrodes,
respectively, said first and second power supplies operable to provide
voltage to the first and second el ectrodes, respectively for directing the
i on beam

to a r.kplL ece; transi ent i.solati_on,system for. provi.di.ng a
substant | &1 1y dRFAPRIRRENERoR SHHR AN 4 b SnOPRIGHLIE PASHEE CREHG FaeT
i sol ati oniﬁyﬁiﬁghb?}ﬁ@{t@gi ng the power supplies from discharges by
respective el ectrodes; and a capacitor coupling the first electrode with

the second electrode to mtigate overloading of the first and second power

supplies. -4. The ion inplantation system | ai.m wher ei.n .t he transient
i sol at i on7’syst eﬁ%‘é O ”ﬁg?‘&?‘h% f?’c??eﬁlb%i C%&’é‘g’\}@’eé?lflég‘? fra?%?n%ilﬁ%lﬁtlmd‘[ PR he
power supphries ifidleding iaf GRAYE efclly fortilaulathE®s thower elfifiies TRS distBards By 20004
15 5. The ion inplantatjon systemof claim4, wherein the passive circuit
further thecesRECHYe elactradesict or. 6. The ion inplantati on system of claim 4
or 5, wherein the passive circuit further including a capacitor. 7. The
ion inmplantation systemof claim3, wherein the transient isolation system
further i 8cl udiThg jiem implantaton isystemtoffdaim Nswhertine tadtv oivait Hiehmlingesn f rom
di scharges b t.h%frespecti ye el ect eresli ) . .

active switch for temporarily disconnecting the power supplies from transient discharges

by the respective electrodes.

9. The ion implantation system of claim 7 or 8, wherein the active switch comprises
at least one of: a triode, a pentode, a tetrode, a MOSFET, a thyristor, and a power

transistor.

10.  The ion implantation system of any one of claims 7 to 9, wherein the active circuit
includes a load matching system for mitigating load variations of the power supplies from

transient discharges by the respective electrodes.

11.  The ion implantation system of claim 10, wherein the load matching system

includes at least one of: a resistor, an impedance network, and an active network.

12. The ion implantation system of any one of claims 7 to 11, wherein the active

circuit including a sensor for activating the active switch.

13. The ion implantation system of claim 12, wherein the sensor including at least one

of: a resistor, a Hall sensor, and magnetic sensor.

14.  The ion implantation system of any one of claims 3 to 13, wherein the transient

isolation system being included within the power supplies.



8. The ion inplantation systemof claim?7, wherein the active circuit
including an active switch for tenporarily disconnecting th& hmee0004
supplies fromtransi ent discharges by the respective electrodes. 9. The
ion inmplantation systemof claim?7 or 816wherei n the active switch
conprises __at |east one 0 a triode, a pento a tetrode, a MJSFET,  a

thyri st or,1%and Geg8Rdmp ap}agﬁglsgﬁtgtp Of]?@y OpR e %ﬂnﬁsrngoa]fﬁt Aheggin dhastransiant any
one of cl %d’f&n&gyee&bexmheruaeamhwéw&m%gCu't includes a |oad matching
systemfor mtigating | oad variations of e power supplies from transient
di schar ges by the respective el ectrodes. 11 The ion inplantation system of

cl aim 10, ere oad matc stem includes at | east one.of. a
resi stor, r‘é)@(?ﬁf??é\]o’h%‘fv\‘fﬁfrskp rl?grd%ﬁmgdxg i""{’iépnrférf gHion systery, compyising

i mpl ant at ltﬁ)élsté fem of any one of clainms 7 to 11, wherein the active
circuit including a sensor for activating the actlve switch. 13. The ion

i npl ant at i on syBenieriog aciharagtetistic finwy afileast ae pewsosupphcwhishmywers didest one
of : a resi Il sensor, and magnetic sensor. 14. The ion

i mpl ant at |°§%1%I56§t§€%ér:nlaof any one of clainms 3 to 13, wherein the transient

i sol ation syst ektebainig ifgsidwtadcetisiy :@beltbev@gwﬂéteﬁmedﬂeéshom%ﬂdme 20004 16
15. The ion inmplantation_ system of an%/ one of clains 3 to 13, wherein the

transi ent i solBertHr slpad axtobangsystent petween thetah lqap.teor@u@@{er gepply andstheat

met hod f of.RPWEL i sing
The ot eps SFr OB cRHBRY IR ERLAGIAE, Sankel i BRI b AT (e

whi ch powensilaingtieaasttleasboe mives tsugde frotethe mtlenstge iefecaade char acteristi c is
bel ow a predeterm ned threshold; and inserting a | oad matchi ng system
between the at | east one power supply and the at |east one electrode if

the charaqgter i StheGnithodbP¥RIrh 16, RhELsE eﬁancﬂegctetﬁgtes@%ﬁenttﬂ?&ﬁ%a{ { &'least

insulating the at |east one power supply fromthe at | east one el ectrode.
one power supply.

18.  The method of claiml6, wherein said characteristic is voltage from said at least

one power supply.



17. The nethod of claim 16, wherein said characteristic is current from

said at | east one power supply. 18. The nethod of claim 16, ah h ey jd
characteristic is voltage fromsaid at | east one power supJ 3%&@

SUPPLY HARDENI NG FOR | ON BEAM SYSTEMS Abstract An inproved ion

i npl antation systemis provided by the present invention. The system
includes at |east one power supply for pypviding voltage to at |east one

el ectrode and, a switching systemoperatively coupled between the at |east
one power supply and the at |east one electrode. The sw tching system

decoupl es the at | PRAVERISUPPIS HATEXIRCPOR'RR BEARS YSTEMS ect rode at

a predetermned threshold to mtigate overl oad e at [east one power
supply. Fig. 3
Abstract

An improved ion implantation system is provided by the present invention. The
system includes at least one power supply for providing voltage to at least one electrode
and, a switching system operatively coupled between the at least one power supply and the
at least one electrode. The switching system decouples the at least one power supply and
the at least one electrode at a predetermined threshold to mitigate overload of the at least

one power supply.

Fig. 3



