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AD BE UX DENSITY CONTROL

Field of the Invention _

The present Invention concerns an jon beam system for tteating a work-
piece, and more.particularly concerns an ion beam implantation system wherein
the ion beam is made up of multiple beam portions which cambine to create a
broad beam whose intensity distribution can be controlied by modulating the beam
portions.
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U.S. Patent 5,023,458 to Benveniste et al. concerns an ion beam control
system. The 458 patent discloses an jon implantation source that emits ions from
muitiple apertures to produce multiple beam portions which combine to form a
large diameter beam. One goal of the *458 patent is to generate an jon beam
approximately the size of a workpiece from multiple beam portions which can be
wrned on and off in a controlled fashion to control beam intensity. This was
accomplished by controlling beam neutrelization of the ion beam as a function of
position within the cross section of the beams, The disclosure of the '458 patent 10
Benveniste et al, is incorpurated herein by reference. .
In an ion beam implanter of the typs disclosed in the 458 Benveniste et al.
patent, neutralization of the beam is achieved by interaction between ions within
the beam and a residual gas along the beam transport line. Beam ions ionize the
residual gas and liberate elecirons having a low energy that arc captured within
the potential well of the beam. Slow residual gas ions are expelied from the
beam. The space charge of the beam is neutralized by the low-energy electrons
| and this enables the beém to be transported from a source to a workpiece without
' significant loss in beam definition. Since ion beam transpart is dependent upon
. the presence of low-energy neutralizing alectrons, it is important to assure elec-
| trons are not unintentionally extracted from the jon beam during beam transport.
Prior art jon beum sources have an extraction electrode for attracting
pasitively charged ions from an ion source. A suppression electrode biased at a
slight negative potential prevchts paSSagc of neutralizing electrons from the jon
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US. Patent 5,023,458 (=EP-A-444935) to Benveniste et al. concerns an ion
beam control system The '458 patent discloses an ion inplantation source
that emts ions fromnultiple apertures to produce multiple beam portions
whi ch conbine to forma | arge di aneter beam One goal of the '458 patent is
to generate an ion beam approximately the size of a workpiece frommnultiple
beam portions which can be turned on and ofZ in a controlled fashion to
control beamintensity. This was acconplished by controlling beam
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al. is incorporated herein by reference. n an 1 on beam I npl anter of
the type di sclestrectiomeletizode;SButdencatiadizitie dhe heampdesnuping dgamablowatp. on of
the beamis achieved by interaction between ions within the beamand a

resi dual gas along the beamtransport |ine. Beamions ionize the residual

. gas and |.i ber ZDicleshiretafehs ivantiog a | ow energy that are captured within the

potential well of the beam S|low residual K gas i,gns are expelled fromthe
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| region and form jon beam portions. The jon beam portions combine to form an

| ion beam having a beam cross section greater than that of the individual beam
portions,

Located in proximity to the multiple exit apertures are extraction electrodes
including a conduective extraction plate maintained at an electric potenﬁal that
attracts ions from the source. A beam intensity control includes multiple sixppres-
sion electrodes. The electric potential on the suppression electrodes is controlled
to allow selective backstreaming of electrons from beams portians exiting the
conductive extraction plate. By individually activating these electrodes in a
controlled fashion, the ion beamn intensity across the broad beam can be adjusted
and contralled to make the intensity more uniform or to imphsc controlled
intensity variations across the ion beam cross section. '

In accordance with an additional aspect of the invention, individual beam
scgments are separated from each other downstream from the suppression

electrodes to inhibit crosstalk between adjacent beam portions. This facet of the

invention inhibits beam denecutralization of one beam portion due to a net spuace
charge of an adjacent beam portion.

One object of the invention is selective control over jon beam intensity in a

broad beam ion implanter. This and other abjects, advantages and features of the
‘ invention can be more completely understood from a detailed description of a

_ : preferred embodiment of the invention which is described in conjunction with the
accompanying drawings.
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Prior art ion beam sources have an extraction electrode for attracting
~positively charged ions froman ion source. A suppression electrode biased
-at a slight negative potential prevents passage of neutralizing el ectrons

fromthe ion 2 beam back

to the highly positive extraction electrode.,But for the presence of the
suppression el ectrode, the neutralizing electrons would be drawn back to

the extraction E}-I@{,@Eﬁﬁuquhg%mﬁﬁl i zing the beam and causi ng beam

Plowe up. Figure 1 is a schematic depiction of an fon implantation system [or treating
a workpiece;

Figure 2 is & partially sectioned view showing an ion beam source;

Figure 3 is a plan view of control electrade structure in proximity to the
Figure 2 source showing an array of lon intensity control electrodes;

Figure 4 is a section view showing three adjacent apertures emitting ions
and structure to control ion beam intensity by selective energization of intensity
control electrodes; . _

Figure 5A is a schematic depietion of structure for controlling beam
intensity of one beam portion;

Figure 5B is a graph showing electric potentials in the vicinity of the Figure
SA structure; and

Figures 6-9 ure graphs illustrating the degree to which beam intensity for
individual beam portion can be controlled without undue interaction with adjacent
beam portions.

ode cticing the Inventi

Turning now to the drawiugs, Fig.1 depicts an on implantation system
including a low energy (2kv) ion source 10 for emitting ions whose Intensity is
controlled by an electrode assembly 12. The saurce 10 emits a plurality of small
crass section beams that gradually lose their defnition and diffuse as they move
along a trgvel path. This diffusion allows individually emitted beam portions from
the source 10 to combine and form a beam 14 that is wider than any of the beam
portions. The ion intensity within the cross secticn of the ion beam 14 is con-
trolled by removing neutralizing clectrons from.a given beam portion before it
diffuses into the combined beam 14.

The ion beamn 14 passes through an analyzing or resolving magnet 16 where
the ions in the beam are bent in 2 manner dependent upon their mass and charge.
Dawnstream from the resolving tmagnet 16, the beam 14 enters a metal resolving
slit 18 that defines a beam waist in a dispersive plane. Those ions passing through
the resalving slit 18 are further accelerated by two accelerating tubes 19, 20 which
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Di scl osure of the Invention The resent invention is defined in the
cl ai ns. Apparatus. constructed in accordance wth one enbodi nent
" of the present invention is used to control ion beamintensity in a broad
beamion inplanter. An ion source creates ions within a confined region and
I ncludes a wall boundi ng the confined regioQ'having multiple exit apertures
that allowions to exit the confined region%and formion beam portions. The

[ b ti, ' f . ' b ' b ti
orearer o FAPEETRE R FUEAP TR OB 5 RS0 A
roxim (6] oioea exirkpt ulhe teodea ¢ Itobese: aQUIEsS
Pncl udi né a congﬁct I ve ét’ractriJ af‘r":’apf_‘at.e I nt ai ned gt ans el ec%ric ?)ot enti al
that attracts i %"Rer%‘?FF ¥ ﬁ@“gﬁﬁf‘gé. ¢ sige g@éﬁ? a?ﬁ‘?f%ﬁ@’?& $erEYy ARG Aistance ddpng
mul tiple suppr@gyeam ?hﬁcﬁét%@ﬁ the feo QltRE119] 20 RS GBS bAd aﬁ@etdf%cﬁhh%ﬁ?%{?”

electrodes is controlled to allow sel ective backstream ng of electr rom
beans porti onsthexyarkpigee 72 asesantrelled extraction plate. By individually

activating these el@gl gy sP o the HveRlibe® fd HApMY sifiddR wasers that constitute
the workpiece 22. In this application the wafer 22 is moved to and from a proper
position and orientation' in the ion beam 14 by automatic wafer handiing ap-
paratus. Since the beam 14 is in a highly evacuated chamber from the souree to
the region of the wafer 22, this apparatus must move the wafers from atmospixeric
to very low pressure. Apparatus for accomplishing this task is known in the prior
art. -

No wafer scanning at the implantation station is needed since the source 10
produces & beam 14 of large enough cross section to treat the implantation surface
of the workpicce 22. Additionally, no scanning electrodes ars needed and there-
fore the electronics needed to adjust the voltage on such electrades are avoided.

In accordance with one embodiment of the invention, the source 10 s a
multi-aperture Kaufman-type source capable of producing {ons having an energy of
approximately 1 kilovolt and currents of approximately 10 milliamps per square
céntimeter.

In the merged beam arrangement depicted in Fig, 1, the magnet 16 helps
foeus the individual beam portions into a single merged beam which is resolved
through the single slit 18 and is then accelerated as a single beam. Certain
advantages accompany use of this merged beam technique over a technique where
each of the beam portions are resolved and accelerated. The resolving magnet
gap is kept small since the source 10 itself is smaller In cross section, The com-
mon resolving slit 18 is easier to accomplish than would be mukhiple slits, one for’
each individual beam portion. Resolving and ion acceleration are achieved mare
easily since duplicatc acceleration electrodes for sach beam portion are not
needed. In addition, the simplicity of the post acceleration apparatus resuits in
fewer surfaces to accumulate condensates.




I on beamintensity across the broad beam can be adjusted and controlled to
make the intensity nore uniformor to inpose controlled intensity

vari ations across the ion beam cross section. I n accordance with a

preferred feature on additional aspect of the invention, individual beam

segnents are separated from each other downstream fromthe suppression

el ectrodes to inhibit crosstalk between adjadent beam portions. This facet
of the invention inhipits beam deneutrali zati gn of one beam portion due to

a net space charge oF'@¥FeS¢irad Sndemetdhe seukce . and electrage; assemblydd; otin asray
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and preferably constructed from aluminum. An ion plasma exists within the

confines of the ion source 10 and ions within the plasma naturally migrate to the
vicinity of exit apertures within the wall 32. A metal extraction electrode. 34 s
supporied by the wall 32 and biesed at an electrical potential of -+2 to +35 kilovolts
with respect to ground and creates an elsctric field in the vicinity of the source 10
that causes jons in the plasma to be accelerated through the extraction electrode
34 and exit the source 10. This results in the formation of multiple small cross
section beam pottions that combine with each other to form the beam 14.

The extractiop clectrode 34 of Pigure 2 defines an array of nine apertures
that align with a corresponding array of apertures formed in the wall 32, Each of
the openings defined by the extraction electrode 34 has a suppression electrode 40
_ whnse electric potential can be individually controlled. When & suppression
| electrode 40 is grounded, electrons within an asspciated beam portion backstream
: to the elactrode 34 and 'thereby create a net positive charge per unit volume
within the beam portion. This results in a rapid destabilization of the beam
portion due to repulsion between ions. This occurs within a very short distance
downstream from the electrode 40 and results in a diminisked contribution from
that beam portion within the resultant fon beam 14.

In tha field of ion doping of silicon wafers, it is typically desirable to
produce a broad beam having & controllable distribution of current density. In the
ease where a highly uniform beam is desired, this requires that in moving from the
center of the beam to its edge (in a cireular geometry), the beam ct;rrent density
remajns constant for some range of radii. One technique to achieve such constant
intensity would be to impose a predetermined dead-time on each individua) beam
portion during a set duty cycle. This turning on and off of the beam portion in a
correct proportion aliows the beam cutrent density of an entire ring of beam
portions to be mede uniform. Such a dead-time or off period is easily caleulated if




3 Brief Description of the Draw ngs Figure 1 is a schematic
~depiction of an ion inplantation systemfor treating a workpiece;

.Figure 2 is a partially sectioned view show ng an i on beam sour ce;

Figure 3 is a plan view of control electrode structure in proximty to the
Figure 2 source showing an array of ion intgnsity control el ectrodes;
Figure 4 is a section view show ng three adyacent apertures emtting ions
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structure for sdrhedlching amintensity of one beam portion; - Figure
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controlled individual beam portion intensity that avoids beam interaction between
adjacent beam portions, yet allows individual control over beam portion intensity.
Figure 4 depicts a common extraction clectrade 34 and three individually control-
lable suppression electrodes 40a, 40b, 40c¢.

Adjacent these suppression electrodes is a plate 50 which supports the
electrodes 40 and is spa'.cc_:.d from those clectrodes by an insulating standoff 52.

The plate 50 defines an exit channel or passageway for each of the three beam
portions depicted in Figure 4 and is grounded to provide electrical isolation
between beam portions. The plate 50 is coupled to the wall 32 by insulating
standoffs 54.

The suppression electrodes 40a, 40b, 40c inhibit‘ backstreaming of clectrons
to the extraction electrade when biased below ground by a power supply 60
coupled to & programmable controller 62 (Figure 1). When the potential on the
middle electrode 400 rises to ground potential, electrons in a beam portion 62b
are attracted to the extraction electrode 34 causiﬁg the beam portion 62b to
become positively charged. The positively charged ions within the beam portion
62b repulse each other and are directed away from their original path against walls
of the plate 50. When the electrode 40b is returned to its negative voltage, beam
neutralization {s rapidly re-instituted to cause a low angular divergence of ions
within the beam portion 62b. '

But for the presence of the plate 50, when the beam portion 60b (for
example) is deneutralized, it would attract electrons from adjacent beam portions
causing those beam portions to be partially deneutralized and thereby diminishing
control over individual beam portion intensity, Due to the presence of the plate
50, however, neutralizing electrons in adjacent beam portions are shielded from

the inereased beam potential of the deneutralized beam portion by the grounded
walls of the channel.

The flux density within the beam is controlled by imposing a duty cycle of,
for example, 10 milliseconds. During this duty cycle, an individual suppression
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Figures 6-9 are graphs illustrating the degree to which beamintensity for
an i ndi vidual beam portion can be controlled w thout undue interaction with
: adj acent beam portions. Best Mbde for Practicing the Invention

Turning now to the drawings, Fig. 1 depicts an ion inplantation system
including a | ow energy (2kv) ion source 10 for emtting ions whose

intensity is controlled by an el ectrode ass@nbly 12. The source 10 emts a
plurality of s
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beam 14 that is wi der, than any of the beam portions. The ion intensity
within the crod4ensiy fOrothabPOrtli on beam 14 is control | ed by removing

The -conbi nes beam L1l e Lo o i ot

resol vi ng. magn@ elestrioaly ésolated from thanplaks 5O b3 endpsulaing standalf ihmigh is

dependent upon Liglih-H5%% &ngtaﬁpﬁégaetive potential with respect ta ground. A second

| -grounded electrode 72 lacated further downstréam along the ion bearn path and
separated from the electrode 70 by an insulating standoff 73 allows the individual

heam portions to exit a uniform potential region and continue onto the resolving

magnet 16.

Figure 5B illustrates the electric potential in the region of the electrode
assembly shown in Figure SA. By selectively grounding (and thus raising the
electric patentiai of) the first suppression clectrode, electrons within the channel
are attracted upstream (o the extraction electrode 34 dee to the high positive
potential maintained ¢n this electrode, When the potential (V1) of the suppres-

: sion ¢lectrode is reduced below ground, electrons remain within the ion haam
; portion surrounded by the plate 50 to maintain beam neutrality. '

By applying a negative voltage to the second suppression electrode 70 of 2
magnitude comparable to the voltage on the first supprassion electrode 40b, it is
possible to inhibit the passage of clectrons from an ovetlap région 80 downstream
from the electrode assembly 12 back 1o the high-voltage extraction electrode 34,
Since the second suppression electrode 70 js commton to all channels or beam
portions, when a given suppression electrode is biased to zern patantial, only the
channel inside the plate 50 associated with the grounded suppression clectrode is
stripped of its electrons. Neutralization electrons within adjacent beam portions
are shielded from the increased beam potential by the grounded wails of the
metallic channel through which the strip beam portion passes. The final grounded
electrode 72 terminates the electric ficld of the electrode assembly 12 and thereby

| diminishes the interaction between the electrode assembly and the overlap portion
: | 80 of the beam 14.
Operating charucteristics of the source 10 are summarized in the graphical

o depictions of Figures 6-9, In Figure 6, the beam interaction berween adjacent




Downstream from the resol ving magnet 16, the beam 14 enters a netal
resolving slit 18 that defines a beamwai st in a dispersive plane. Those

; 1ons passing through the resolving slit 18 are further accelerated by two
accel erating tubes 19, 20 which

4 accelerate the ions to a desired energy I%\; (between 5 and 200kv) and
project the beamonto a workpiece 22. The t accel erating tubes 19, 20 act
as a tel escope,an Shhgand
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. proper _ data is plotted for three apertures designated center, top and battom which
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corresponds, for sxample, to the three channels shown in Figure 4. The data
plotted with a square box, for example, shows the amount of interaction between
the top and center suppression electrodes 40a, 40b. Similarly, data in which the
center and bottom suppression electrodes 40b, 40c are biased at the same poten-
tial, is plotted with a triénglc. _

The data shown in Figure 6 suggests that the second suppression electrode
70 should be biased to a certain level to assure low interaction between adjacent
beam portions. When the second suppression electrode falls below 20-25 valts
(negative), the beam portion interaction increases significantly and contral aver
total heam intensity distribution is impeded. There is less interaction when the
voltages are maintained at a value belween 20-80 volts and the most desirable
voltage on the secord suppression electrode 70 is above 80 volts. The data
depicted in Figure 6 is for an extraction electrode biased at 5 kilovolts.

Similar dat3 is depicted in Figure 9. This data corresponds to a 3-kilovolt
extiaction voltage and a 9-hole array 30. The coordinates are again suppression
voltage and interaction level, and the controls designated in the legend indicate
interaction between non-adjacent hales. As an example, the square data plots
correspond to the interaction between the middle beamlet from the top three
holes and the middle beamlet of the central three holes. In this case, the middle
beamlet of the bottom three holes and the six interspersed holes have the siandard
suppression electrode voitage. The data in Pigure 9 suggests that, for lower
extraction voltages, the biasing of the suppressicn clectrode 70 can be diminished
without degrading beam intensity control due to beam interaction.

Figures 7 and 8 depict the degres of contral achievable by control of
individual suppression electrodes. The Figure 7 graph depicts voltage with respect
to ground of one of the suppression electrodes (40b for example) and the trans-
mitted beam current for the beam portion associated with the electrode. As seen

in Figure 7, as the suppression voltage approaches zero (ground potential) the




position and orientation in the ion beam 14 by automatic wafer handling ap-
paratus. Since the beam 14 is in a highly evacuated chanber fromthe source
:to the region of the wafer 22, this apparatus nust nove the wafers from

at nospheric to very |l ow pressure. Apparatus for acconplishing this task is
known in the prior art. No wafer scapning at the inplantation
station is needed since the source 10 producdes a beam 14 of |arge enough

cross section to.treat.the i,nplant.at CH., 4 e
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ted current and duty cycle is a linear relationship, allowing accurate control aver
the beam intensity by adjustment of the imposcd duty cycle on the depletion

electrode.
The lincar array of nine apertures would most typically be replaced by a

- 1wo dimensional array of apertures such as the array depicted in U.S. Patent
5,023,458 to Benveniste ¢ al. A linear array could be used, however, in ap-
plications where linear traversals of the workpiece 22 through the beam 14 are
accomplished by a suitable wafer drive mechanism. It is the intent that the
invention include all modifications and alnzrations~ from the disclosed design fafling
within the spirit or scope of the appended claims.
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non resolving slit 18 is easier to acconplish than would be multiple slits,
one for each individual beam portion. Resolving and ion acceleration are
achi eved nore easily since duplicate accel eration el ectrodes for each beam
portion are not needed. In addition, the_ﬁhnplicity of the post

accel eration apparatus results in fewer surfaces to accunul ate condensat es.
Figures 2 and 3 depict the source 10 and el ectrode assenbly 12. An array 30
of nine aligned exit apertures 31 is defined by a wall 32 of the ion source
- 10. The soqugéi8ﬁ$§ generally cylindrical and is bounded by insulating
side walls t +1-a preferred enbodi ment are constructed fromquartz. The
wall 32 is netallic

1. A wethod for forming an ion beam comprising the steps of: .

a)  crcating a plasma of ions within a region bounded by a wall (32) having
muttiple exit apertures (31) therein;

b}  extracting ions from within the region by biasing an extraction electrode (34)
in the vicinity of the exit apertures to accelerats jons through the apertures and form wmultiple
ion beam segments which combine to form the ion beam;

c)  positioning multiple suppression electrodes (40) outside the extraction
electrode; and

d)  attracting charged pasticles from the ion beam segmonts back to the extraction
elsctrodes to controliably attenuats selected beam segments and thereby control the jon bear
intensity as a function of position within the ion beam by biasing the suppression electrodes at
electric potentials that allow buckstreaming of (he charged particles to the extraction electrode.

2. The method of Claim | additionally comprising the step of electrically isolating
adjacent beam segments downstream from the multiple suppression electrodes.

3.  The method of Claim 1 wherein the biasing step is performed by applying a cyclic
voliage to each suppression electrode and controlling a duty cycle of the cyclic voltage betweeo
4 voltage that allows backstreaming of charped particles and a voltage that inhibits said
backstreaming.

4.  Apparatus comprising:

a)  an jon source (10) for creating ions within « confined region and including &
wall (32) bounding the confined region having multiple exit apertures (31) that allow ions to oxit
the.confined region and form jon beam portions; said lon beam portions combining to form an
ion beam having a beam cross section greater than that of the individual beam portions;

b)  extraction means comprising a conductive extraction plate (34) maintained at
an electric potential for atrracting fons from the ion source, said conductive extraction plate
including multiple extraction apertures aligned with the multiple exit apertures in the wall of said
ion source to allow ions exiting the confined region to pass through the extraction plate; and
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and preferably constructed fromalum num An ion plasma exists within the
conflnes of the ion source 10 and ions within the plasma naturally mgrate
to the vicinity of exit apertures within the wall 32. A netal extraction
*electrode 34 is supported by the wall 32 and biased at an el ectrical
potential of +2 to +5 kilovolts with respegt to ground and creates an
electric field in the vicinity of the sourte 10 that causes ions in the

pl asma to be accel erated through the extraction el ectrode 34 and exit the
source 10. This results in the fornation of multiple small cross section

beam portions that ne vu each her to, f@rm t he beam 14.

extraction el ect rod i fREAnsc F‘ﬁn&ys‘BPreﬁ%‘% %W%r@g) tfﬁht
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portion backstreamto the el ectrode 34 and thereby Create a net positive
charge per unit volume within the beamportion. This results in a rapid

dest abi | i zat i on §of tﬁ@aﬁﬁmpﬂfmaﬁﬂ4%aitfoﬁaﬂfd&ﬂ ‘éﬁ%ﬁoﬁ
occurs within a very, short distance downstr Pﬂomthe e ectro?wﬂ% hgo)
results in SOURYeamSnm thesupprestien elactradss fartinkibitiag elogtsical iieragtion betwedrebeam

resul tant | phridR@fankdtalized du dm&bﬂgamgl on doping of silicon wafers,
It is typically desirable to€=

6.  The apparatus of Claim 5 where the beam separation means comprises:
a)  a metallic isolation plate (50) held at one electri¢ potential; and
b)  anelectrode (70) downstream from the isolation plate biased at a second fixed
electric potential to inhibit movement of elecuons through the isolation plate.

7. In an ion implantation system, apparatus for directing an ion beam (14) along a
controlled trajectory to impact a wafer (22) comprising: _

a)  ion source means (10) for providing a plurality of relatively small cross section
jon beams which combine to form a larger jon beam having a beam cross section on the order
of the area of a wafer surface to be treated;

b)  ion distribution control means including a plurality of spaced clectrodes (40)
for deneutralizing charge in selected small cross section ion beams by attracting charged beam
neutralizing particles from said selected small cross section jon beams;

€}  beam scparation means (30, 70, 72) for clectrically isolating the small cross
section ion beams from each other to inhibit electrical attraction between generally charge nevtral
small cross section ion beams and closely adjacent deneutralized small cross section ion beams;

d)  analyzing means (16) for analyzing ions leaving the ion distribution control
means and for directing certain ions to follow a wafer treatment trajectory;

¢)  a wafer treatment station for placing wafers in a position to intercept said
certain ions after said jons exit the analyzing means; and

f)  switching means (62) coupled to the ion distribution coatrol means for
individually controlling biasing potentials of the spaced electrodes to provide a controlled ion
distribution of ions impacting a wafer surface at tlic wafer treatment station.

This Sheet Has Been Reilaced
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produce a broad beam having a controllable distribution of current density.
In the case where a highly uniformbeamis desired, this requires that in
!anjng fromthe center of the beamto its edge (in a circular geonetry),

t he beam current density remains constant for sone range of radii. One
techni que to achieve such constant intensjf{y_would be to inpose a
predeterm ned dead-time on each individual beam portion during a set duty
cycle. This turning on and off of the beam portion in a correct proportion
allows the beam current density of an entire ring of beam portions to be

gade uniform Sgh andges ihpliRa®in §sleaPf COEm! P 2&iEdaily COMEHLIR § Pobr supply
means (60) for slectrically biasing the spaced electrodes at individual control potentials,

9. The ion implantation system of Claim 7 wherein the beam separation means
comprises an isolation plate (50) having channels extending therethrough held at a fixed electric
potential and a suppression (70) electrode downstream from the isolation plate biased at a
potential for inhibiting movement of neutralizing particles into the chanacls of the isolation plate.

10.  The ion implantation system of Claim 9 additionally comprising an additionsl plats
(ﬁbtx&iatﬂwqumnhlofﬂu:uohﬁonpmncandloamaidownﬂnmnnﬁnn)uwzampnwﬁnn
electroda.

This Sheet Has Been Repl




there is little or no interaction between beam portions as they are

I ndividually switched on and off. Figure 4 illustrates a portion of
‘the el ectrode assenbly 12 for achieving controlled individual beam portion .
intensity that avoids beaminteracti on between adjacent beam portions, yet

all ows individual control over beam portiop intensity. Figure 4 depicts a
common extraction electrode 34 and three i11idividually controll abl e
suppressi on el ectrodes 40a, 40b, 40c. Adj acent these suppression

‘electrodes is a plate 50 which supports the el ectrodes 40 and is spaced

fromthose el ectrodes by an insulati nﬁmw. The plate 50 defines an
exit channel or passageway for each o beam portions depicted in

Figure 4 and is grounded to prE?é@Jg{%aO : tﬁ_, %ééﬁ%ﬁnsuw?ﬁbﬂeen beam

portions. The plate 50 is cou I'ng standoffs
54, The suﬁapummmcmdlw)odﬂm magc mclbqlcsao tiplerapartured 41 bowadediim gloss

el ectrons to f. tractign. e t
Suppl v 60 AUy e e e (S RO Beeigbontilel ke Tong ok aiciitice
pot e nL i al dond dsﬁﬁrig;gg bmreé emhising dovgﬂhmamﬁnfomoa braadmdan t(uarﬂrmeﬁ,,\g ehentlization
in a beam p on are attracted to the extra tlon ect rode caysi
t he beam p(??tqt‘% Hvgalgpn, 3 B@gcf[ﬂ%? °@H§I éte &@Vﬁ@ﬂﬁ%@%
ions withi rintélsaobafdmﬂﬁ%t:bom&&dﬁsﬂl a&tﬁmhaﬁi lberbﬁm G Qntﬂéﬂ %ﬂﬁlﬁf’ AVeiow
-fron1the|r orlglnal pat agalnst wal | s of the plate 50. Wen t
ns from beam portions close to the source back to the
eﬂnmnm:ebanxb. ThsaﬂowsﬂmIxmnlpmmontolmamnedmmmmﬂundamLthnmhna
unstable. The unstable beam is diminished in intensity since positively charged ions within that
beam portion exit the beam. An isolation plate (50) scparatcs beam portions in close proximity
to the extraction electrode to inhibit beam crosstalk and an additionud suppression elecirode (70)
common to all beam postions is controllably biased to further enhance control over beam portion
¢ intensity. In a typical application, the beam is a circular heam and intensity control is

maintained to assure common intensity for a given radii from the beam center.

u

-

(Figure 1)



el ectrode 40 urned to its negative voltage, beamneutralization is

r api e- instituted to cause a | ow angul ar di vergence of ions within the
beam portion 62b. When t he beam portion 60b (for. exanple) is
deneutralized, it would attract electrons from adj acent beam portions
causi ng those beam portions to be partially deneutralized and thereby

di m ni shing control over individual beam portion intensity. Due to the
presence of the plate 50, however, neutralizing electrons in adjacent beam
portions are shielded fromthe increased beam potential of the

deneutral i zed beam portion by the/®rounded walls of the channel . The
flux density within the beamis controlled by inposing a duty cycle of, for
exanple, 10 mlliseconds. During this duty cycle, an individual suppression
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7 electrode is swtched off for a fraction of the duty cycle. The | arger
the fraction of the duty cycle during which the beam portion is attenuated,
the lower the ion intensity for that portion. Downstream from t he '
grounded plate 50 is a second suppression electrode 70 electrically
isolated fromthe plate 50 by an insulating standoff 71 which is maintained
at a constant negative potential with respect to ground. A second grounded
el ectrode 72 | ocated further downstream along the ion beam path and
separated fromthe el ectrode 70 by an Insulating standoff 73 allows the

i ndi vi dual beam portions to exit a uniform potential .region and continue
onto the resol ving magnet 16. i T strates the electric
potential in the region of the el in Figure 5A. By
selectivtely grounding (and th nti-al of) the
first suppression el ectrode, e attract

{ve pot e al

raising the electric po
| ectrons witfyi n the channel
ctrode 34 dug to the high posi

mai ntai ned on this electr When t he poglential (V1) of the pres- SMon
el etrode i s reduced bel grobind, electrops re@ain withingth nn be
portion surrounded by the plate 50 toqgai ai_n®beam neut r fl
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By applying a negative voltage to the second suppression el ectrode 70 of a
magni t ude conparable to the voltage on the first suppression el ectrode 40b,
it is possible to inhibit the passage of electrons froman overlap region
80 downstream fromthe el ectrode assenbly 12 back to the high-voltage
extraction el ectrode 34. Since the second suppression electrode 70 is
common to all channels or beam portions3/éhen a given suppression el ectrode
is biased to zero potential, only the channel inside the plate 50
associated wth the grounded suppression electrode is stripped of itSem
el ectrons. Neutralization electrons within adjacent beam portions are
shiel ded fromthe increagsed bgam potential by the groundéd wal | s of the
metal li ¢ channel through [ the strip bearh portion passes. The final
grounded el ectrode 72 terkinhtes the electric field of 4 he el ectrode
assenbly 12 and thereby di‘m ni shes the interacton between the el ectrode
assenbly and the overl ap ppr@ion 80 of the beam 14. + Oper ati ng
characteristics of the source 10 are sugggyized in the grgphical depictipns
of Figures 6-9. In Figure 6,4jhe beam i action between apjacent
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beam portions is plotted<as a function of the voltage maintained on the
second suppression electrode 70.- The ordinate corresponds to an arbitrary
: scal e wherein large values indicate significant ion beaminteraction

bet ween beam portions. The data is plotted for three apertures designated
center, top and bottom which corresponds, for exanple, to the three
channels shown in Figure 4. The data ngtted with a square box, for
~exanpl e, shows the anount of interactién bet ween the top and cgéater
suppressi on el ectrodes 40a, 40b.M§iniIarIy, dat a uy?mhich heg center and

bott om suppressi on el ectrod®s 40 40c are bi t he ten- tial,
.is plotted with a triangle . LrShlg R-ELOUr#A6 sedggests that
t he second suppression ele dey 0 13%2%5&:?232@?: rt Tevel to
assure | ow interaction gt : ;,b"'”,éiééﬁb”‘ t secon
suppression el ectrodaffall § _bel ol @=25 R e fdam_porii og-
. . . . . o S — ek o amm -— e -y . — i — L ! \ "--—.
interaction increas€s significghtlits arg .ori.rngo.vgr.. o/ I\ 0% ,0 4
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total beamintensity distribution is inpeded. There is less interaction
when the voltages are mai ntained at a val ue between 20-80 volts and the
nost desirable voltage on the second suppression electrode 70 i s above 80
volts. The data depicted in Figure 6 is for an extraction el ectrode biased
at 5 kilovolts. Simlar data is depicted in Figure 9. This data
corresponds to a 3-kilovolt extractiogsgoltage and a 9-hole array 30. The
coordi nates are again suppression voltage and interaction |evel, and the
control s designated i g lndicate-i-nteradtigjn—bet-ween—nga-@dj acent
hol es. As an exanple, fthe square data plots correspond to the intlerdction
between the m ddl e begm et fromthe top three holes and the m ddlle beani et
of the central three fholes. {In thisjcase, the m ddle beam et of |the bottom
three hol es..and the silx interjspersed} hol es have the standard--supgressi on

el ectrode voltage. The data ijn Fiéér 9 suggests that for Iomer-e%graction

vol t ages, the biasing jof the jsuppgesfi on el ectrode 70 can be di mjnished
wi t hout degradi ng beamlintensity nfrol due to beaminteraction.
Figures 7 and 8 depict] the dgqgree&pf}control achievable by contrfol of
i ndi vi dual suppression el ect rjodes™ The Figure 7 graph depicts voljtage with
respect to ground of one of the.sén

and the trans- mtted peam cudrren

el ectrode. As seen in [Figurel7, as

(ground potential) the

br the beam portion associatdd With the
e suppression vol tage approdches zero
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9 - backstream ng of electrons to the extraction el ectrode 34

I ncreases and beam ' ‘current drops. Biasing the suppression electrode-
80 volts bel ow ground inpedes el ectron backstream ng and all ows a
‘maxi mum i on beam current. Figure 8 is a graph show ng
transmtted current as a function of duty cycle 5 | nposed upon the
suppression el ectrode. A zero percent gead-time corresponds to a
situation in which a constant suppression voltage is inposed. A 100 percent

dead-time corresponds [TO TN sttuattron T Wi cih tne depl etron elreccr qg S
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held aj a ground potential. As seen in the F’f’gure | N Desceipiion: fugedbBM paged ..
transnit- ted current and duty cycle is a | i ngaClairf(spt | OpugeiiRe.. to paged .ix.
al I'owi ng accurate control over 10 the beaminte SDtMra Ringtsh UsdgeBN!L.. 1f paged .....
t hexi nposed duty cycle on the depletion el egt F stract _: paged.... to paged ...
The linear array of nine apertures would rbst typically be repl acéd by a

two di nensional array of apertures such as the arra

Pat ent 5,023, 458 t OBREOWBBEAM BLUX DENSI’ G REGEIPT. Uhy

however, in ap- 15 plications mhere Ilnear traversals of the workpiece
22 through the beam 14 are acconplished by a suitable wafer drive -
mechani sm |t ﬁladtdlahi:rlh%ﬂndmat t he i nvention i ncI ude al |

nodi fi cati ons and terations fromthe discl ,os;d desi &n E r}% X
within the spirt of ESRIGHENIOIVE RO RICHEAR P RRE) SYstom trba § @ Work-

REPLACEMENT 'S (1 ore,pa ncularlx concerus an ion beam implantauan system1 wherein
CAT11T1n 111 PEER 31 PR £
the ion beam is made up of multiple beam portions which combine to create a
broad beam whose intensity distribution can be controlied by modulating the beam

portions.

Backeround Art

(=EP-A-444935)
U.S. Patent 5,023,458/to Benveniste et al. concerns an jon beam control

system. The *458 patent discloses an jon implantation source that emits ions from
muitiple apertures to produce multiple beam portions which combine 10 form a
large diameler beam. One goal of the 458 patent is to generate an ion beam
approximately the size of a workpiece from multiple beam portions which can be
wurned on and off in a controlled fashion to control beam intensity. This was
accomplished by controlling beam neutralization of the ion beam as a function of

position within the cross section of the beam, %e—dﬁelesafe-ef-ﬁHB—pfﬁm&te
Benveniste-et-al—is-ineorporated-herein-by reference.

In an ion beam implanter of the type disclosed in the *458 Benveniste et al.

- patent, neutralization of the beam is achieved by interaction between ions within

the beam and a residual gas along the beam transport line. Beam ions ionize the
residudl gas and liberate electrons having a low energy that arc captured within
the potential well of the beam. Slow residual gas jons are expelled from the -
beam. The space charge of the"'beam is neutralized by the low-energy electrons
and this enables the beam to be transported from a source to a workpiece without
significant loss in beam definition. Since ion beam transpaort is dependent upon
the presence of low-energy neutralizing electrons, it is important to assure elec-
trofs are not ﬁﬁintentionally extracted from the ion beam during beam transport.

Prior art ion beumn sources have an extraction electrode for attracting
pasitively charged ions from an ion source. A suppression electrode biased at a

slight negarive potential prevents passage of neutralizing electrons from the jon




10 CLAINB 1. A nmethod for formng an ion beam conprising the steps
of : * a) creating a plasma of ions within a region bounded by a wall
(32) having nultiple exit apertures (31) therein; b) extracting
ions fromw thin the region by biasing an extraction electrode (34) in the
vicinity of the exit apertures to accel eratz ions through the apertures and
formnmultiple ion beam segnents which conbine to formthe i on beam

c) - positioning nultiple suppression el ectrodes (40) outside the

extraction elGhy ®déx t8Mfle highly pdbitive extrabid elRStr6det’ BRA fBAhd préddnce of the
el ectrons fromthe ion beam segnents back to the extraction el ectrodes to

control I ably BPpEassienelagiiode: e neukalizng elesirepsanguld be drawn back to the extraction
electrode, thus deneutralizing the beam and causing beam blow-up.

Disclosure of the Invention

The present invention is defined in the claims.

Apparatus constructed in accordance with one embodiment of the present
invention is used to control ion beam intensity in a broad beam ion implanter. An ion
source creates ions within a confined region and includes a wall bounding the confined
region having multiple exit apertures that allow ions to exit the confined region and
form ion beam portions. The ion beam portions combine to form an ion beam having a
beam cross section greater than that of the individual beam portions.

Located in proximity to the muitiple exit apertures are extraction electrodes
including a conductive extraction plate maintained at an electric potential that attracts
ions from the source. A beam intensity control includes multiple suppression
electrodes. The electric potential on the suppression electrodes is controlled to allow
selective backstreaming of electrons from beams portions exiting the conductive
extraction plate. By individually activating these electrodes in a controlled fashion, the
ion beam i;itensity across the broad beam can be adjusted and controlled to make the
intensify more uniform or to impose controlled intensity variations across the ion beam
cross section.

In accordance with g_preferred feature ar-additienal-aspest of the invention,
individual beam segments are separated from each other downstream from the
suppression electrodes to inhibit crosstalk between adjacent beam portions. This facet
of the invention inhibits beam éeneutralization of one beam portion due to a net space
charge of an adjacent beam portion.

With Sre-ebjest-ef the invention, ie- selective control over ion beam intensity in

a broad beam ion implanter can be achieved. This and other-ebjeets advantages and

features of the invention can be more completely understood from a detailed

description of a preferred embodiment of the invention which is described in

conjunction with the accompanying drawings. REPL ACEMENT SHEET
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thereby control the ion beamintensity as a function of posj

i on "beam by bi asing the suppression electrodes at electric EME
al | ow backstreani ng of the charged particles electrons to therextast NI[SHEET

el ect r ode. 2. The nethod of Claim1 additionally conprjs &the step
of electrically isolating adjacent beam seg@rents downstreanp ffr orh@ ABR 1998
mul tiple suppreSS| on. el ect rodes . 3. The nethod of C aijmll_wherein the
bi asi ng step & ef Dgseription of the D g a cyclic voltage to gach suppression

el ectrode and controlllng a duty cycle of the cyclic volta
vol tage that allows backstream ng of charged particles and a voltage that

i nhi bits said bac szgweémSng schematic depigtiniy af 8 ierimplantatien system foj)ireating 2
ion source (10dkbiRke:Cr€ating ions within a confined region and including a
wal I (32) bou oﬂ g the confined region having nultiple exit apertures (31)
that allow ions tdige2 islaepariialiyiseetionedgiiem shentinganion bearhsammceor t i ons;
said ion beam Figure 3 is a plan view of control electrode structure in proximity to the Figure 2
source showing an array of ion intensity control electrodes;

Figure 4 is a section view showing three adjacent apertures emitting ions and
structure to control ion beam intensity by selective energization of intensity control
electrodes;

Figure BA is a schematic depiction of structure for controlling beam intensity of
one beam portion;

Figure 5B is a graph showing electric potentials in the vicinity of the Figure BA
structure; and

Figures 6-9 are graphs illustrating the degree to which beam intensity for an
individual beam portion can be controlled without undue interaction with adjacent beam

portions.

Best Mode for Practicing the Invention

Turning now to the drawings, Fig. 1 depicts an jon implantation system
including a low energy (2kv) ion source 10 for emitting ions whose intensity is
controlled by an electrode assembly 12. The source 10 emits a plurality of small cross
section beams that gradually lose their definition and diffuse as they move along a
travel path. This diffusion allows individually emitted beam portions from the source
10 to combine and form a beam 14 that is wider than any of the beam portions. The
ion intensity within the cross section of the ion beam 14 is controlled by removing
neutralizing electrons from a given beam portion before it diffuses into the combined
beam 14.

The ion beam 14 passes through an analyzing or resolving magnet 16 where the
ions in the beam are bent in a manner dependent upon their mass and charge.
Downstream from the resolving magnet 16, the beam 14 enters a metal resolving slit
18 that defines a beam waist in a dispersive plane. Those ions passing through the

resolving slit 18 are further accelerated by two accelerating tubes 19, 20 which

AME NDED  SHEET
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portions conbining to forman ion beam havi ng'-a beam cross
than that of the individual beamportions; b) extr
conprising a conductive extraction plate (34) maintained
potential for attracting ions fromthe ion source, said con
extraction plate including nultiple extractgon apertures al
multiple exit apertures in the wall of said ion source to gllowions

n electric
t iVeAPR 1998
Lth the

exiting the confined region to pass through the extraction ptate-—and-
there is little or no interaction between beam portions as they are individually switched

on and off.

Figure 4 illustrates a portion of the electrode assembly 12 for achieving
controlled individual beam portion intensity that avoids beam interaction between
adjacent beam portions, yet allows individual control over beam portion intensity.
Figure 4 depicts a common extraction electrode 34 and three individually controllable
suppression electrodes 40a, 40b, 40c.

Adjacent these suppression electrodes is a plate 50 which supports the
electrodes 40 and is spaced from those electrodes by an insulating standoff 52. The
plate 50 defines an exit channel or passageway for each of the three beam portions
depicted in Figure 4 and is grounded to provide el~ec.trica| isolation between beam
portions. The plate 50 is coupled to the wall 32 by insulating standoffs 54.

The suppression electrodes 40a, 40b, 40c inhibit backstreaming of electrons to
the extraction electrode when biased below ground by a power supply 60 coupled to a
programmable controller 62 (Figure 1). When the potential on the middle electrode 40b
‘rises to ground potential, electrons in a beam portion 62b are attracted to the
extraction electrode 34 causing the beam portion 62b to become positively charged.
The positively charged ions within the beam portion 62b repulse each other and are
directed away from their original path against walls of the plate 50. When the -
electrode 40b is returned to its negative voltage, beam neutralization is rapidly re-

§‘

instituted to cause a low angular divergence of ions within the beam portion 62b.

‘MM When the beam portion 60b (for example)
is deneutralized, it would attract electrons from adjacent beam portions causing those
beam portions to be partially deneutralized and thereby diminishing control over
individual beam portion intensity. Due to the presence of the plate 50, however,
neutralizing electrons in adjacent beam portions are shielded from the increased beam
potential of the deneutralized beam portion by the grounded walls of the channel.

The flux density within the beam is controlled by imposing a duty cycle of, for

example, 10 milliseconds. During this duty cycle, an individual suppression
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c) . beam i nt en5| ty._.cont roI means i ncI udi ng suppression el ect rodes (40)
for-i nh| biti ng backstreanm ng of el ectrons from beam portions exiting the
conductive extraction plate and bi.asi ng neans (60) for individually
control{ing a potential on said suppression el ectrodes and thereby control
el ectron -backstream ng to adjust beam density across the-beam cross
section. 5. The apparatus of Claim4 additionally conprising beam
separation means (50, 70) downstream fromthe suppression el ectrodes for
inhibiting electrical interaction between be@m portions deneutralized due
to el ectron backstream ng. 6. The apparatus of Caim5 where the beam
separ ati on nednsksioesgpmingest electrons tca)he extractiont glettrode 346 limireases @ngt bean®0)

held at one electric, poteqtial; .an an_.el ectrode
downst r eam 1 ¢ ST drBBH-a BN K Shmprassion Slecsrod B0reT Belkp aFdtaq frgpedes
pot ential to 'eﬂ&ltl%ﬁ bﬂa&%‘@%mgfan@'zﬁWsoi‘ﬁlaB:ﬁfx%%ntHRrﬁ %ﬁ‘x‘réhi on plate.
An ion inplantation system having apparatus for directing an
| on beam Figure 8 is a graph showing transmitted current as a function of duty cvcle
5 imposed upon the suppression electrode. A zero percent dead-time corresponds

to a situation in which a constant suppression voltage is imposed. A 100 percent

dead-time corresponds to the situation in which the depletion electrode is always

held at a ground potential. As seen in the Figure, the relation between transmit-

ted current and duty cycle is a linear relationship, allowing accurate control over
10 the beam intensity by adjustment of the imposed duty cycle on the depletion

electrode.

The linear array of nine apertures would most typically be replaced by a
two dimensional array of apertures such as the array depicted in U.S. Patent

5,023,458 to Benveniste er al. A linear array could be used, however, in ap-

fa—
W

plications where linear traversals of the workpiece 22 through the beam 14 are
accomplished by a suitable wafer drive mechanism. It is the intent that the

invention include all modifications and alterations from the disclosed design falling

within the W scope of the appended claims.
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(14) along a controlled trajectory to inpact a wafer (22) .c
a) - ion source neans (10) conprising a conductive extracti ﬁgﬂ“mﬂww Ill"l"l
e .

providing a plurality of relatively small cross section ion
conbine to forma larger ion beam having a beam cross section on the order

of the area of a wafer surface to be treatggl,; b) | op—ei-stribution
control neans including a plurality of spaced electrodes (4 REPbACEMENT SHEET
deneutralizing charge in selected snmall cross section ion anc oYy

attracting claapgidd beam neutralizing particles fromsaid seleg ﬂ snal |
cross sectioR 10N beams; suppression el ectrodes (40) for inh|bftih§APP 1992'
backstream ng of electrons from beam portions exiting the cpntuctive

extraction pI ate a),pg‘emo%sgopgor g’)eaInOé éﬁé}%t" |tggglgég\étoqpn rolling a

potential on sa| d "suppressi on S an r ol ~etectron
backstream ng to ailj ustcrd{aemmajﬂlasma y:f donsoshib leeregimarboninded by ecwvalb £32) having

C) beam se on 72) for electrically isolating the
snmal | cross gg‘ﬁ{“ﬁ%ﬁxﬁtgﬁe%érgﬁééﬁ tB?ﬁeg‘ach other to inhibit electrical
attraction bet weem) genaxahttngions d@nhaithiratheegioh by!isiasing an lektractionnelbetpode
and cl osely aéul-) in thté vicinity of the exit apertures to accelerate ions through the apertures and

form multiple ion beam segments which combine to form the ion beam;

c) positioning multiple suppression electrodes (40) outside the extraction
electrode; and

d) attracting eharged-pastieles electrons from the ion beam segments back
to the extraction electrodes to controllably attenuate selected beam segments and
thereby control the ion beam intensity as a function of position within the ion beam by
biasing the suppression electrodes at electric potentials that allow backstreaming of the
oharged-partieles electrons to the extraction electrode.

2, The method of Claim 1 additionally comprising the step of electrically isolating

adjacent beam segments downstream from the multiple suppression electrodes.

3. The method of Claim 1 wherein the biasing step is performed by applying a
cyclic voltage to each suppression electrode and controlling a duty cycle of the cyclic
voltage between a voltage that allows backstreaming of charged particles and a

voltage that inhibits said backstreaming.

4, Apparatus comprising:

a) an ion source (10) for creating ions within a confined region and
including a wall (32) bounding the confined region having multiple exit apertures (31)
that allow ions to exit the confined region and form ion beam portions; said ion beam
portions combining to form an ion beam having a beam cross section greater than that
of the individual beam portions;

b} extraction means comprising a conductive extraction plate (34)
maintained at an electric potential for attracting ions from the ion source, said

conductive extraction plate including multiple extraction apertures aligned with the

i
—
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l'. ;rl;i'bn beans;
means (16) for analyzjn g“*tjhe ion distribution COnH"] IMHH""I"I”“I
and for directing certain ions to foljlqw a wafer treatnent trajectory; n
e) - a wafer treatmgnt| stlhABR 988 i dcing wafers in a position to
intercept said certaijn fLons after saijd|iongyexit the anal yzi ng neans; and
f) swi tchi ng neang (62) coupled to tfhe ion distribution control neans
for individually cont! i lasl tentials of the spaced suppression
el ectrodes 1 g i lodft aBefGFSIiAlthe trall A <HidSibh sBch 38 dbwi iBRS ekiiRg thé Bnfhed
waf er surface at the Per ‘treatment st
region to pass through the extraction plate, and

c) beam intensity control means including suppression electrodes (40) for
inhibiting backstreaming of electrons from beam portions exiting the conductive
extraction plate and biasing means (60) for individually cbntrolling a potential on said
suppression electrodes and thereb\j control electron backstreaming to adjust beam

density across the beam cross section.

5. The apparatus of Claim 4 additionally comprising beam separation means (50,
70) downstream from the suppression electrodes for inhibiting electrical interaction

between beam portions deneutralized due to electron backstreaming.

6. The apparatus of Claim 5 where the beam separation means comprises:
a) a metallic isolation plate {50) held at one electric potential; and
b) an electrode (70) downstream from the isolation plate biased at a second

fixed electric potential to inhibit movement of electrons through the isolation plate.

7. ia=an An ion implantation system having apparatus for directing an ion beam
(14) along a controlled trajectory to impact a wafer (22) comprising:

a) ion source means (10) comprising_a_conductive extraction plate for
providing a plurality of relatively small cross section ion beams which combine to form

a larger ion beam having a beam cross section on the order of the area of a wafer

surface to be treated;

b) . ion distribution control means including e-plarality—ef-spaced-elootredes

portions exiting the conductive extraction plate and blasmg means {60) for individually
controlling_a potential on_ said suppression electrodes and thereby control electron

backstreaming to adjust beam density across the beam cross section;
c) beam separation means (50, 70, 72) for electrically isolating the small

cross section ion beams from each other to inhibit electrical attraction between

generally charge neutral small cross section ion beams and closely adjacent
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8. The ion inplantation systemof Caim?7 wherein the

means conprises an isolation plate (50) having channels 1m1mnnmmmlllrmm

t heret hrough held at a fixed electric potential and a suppres$sibn X

el ectrode downstream fromthe isolation plate biased at a potenti aI for

i nhi biting novenment of neutralizing particigs into the channels of the

I sol ation plate. 9. The ion inplantation systemof Claim 8 additionally
conprising an additional plate (72) held at the potential of the isolation

pl ate and | ogeh&sirakdd SinbP afst 58Rdntien BEsAEESSi on el ectrodes.
- d) analyzing means (16) for analyzing ions leaving the ion distribution
control means and for directing certain ions to follow a wafer treatment trajectory;
e) a wafer treatment station for placing wafers in a position to intercept
said certain ions after said ions exit the analyzing means; and
f) switching means (62) coupled to the ion distribution control means for
individually controlling biasing potentials of the spaced suppression electrodes to

provide a controlled ion distribution of ions impacting a wafer surface at the wafer

treatment station.

48. The ion implantation system of Claim 7 wherein the beam separation means
comprises an isolation plate (50) having channels extending therethrough held at a
fixed electric potential and a suppression (70) electrode downstream from the isolation
plate biased at a potential for inhibiting movement of neutralizing particles into the

channels of the isolation plate.

489. The ion implantation system of Claim 88 additionally comprising an additional
plate {(72) held at the potential of the isolation plate and located downstream from the

suppression electrodes.
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