CONTINUOQUSLY VARI ABLE APERTURE FOR HI GH ENERGY | ON | MPLANTER Fi el d of the
I nvention The present invention relates generally to high-energy ion

i npl antation systens and nore particularly to a continuously variable
aperture for use in such systens. Background of the Invention Ion

i npl antati on has becone the technology preferred by industry to dope

sem conductors with inpurities in the | arge-scal e manufacture of integrated
circuits. H gh- energy ion inplanters are used for deep inplants into a
substrate. Such deep inplants are required to create, for exanple,
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4,667,111, assigned to the assignee of the present invention, Eaton

Cor poration, and describing suchidd d¢f gie amarrgyonon i npl anter, is

i ncorporated by reference herein as if fully set forth. Typically, inplants
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tuning of the ion beam source for a.particular |evel of beamcurrent, and

then re-tuning the source fon_[;a@mgr%ﬁmpgpgm Iavéhdoant | evel of beam
current. Such a nethod, however, can be time consum ng and i s nost

detrinental when beamrecipes involving a common sFeci es (e.g., boron or
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accor di ngl ymplanteysarg efangien . ,su%m&ngrgy HHBIFER?de & H‘nglﬂ.n rs can provide ion

beams at energy levels up to 5§ MeV (million electron volts). U.S. Patent No. 4,667,111,
assigned t-o the assignee of the present invention, Eaton Corporation, and describing such a
high-energy ion implanter, is incorporated by reference herein as if fully set forth.
Typically, implants are performed on semiconductor substrates in prescribed series
of processes or recipes. Each series may include several recipes, each of which requires a
particular level of ion beam current. Current methods of adjusting the ion beam current for
different recipes involves an initial tuning of the ion beam source {or a particular level of
beam current, and then re-tuning the source for any subsequent different level of beam
current. Such a method, however, can be time consuming and is most detnmental when
beam recipes involving a common species (e.g., boron or phosphorous) are connected in a
series chain. The time saved by running recipes in series is offset by the time required to re-

tune the source between recipes.



aperture in a high-energy inplantation system Nor is it known to provide a
control circuit for such an aperture using ion beamcurrent feedback to
permt dynam c adjustnment thereof. It is an object of the present

i nvention, then, to provide an irrproved adj ust abl e aperture for wuse in the
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beam current passing through the inplanter; a second input for receiving a
second i nput representing a desi rugnmaty di@Mnvéigionent ; a third input for
receiving a third input signal froman aperture position feedback mechani sm

t {. f t t trol s t
he aportura dr retae BT sfonnd AP o rdlirbbanmot somt bpmearng.

t her et hr ouB#ssing theretoeigh di anl ioingpl4ntationl eﬁsmnm Thie Aertusetdssbnidlit ddktiprised Ak hfkture

signals ba nd,, an ird.i ts.. According to a
second as pgﬁﬁeg Og"%f/xresﬁétnp 3?\0%8? PRt plates ?lgv'l'%' "QP it W&eéﬁtpé?sefb eQfe] s

assenbly, enerisd, mcmwl}t roethe fimt angl. seo@od: a)psetthmgaldt@ ﬁ'xdtah lapeituRSRRE ne@fanii §or

i nventi on, e p contr ol stem as defined in
the clai rrsmﬁigrﬁ%ng?dsge% %h? @g o e%{ r?ﬂgs IROpRASie {”elc'%o“ét%?dé}%a &8ct i onal

pl an vi ew btwepn thweqtqrpplaﬂqs @rthq:rdumopmla}lel an@uat of current passing through the aperture.

Each of the opposite directions in which the control arms move is generally perpendicular to an axis
~ along which the ion beam passes. A closed loop control system is also provided for receiving a first
input signal from an ion beam current detection device representing actual ion beam current passing
through the implanter; a second input for receiving a second input representing a desired ion beam
current; a third input for receiving a third input signal from an aperture position feedback mechanism
representing aperture position; an output for outputting control signals to the aperture drive
mechanism to control the ion beam current passing therethrough; and control logic for determining
said output control signals based on said first, second, and third inputs.
According to a second aspect of the invention, there is provided an implanter beamline

assembly, as defined in the claims.

According to a third aspect of the invention, there is provided a closed loop control system,
as defined in the claims.

Brief Decription of the Drawings

Figure 1 is a cross sectional plan view of an ion implanter incorporating a



2 continuously variable aperture constructed according to the principles of
the present invention; Figure 2 is a perspective view of the continuously
vari abl e aperture assenbly shown in the ion inplanter of Figure 1; Figure
3 is a plan view of the continuously variable aperture assenbly of Figure
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Detailed Description of a Preferred Embodiment of the Invention

A cross sectional plan view of a high-energy ion implanter 10 is shown in Figure 1.

The implanter 10 comprises five sections or subsystems: an injector 12 including an ion
source 14 for producing an ion beam and a mass analysis magnet 16 for mass analyzing the
ion beam; a radio frequency (RF) linear accelerator (linac) 18 including a plurality of
resonator modules 20 for accelerating the ion beam to a higher energy; a final energy magnet
(FEM) 22 for performing final mass analysis of the accelerated ion beam; a resolver housing
23 for final resolution and conditioning of the ion beam; and an end station 24 which contains
a rotating disc 26 carrying wafers W to be implanted by the ion beam. Positioned after the
mass analysis magnet 16 at the entrance of the linac 18 is a continuously variable aperture
assembly 30 which functions to contro] the amount of ion beam current which passes from
the mass analysis magnet 16 to the linac 18. Located immediately after the continuously
variable aperture 30 is a first flag Faraday 31 which is used to measure the beam current out
of the aperture 30 and into the linac.

The mass analysis magnet 16 functions to pass to the RF linac 18 only the ions



vari abl e aperture 30 is a first flag Faraday 31 which is used to neasure
the beam current out of the aperture 30 and into the linac. The nass

anal ysis magnet 16 functions to pass to the RF linac 18 only the ions 3
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aperture subassembly 32, residing generally interior of a mounting plate 34, and an aperture
drive mechanism 36, residing generally exterior of the mounting plate 34. The mounting
plate 34 defines the interface between the interior of the implanter beamline, which operates
under vacuum conditions, and the exterior of the implanter beamline, which resides at an
ambient atmospheric pressure. The mounting plate is cooled by means of a cooling medium
(such as water) which is carried by internal channels via inlet 38 and outlet 40.

The aperture subassembly 32 comprises a graphite fixed defining aperture 42 behind
which resides a graphite variable aperture 44 comprised of aperture plate 44A and 44B. The
aperture plates 44A and 44B are attached to stainless steel control arms 46A and 46B,
respectively, by means of fasteners such as screws 48. The gap 50 between the aperture
plates 44A and 44B (see Figure 3) defines a space, having a longitudinal axis 49, through
which an ion beam may pass during operation of the ion implanter of Figure 1. As explained
further hereinbelow, the aperture drive mechanism 36 moves the control arms 46A and 46B

toward and away from each other in a direction parallel to axis 51 to vary the width of the gap

50 between aperture plates 44A and 44B. Axis 51 is generally perpendicular to the axis along



aperture plates 44A and 44B are attached to stainless steel control arns
46A and 46B, respectively, by neans of fasteners such as screws 48. The
gap 50 between the aperture plates 44A and 44B (see Figure 3) defines a
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the control arm 46A to move through the mounting plate.

Similarly, control arm 46B (to which aperture plate 44B is attached) is connected to
block assembly, 72, 74, 76, which slides bi-directionally along linear way 54. The control
arm 46B is fixedly attached to block 72; block 72 is fixedly attached to block 74; and block
74 is fixedly attached to block 76. Accordingly, by moving block 76 in a direction parallel
to axis 51, movement is imparted to block 74 which slides along linear way 54, thgreby
imparting corresponding axial movement to block 72 and the control arm 46B. Thus, the
entire block assembly 72, 74, 76 moves in a direction parallel to axis 51. An expansible steel
bellows &0 is provided at the interface of the control arm 46B and the exterior of the
mounting plate 34 to maintain vacuum conditions on the interior side of the mounting plate,
while permitting the control arm 46B to move through the mounting plate.

The block assemblies 61, 64, 66 and 72, 74, 76 are moved toward and away from
each other in opposite directions parallel to axis 51 by a motorized threaded shaft assembly
including a DC motor 82 and a threaded shaft 84. The threaded shaft 84 is provided with a
first threaded portion 84A having an end that is connected to the mounting block 52 by a



74 is fixedly attached to block 76. Accordingly, by noving block 76 in a
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44 may be adjusted. The aperture plates 44A and 448 may ejther overlap or abut each other
in the closed position to insure that no beam current passes therethrough. In the preferred
embodiment, the tilt angle o defined by the axis 49 of aperture 44 and axis 51 is fixed on the
order of 45°.

An alternative to the motorized threaded shaft assembly provided in Figures 2 and 3
is a motorized rack and pinion assembly (not shown). The motorized rotary movement of
a pinion located between a pair of rack bars may be used to impart opposing movement to
the rack bars. By connecting each of the rack bars to a respective control arm, rotary
movement of the pinion by the motor may be used to adjust the aperture gap.

Because the ion beam current passing through the aperture 44 may generate
significant heat, the control arms 46A and 4GB are cooled by a medium such as water.
Control arm 46A is provided with a coaxial construction utilizing an inner sheath 92 into
which water is injected via inlet 96 and an outer sheath 94 through which water exits via

outlet 98. Similarly, control arm 46B is provided with a coaxial construction utilizing an



toward or away from each other. In this manner, ion beam current passing
through aperture 44 nmay be adjusted. The aperture plates 44A and 44B may
ei ther overlap or abut each other in the closed position to insure that no
beam current passes therethrough. In the preferred enbodinent, the tilt
angle (x defined by the axis 49 of aperture 44 and axis 51 is fixed on the
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activated, the aperture 44 is’in its nost closed position, and when switch
110 i s actthyaieetire 4handihes thervaddhdofitbe aperiutesgapddt Adtremativelys b rotery queedeghl y.
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mechanism 120 may be implemented in either software or hardware. Inputs to the circuit
120 are the desired ion beam current as defined by the particular recipe being run, an ion
beam current measurement provided by second flag Faraday 35, and an aperture position
indication provided by the linear potentiometer 116, 118. The output of the circuit 120 is
a control signal or signals provided to the DC motor 82 to control movement of the
control arms and thus the gap 50 of the aperture 44.

A comparator 122 compares the desired ion beam current with the measured beam
current from the second flag Faraday 35. This beam current information is provided every
50 milliseconds and is stored in a software database. The output of the comparator 18
input into a motor controiler 124 including control logic that controis the motor 82 based
on whether the measured ion beam current is greater than or less than the desired ion
beam current. If the measured ion beam current is greater than the desired ion beam
current, the motor controller issues a first control signal 126 to the DC motor to rotate in a
first direction to move the aperture plates 44A and 44B closer together. Thus, the

aperture gap 50 is narrowed, and less ion beam current is delivered to the linac 18.



may be coupled to the DC motor shaft or the threaded shaft 84 to provide
such position information. Figure 4 is a schematic showing a closed |oop
circuit or control mechanism 120 that is used to control the continuously
variable aperture of Figures 2 and 3. The nechanism 120 may be inpl enented
in either software or hardware. Inputs to the circuit 120 are the desired
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J comprises setting the gap 50 of the aperture based on implanter past operational history.

Next, in step 136, the linac 18 is preset to desired operating parameters.
Decision 138 involves measuring the ion beam current with the first flag Faraday

31. If the beam current is within an acceptable range, such that fine tuning of the
continuously variable aperture 30 will result in an acceptable beam current measured
downstream at the second flag Faraday 35, the first flag Faraday 31 is opened in step 140
and the ion beam is permitted to travel through the aperture 30 and into the linac 18. If,
however, the beam current measured by the first flag Faraday 31 is outside of the
acceptable range, such that tuning the continuously variable aperture 30 will not result in
an acceptable beam current measured downstream at the second flag Faraday 35, the
aperture 44 position must be adjusted (i.e., coarsely tuned) in step 142.

After coarsely tuning the aperture 44 position, if at decision 144 the beam current
measured by the first flag Faraday 31 is within the acceptable range, the first flag Faraday
31 is opened. If, however, the beam current measured by the first flag Faraday 31 is still
outside the acceptable range, the ion beam source 14 must be re-tuned in step 146. After

re-tuning the source 14, if at decision 148 the beam current measured by the first flag



utilized for tuning the ion beamcurrent of the ion inplanter of Figure |
based on desired operating paraneters and sensed operating conditions. A
schematic flow chart representing this overall control algorithm 130,
which may be inplenmented in hardware or software, is shown in Figure 5. A
first step 132 of the systemtuning nethod 130 involves closing the first
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provided s dndB@me consuming process. In addition, the present invention provides a much
more direct and precise method of changing the beam current. To the contrary, re-tuning
the ion source is a much more reactive, indirect process that requires an analysis of the
effect of each adjustment before further adjustments are made, and which cannot provide
the precise beamn current tuning offered by the present invention. For example, in a
preferred embodiment, the position of the aperture 44 may be controfled to a fineness of
about 5§ microns (um) (i.e., each control arm moving it respective aperture plate 2.5
microns (um)), which may correspond to a mere .1% change in the beam current. That is,
assuming that the beam current is homogenous across the width of the aperture gap 50,
and, for example, with an injected current of 100 microamps (pA) with the aperture 44
fully open, the beam current may be controlled downward in steps as little as 1 microamp
(1A).

In operation, using the logic of Figure 4, circuit 120 looks at desired beam current,

measured beam current (from second flag Faraday 35), and aperture position (from either

the linear potentiometer or rotary encoder). The comparison of measured and desired



source 14 prove to be not tunable to the desired current output. Next, in
step 150, the injector 12 is tuned for alignnent of the beaminto the |inac
18. Decision 152 involves neasuring the ion beamcurrent with the second
flag Faraday 3 5. If the beamcurrent is wthin an acceptabl e range,
systemtuning is conplete at step 154 and second flag Faraday 35 maybe
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change in the beamcurrent. That is, assumng that the beamcurrent is

hormogenousgasrasektotwidemihgtaperiire ap S8 bu retating §amasor 82 wyrihe other disscigpl e, with
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encoder). EQ&:&%Q&TE?J zllgsa?nnco%ftro{%gﬁa rﬁg cgr%lnu%se e cﬁr‘i:“\% t%e motor to widen the aperture

gap 50. In Figure 6, two additional comparisons of desired versus measured current are
made (at times 13 and t5), and corresponding error signals are shown. This procedure
continues until the measured beam current falls within the acceptable range.

The speed at which the motor 82 is driven, and hence at which the aperture is
widened or narrowed, depends on the magnitude of the error signal and the aperture
position. Thus, in Figure 6 at t;, when the first (greatest magnitude) error signal is
generated, the motor is driven at a faster rate. At subsequent times (tz — t4}, the magnitude
of the error signal becomes progressively smaller, and the motor is driven slower. Also,
as the error signal magnitude approaches zero, the motor is prematurely instructed to stop
to accommodate momentum within the system. As such, the measured current shown in
Figure 6 does not overshoot its desired beam current target but instead asymptotically
approaches the beam current target.

In the bi-section method (Figure 7), at time t; a comparison is made by circuit 120
of desired beam current versus actual beam current. The present aperture position is

determined based on potentiometer or encoder feedback. If measured current is greater
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beamcurrent is nade at | east once each second in the preferred node of
operation. Figures 6 and 7 are graphical representations of beam current
response to the adjustnent of the aperture position using the |ogic of
Figure 4. Figure 6 is based on a first preferred control nethod, referred
to herein as the asynptotic nethod. Figure 7 is based on a second
preferred control nmethod, referred to as the bi-section nethod. In the
asynpt ot ttenriesinedicyriing (et sBywn)acontioksignal 12§ 1agerprated prraropsthgspEiYted by
circuit 120 sed on the difference,between .t | . rent versus
act ual bééPrFB)%éiF?té‘HPg{hFH’émBF éggh?“eadﬁrézf{lﬂ ’eangégri%?%gﬁedicggrgﬁe}tq g?ér%gh%g based on
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error si gpgldifBdntdetRR&! th heeseRPokitiod 20 ahB s fully obbgpsdsitiéh B30.t 1, when the
first (greatest magnitude) error signal is generated, the notor is driven

at a faster ratidtimtsasecenfieamparisorés made by euppit 12Qof dagredhgad wfrethe error

si gnal becones prqgressivel mal ler, and t DL Of. i sl Al so,
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target. position 60 and the original position 20). At time t3, a third comparison is made and

aperture position (40) is determined. As shown in Figure 7, the desired beam current has
been undershot and thus the motor 82 is instructed to open to position 50 (haif the
distance between the present position 40 and the previous position 60). At time ts, a
fourth comparison is made and, because measured beam current is now within an
acceptable range, the aperture position remains fixed at position 50.

In practice, it has been found that by using the continuously variable aperture 30 of
the present invention, the beam current may be tuned for a particular recipe within a very
short time, on the order of 20 seconds. This time is contrasted to that required to re-tune
the source if the continuously variable aperture is not used, which has been found to be on
the order of two to three minutes. As such, the present invention provides an efficient,
rapid mechanism for tuning the ion beam current in the implanter 10.

Accordingly, a preferred embodiment of an improved continuously variable
aperture for an ion implanter has been described. With the foregoing description in mind,

however, it is understood that this description is made only by way of example, that the
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In the bi-section nethod (Figure 7), at tinme t, a conparison is made by
circuit 120 of desired beam current versus actual beam current. The
present aperture position is determ ned based on potentioneter or encoder
feedback. If nmeasured current is greater 10 than desired current (not
shown), control signal 126 is generated to narrow the aperture gap 50 by
rotating the notor 82 in one direction, and if neasyred current is |ess

than del@verRipndspeEhmitedioyihe @articula gmbpdimenisgrserinesigeranpiddhal @giops wi den
t he aper 0 : i I i t.] In
the by - et i B oy B e P e T om
its posidréging@éestdptioh &ithost departingtfrony thetstofe ofape esention faddfiret ®ynixi mum
distance it could nove in the correct direction. Thus, if the

pot ent i offdlosfingelaneauktheir aLValcBS- t hat the aperture is at position 20
(with position O indicating fully closed and position 100 indicating fully
open), and neasured beamcurrent is |less than desired beam current, the
notor 82 is instructed to nove fromposition 20 (nearly closed) to
position 60 (at |east half open). The 40 increnent w dening of the gap
(fromposition 20 to position 60) represents half of the difference

bet ween the present position 20 and the fully open position 100. At tine
t2, a second conparison is made by circuit 120 of desired beam current
versus actual beam current- Again the present aperture position (60) is
determned. In the case of Figure 7, the desired beam current has been
exceeded (overshot) and thus the notor 82 is instructed to close to
position 40 (half the distance between the present position 60 and the
original position 20). At time t3, a third conparison is made and aperture
position (40) is determ ned. As shown in Figure 7, the desired beam current
has been undershot and thus the notor 82 is instructed to open to position
50 (half the distance between the present position 40 and the previous
position 60). At tinme t4, a fourth conparison is nmade and, because
measured beam current is now within an acceptable range, the aperture
position remains fixed at position 50. In practice, it has been found that
by using the continuously variable aperture 30 of the present invention,
the beam current nay be tuned for a particular recipe within a very
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short tine, on the order of 20 seconds. This time is contrasted to that
required to re-tune the source if the continuously variable aperture is
not used; which has been found to be on the order of two to three mnutes.
As such, the present invention provides an efficient, rapid nechanismfor
tuning the ion beamcurrent in the inplanter 10. Accordingly, a preferred
enbodi nent_ of an inproved continuously variable aperture for an ion

i mpl ant er % een described. Wth the foregoi ng description in nind,
however, it is understood that this description is made only by way of
exarmpl e, that tlhe | A varplerapegnre (30nior contmlbiagithe antonat @fioh beath atrrent

enmbodi nmen | hed. herein, and that vario rearrangenents,
nodi fi cat %gsnsgn%st%ﬂg&gﬁ%htlptaﬂtl?rbﬁ%pq%?lu%syis dﬁ%ﬁf’@@“ﬂiﬂg% respect to the
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defined by the followng clains and their equival ents.
vari abl e 4fiB} thieughwigyh ppjondisamynsissesng t he amount of ion beam current
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44B) t hr oapdrtushplatesddd A ocri)eam passes; (ii) control arnms (46A, 46B)

connect ed, res?.e. tively, to said first and second aperture plates (44A,
44B); (iii) an '&Eerﬁﬁ?-%?ra%r? Jeverpeshanisen(303 6 simpltaneayly anpasting yoverpentt | ng
nmovenent :$ad I - 054 e | ONSy; f said
opposi t e (t:i&l %gt@(%rgrr?g Qfgltéﬁlrﬁni; pgggn%rda Fg&%béérc%g)n J?u((:1 E)‘fbglr)ﬁ@odlrgﬁé(g%b%% sagallki ch
the ion bpemepticdasto anaxsdilorst which i 66 Bparh phsvesno adjaitch 2P0 betwednat es
(44A, 44B .ao tlﬁ_ﬁre@/ %Rg&r‘f‘!@th anount o{ current passing thrqugh_ said
aperture %% FROTEHEP A A TR therdyy coBiipt b ampunteeh quarsph pasgne Hapusly i ng
sai d. gap éﬁ@)agiélﬁw()m){éﬂd' ing said aperture drive mechani sm (36),

conprising (a) a first input for receiving a first input signal froman
i on beam cur r efi¥) detélospbleopeoniced syssin (1 20 for adjuiting saut gapl(50)dry dvaaoilingr r ent

said aperture drive mechanism (36), comprising (a) a first input for receiving a first input
signal from an ion beam current detection device (35) representing actual ion beam current
passing through the implanter; (b) a second input for receiving a sécond input representing
a desired ion beam current; (c) a third input for receiving a third input signal from an
aperture position feedback mechanism (116, 118) representing aperture position; (d) an
output for outputting control signals (126, 128) to the aperture drive mechanism to control
the ion beam current passing therethrough; and (€) control logic (122, 124) for determining

said output control signals based on said first, second, and third inputs.

2. The variable aperture (30) of claim 1, wherein said aperture drive
mechanism (36) comprises a threaded shaft (84) driven by a motor (82), said threaded shaft
having oppositely threaded portions (844, 84B) coupled, respectively, to said control arms
(46B, 46A), such that rotation of said shaft by said motor imparts simultaneous movement

of said control arms in opposite directions.

3. The variable aperture (30) of claim 2, wherein said control arms (46A, 46B)
are movable in opposite directions by said aperture drive mechanism (36) in increments of

about 2.5 microns (um).
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passi ng .t hrough the inplanter; (b) a second input for receiving a second

i nput representing a desired ion beamcurrent; (c) a third input for
receiving a third input signal froman aperture position feedback nechani sm
(116, 118) representing aperture position; (d) an output for outputting
control signals (126, 128) to the aperture drive nechanismto control the

i on beam current passing therethrough; and (e) control logic (122, 124) for

determ ning sajd output control signals bhased on said first, second, and
third inputs. 2!.‘- Thelfﬁ%Yﬁré’greeapsﬁéﬁ(g&eof(%w bfvherein gaid feagheckanechenism
aperture dfii1ge119ye6RpALEM {8 pdt ' hyven by a
not or (82){ sai dgj?hrgaded shaf% a\%%&g%Sg%lgg?f%g@g?‘ﬁ&Z%ﬁ%%&%rtgé%?ns (84A,
84B) coupl ed, respectively, to said control arms (46B, 46A), such that

rotation of saigd sh by. sai d tor r.ts, sinultanequs nmpvenent, of said
control arns iﬁ'gppiﬁ‘?‘é@&é@?&gﬁé_&o@@ ’élb&he%méalg bagkangchayiser ¢l ai m

2, wher ei n(198) 8 ehpAlosalrOfir 4R6dertBRbled ¥ i BYaRkealife HRARRIPER) ect i ons

by said aperture drive nmechanism (36) 1n increnents o about crons
(m. 13 4. The variable aperture (30) of claim1, wherein said feedback

mechani sm (1165 118} ¢C I S a_liLne otentioneter coupled to said
control arms (46A, 4 ‘?ﬂg%m&ﬂi’éwgr(?@bcf%gﬁ%‘eﬁ”t EFi 54 amrh@:pgamsﬁlf erein
sai d feedb®i) arechtrictad fromld@aphi®ed) conprises a rotary encoder coupled to

said aperture drive nechanism (36). 6. The variable aperture (30) of claim
1, wherein said aperture plates (44A, 44B) are constructed from graphite.

7. The vari abl e apertyi &4 | @ . ei.n.sai.d control ar 4A,
44B) are water- coolrlgtk}:’.r 8. ﬁ%lagglf/t%@i(g@lrgefjc%er l'{j@g 69363)198?&(11% @4%éﬁbl n
t he angl e grayabstoneled. an axis (51) parallel to which the control arns

nove, and an axis (49) of the gap (50) between the aperture plates, is
fixed on the order of 45. 9. An inplanter beamine assenbly (14, 16, 18,

30) for a high gner gihd RiiableMPLANE§50) oFUnmCO WRkisl AY ‘angle (o)) between an axis
(51) parallel to which the control arms move, and an axis (49) of the gap (50) between the
aperture plates, is fixed on the order of 45°.

9. An implanter beamline assembly (14, 16, 18, 30) for a high energy ion
implanter (10), comprising:
' @ an ion source (14) for generating an ion beam;
(i)  amass analysis magnet (16) for mass analyzing the ion beam generated by
the ion source;
(iif)  alinear accelerator (18) for accelerating the ion beam analyzed by the mass
analysis magnet; and
(iv)  avariable aperture assembly (30) disposed between said mass analysis’
magnet (16) and said linear accelerator (18), said variable aperture comprising an aperfure
(44) through which the ion beam passes, said aperture (44) having a gap (50) which is
varied by an aperture drive mechanism (36) to control the amount of ion beam current
passing therethrough; and
) a closed loop conirol system (120) for adjusting said gap (50) by controlling

said aperture drive mechanism (36), comprising (a) a first input for receiving a first input
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(i) an ion source (14) for generating an ion beam (ii) a mass analysis

magnet (16) for mass anal yzing the ion beam generated by the ion source;

(tii) a linear accelerator (18) for accelerating the ion beam anal yzed by

the mass analysis magnet; and (iv) a variable aperture assenbly (30)

di sposed between said mass analysis magnet (16) and said Iinear

accel erator %ﬂg&g Sald@@ ari abl e aperture conprising .an aperture (44)

t hr ough wii&® an A0 BRAFHRYSEIS delection; agvics &9 )Jrlee%fma;lg Aetblign heagmpurrsn)

which is r ) unt
pY &l pagrgﬁ% i fo)diskta ;%&' %5%163%@ asegggggﬁq&%m&&ﬁu i

of ion beam curren ret con

syst em ( 12G@)siteskiondpas ciments@) d tgainpBi0pr tryeivimya third iimmt sgaalcﬁcaﬂeﬁt ure
receiving a first

drive nechanism (4 I Si fi ut for

i nput 14 éPaﬂgFP%frl@%H ek E%‘ié‘ﬂ l@ﬁatﬂ@e&e@e& hRe dBG e PpsilymAd#esent i ng
actual i Oﬂuﬁﬁﬁfﬂr%ufph&ﬂig coRRSBJifhld (126U) thﬁc 'aﬁ&hﬁ@ﬁﬁ{/e m@@mﬁﬁﬁc&ﬂﬂoi nput
for receiving a second I nput representing desired ion beam current; (c)
athird i rﬁfmwnbéﬁmrcéﬁ@it@m?ﬁglgﬁhﬁmmwghmud (9 |cglr1ta¢1 16gio(1220 1 24)efot deternpoingt i on

out put 1 o REGLE ey Sty Blsch ARG, SR e it BRBcpor t ur o ar i ve

mechani smto control the ion beam current passing therethrough; and (e)

control logic (1122 124) for determ ni nq) sai d output control signals based
on said first, 18ecodde irplgntenbeagnlingassembly (14, Thel§, 3) efitlaim Hedreréin eaid

aoseroly, i ey oger0h u0lopbl i I GLEIILAMAL RREHIAN Sk ol
whi ch t he wihich theam hmﬁqmsesanﬁﬂ mémlsmdmdbluaperahb essepllyt Bopfigsenbl y (30)

further corr]orl ses - ntro 46B) connected,, respectively, to said
first and®SBRYHA Coﬁ'ﬁ 546%} gpg& C?Wﬁxtedil?&ﬂ)em%‘alﬂoéﬁ‘érﬁfﬁr"@déﬁqoﬁé nmechani sm

(36) si Wbﬁ&ﬁﬁ@ﬁﬁre\é (44149844@)%:153& a’ivetlﬁe f(ggj Siftlu1eRd sry ﬁﬁﬁﬁ ite
di rections, eac said opposrte rection el genera y” per pendi cul ar
to an axi Haewmayt tnhaldnonﬂnel armnnbemmneése:s;ons cactupimid gapodite @aqntlbﬁeo)

gap (50) between said aperture plates (44A, 44B) to thereby control the amount of current
passing through said aperture (44).

11.  The implanter beamline assembly (14, 16, 18, 30) of claim 10, wherein said
control arms (46A, 46B) are movable in opposite directions by said aperture drive

mechanism (36) in increments of about 2.5 microns (pim).

12, The implanter beamline assembly (14, 16, 18, 30) of claim 10, wherein said
aperture (44) is disposed inside the beamline assembly and operates under vacuum
conditions, said aperture drive mechanism (36) is disposed outside of the beamline
assembly and operates under ambient atmospheric pressure conditions, and said control
arms (44A, 44B) pass through a plate (34) that forms the interface between the inside and

the outside of the bearnline assembly.

13.  The implanter beamline assembly (14, 16, 18, 30) of claim 12, further

comprising expansible steel bellows (70, 80) located at the interface of the control arms
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passi ng .t hrough said aperture (44). 11. The inplanter beanine assenbly
(14,16, 18, 30) of claim 10, wherein said control arnms (46A, 46B) are
novabl e in opposite directions by said aperture drive nechanism (36) in
i ncrenents of about 2.5 microns (m). 12. The inplanter beam ine assenbly
(14, 16, 18, 30) of claim 10, wherein said aperture (44) is disposed

i nside the anky ssenbl d operates under vacuum _condjtjions, said
aperture dﬁ%\g}é%nggﬁgnﬁﬁ% R §%%/°fﬁ ema@dééet& gRipeyecgEmcqadifansanside theassenbl y
and oper atlesnlind@sseaibdy, &itilcHeFRERIEHE Comt S iHid sai d
control arns (44A, 44B) pae?g t hr ough g pl at eE%S%)gOﬂ%%@y%@q%he interface

between the inside and the outside of the beanline assenbly. 13. The

i mpl anter beanm jpe a 6. 18 0), ,0 i 2, . further . .
conpri si ng expain‘gi bl Jgﬁfg é?nt%réqéﬁ%'\%{gé ?Sfﬁf,“bé'd;lﬂ I)Gcg%g%d?é’% clai 12 nvhsreinsaidof
t he cont r cipednresirve roebbinishGE)) ehthrishea @XdAed oK | O
mai ntai n vacu 0 %i onlg iqns)i dgq)t he beanii neﬁt;@g%ﬁﬂﬁ%@tﬁ#@%é%@ﬁ%% ng
the contr o&%ﬂ%% & PRPIishhthrasdedpertions (B4A, $4B) ¢onpledntespectively] fone
assenbly ( cl.al [ el h, sai apgrture drjve

mechani sm%gd6§0%§g%§fss(§§ﬁh£gtwf Le%hggi g%%ﬁ@??’gsﬂd %}ap&é’ﬁagﬁmﬁmﬁﬂ?ws( 82), said
t hr eaded siwafiltarieaus mgvepedsif s&l oittyl eadeth gpobitodisectiSddd, 84B) coupl ed,

respectively, to said control arns (46B, 46A), such that rotation of said
shaft by said notor inparts simultaneous novenent of said control arns in

opposi te di rectjsons.TﬂeﬁIné,ﬂjﬁerieHrgtml}rﬁgg %f%@@?'%ﬂ%; ?g,fr@‘%k‘&aﬁ&ﬁ ‘%%58‘{11%5‘ 30)

of claim 12, wherein sai ap are cormst rom
graphi t e. 2PgIWrEdateniditAnd4B) dre aomstmeted foenbiaphitd 4, 16, 18, 30) of claim 12,
wherein said control arns (44A, 44B) are water-cooled. IT A closed | oop
control system (120) for adjusting the width (50) of an aperture (44)

through whi ch a®.i orTHeARPIMeE $EEmIi: AlerhoN (ilml@mé,?o%%%rﬁ 'i‘z-%ﬁ’e?éintsgld
control the ion beamcurrent, the inplanfer including a beam curren
det ect i on “QBUPIAMEEEIA, 44B) apwpterieelesbsi ti on detecti on device (116, 118),

and an aperture novenent nechani sm for

17. A closed loop control system (120) for adjusting the width (50) of an
aperture (44) through which an jon beam passes in an ion implanter (10) in order to control
the ion beam current, the implanter including a beam current detection device (35), an
aperture position detection device (116, 118), and an aperture movement mechanism for
imparting movement to the aperture (44) to adjust the width (50) thereof, the control
system comprising:

(i) a first input for receiving a first input signal from said current detection
device (35) representing actual ion beam current passing through the implanter;

(1)  asecond input for receiving a second input representing a desired ion beam
current;

(ii1)  a third input for receiving a third signal from said position detection device
(116, 118) representing aperture position;

(iv)  an output for outputting control signals (126, 128) to the aperture movement
mechanism to control the ion beam current passing therethrough; and

(v) control logic (122,124) for determining said output control si gnals based on
said first, second, and third inputs.
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i nparting novenent to the aperture (44) to adjust the width (50) thereof,
the control systemconprising: (i) a first input for receiving a first

i nput signal fromsaid current detection device (35) representing actual

i on beam current passing through the inplanter; (ii) a second input for
receiving a second input representing a desired ion beam current; (iii) a

thi rd I nput ot 1gece ot KR (PIGIRLLLAGH 3 eemsa@)apg Dyietection

device (116, 118) representi ure positi

out put t i ngMeokANiss: ctsngm&'!:ls 8 ridto?@2) d2Bhg baptingre AROE tittBariRY rktald dReani sm
to control ,the |q@P .current passing therethrough; and control |ogic
(122, 124) F5F° WEFEARTHPHRE SHPdediarpidaperwme(4f) by mernsof porfend atms (464, d6B).r st |

second and third inputs. 16 18. The control system (120) of claim17,
wherein said aperture novenent nmnechanism conprises a notor (82) driving a
aperture drive h®chafhseant®b}ysteai(R0petzim é7, whdrvia saﬁ@bamz@rahbel ng coupl ed

Syst om ( 1207 it GPhe o RGRanRaachah i Riiven biamesor (Rebisaditamndaiopan

conpri ses havi @ipé@iﬂel aatid shaft
ha\r/rlpng opp05|¢gﬁé thrZaded eg%?’%tfdg‘?\gy% @B)Qo cou%’ggavelfgés%é% 5%(??}?"

sai d cont r @eBad deibat wEipn of aﬁuﬁl sluafaby seod atqtmrnnmﬁrtsﬂnniltaﬂmhﬁ moyemaitd
not or of said control arms in opposite
G "o

di rectl on %0) of claim 19, wherein said aperture
drive mechanism (36) noves said control arns (46A, 46B) in opposite
directions in increnents of about 2.5 mcrons (m. 17 Abstract

CONTI NUOUSLY VAR AL Ehegsmfrpl mystem (120) of claim 19, wherein said aperture drive

mechanism (36) moves said control arms (46A, 46B) in opposite directions in increments

of about 2.5 microns (um).
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FOR H GH ENERGY | ON | MPLANTER A vari abl e aperture assenbly (30) is provided
for controlling the amount of ion beam current passing therethrough in an
ion inplantation system (10). The aperture assenbly (30) conprises an
aperture (44) defined by opposing first and second aperture pl ates (44A,
44B) through which an ion beam passes; control arns (46A, 46B) connected,

respectively, to the first and secoggS ggggure pl ates (44A, 44B); and an
aperture drive mechanism (36) for sinultareously inparting novenent to the
control arns in opposite directions, to adjust a gap (50) between the

aperture plates (44A 4ABmdhd Q{Qg@#?ggg pEd@ount of current
44). Each of t op

passi ng through the aperture ( e posite directions in which
the control arms noveFPE HeRBrBNERGEeBENdMELGRPELER0 an axi s al ong which

t he i on beam passes. A control tem (1,2 is _al.so provided faor
aut omat i cal | éﬁ?ﬁi?ﬂﬁﬂ”ﬁﬁ?gﬁﬂgViﬁﬁés83%1Eg§¥°85§@§n%'mzpﬁ%h ggﬁggFggenting

act ual ic%ﬂegﬁ?arﬂiﬁ B oR@S B Adoh HhAHAR ST S/slciD 18N Bhe afteiGid REeohisln (RHam
current, and ‘aperture position. The control system (120) includes control
| ogi ¢ (I@prised)n fmerture @épiefineg bylpppsipa fisst andisesand aparivagplegnttot, 44Hnal s
|(:|1 SE;. elitzﬁ%o&g 1 \E’itligh %P %rntb%rar% p%gsie\é;e conrgr%?g]r?rgsi (ﬁ@\f 2633%0%?1%0%&%63%@&”6%, %o HEP-
first and second aperture plates (444, 44B); and an aperture drive mechanism (36) for
simultaneously imparting movement to the control arms in opposite directions, to adjust a
gap (50) between the aperture plates (44A, 44B) to thereby control the amount of current
passing through the aperture (44). Each of the opposite directions in which the control arms
move is generally perpendicular to an axis along which the ion beam passes. A control
system (120) is also provided for automatically adjusting the aperture gap (50) based on
inputs representing actual ion beam current passing through the implanter, desired ion beam
current, and aperture position. The control system (120) includes control logic (122, 124} for
receiving the inputs and outputting control signals (126, 128) to the aperture drive

mechanism to adjust the aperture gap.

Figure 1
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