27 August 2003 METHOD AND SYSTEM FOR OPERATI NG A VARl ABEZRAUARERBIBE | N AN
| ON | MPLANTER Rel ated Application The followng U S. patent application is
i ncorporated by reference herein as if it had been fully set forth: U S
Pat ent Nunber: 6,207,964, filed on 27 March 2001, entitled Continuously
Vari abl e Aperture for Hi gh-Energy lon Inplanter. 5 Field of the Invention

The present inventi S l.on_inplantation systens and
nore particularly mf@]ﬁdﬁﬁiﬂg ﬁmﬁbﬁi QB&'R@H@IQAMH abl e aperture
for use in such syMARIABIEIAPBRIUBE INANKON IMPLLANTER! ant ati on has
beconme the technol ogy preferred by industry to dope to sem conductors with
inpurities in the |arge-scal e nikeldtedt ApplieatibAt egrated circuits. High
energy ion inplanters are used for deep Inplants into a substrate. Such
deep inplants aﬁy}ﬁ-ﬁf ﬁle Ui r to create, for exanple, retrograde wells. Eaton
GSD/ HE and GSD/ VHEHERE ‘I PAlRiarslicatian isdnspppasatedby wlastnch hephinan diighad

i mpl ant er s been fliREREfOHAAY 8NER, P | o) ns. at _energy |levels up
to 5 MV (mlli gﬁsge_l ectron e_lvgfl';ls Qerkf’@é’gggttgﬁcpoﬂ\%a&ﬂ?%%@mill, 15 assi gned
to the assFififled Gomtinypasly\asiabie Apasren fordfigh-Eatgp I@dnpdantdri on, and descri bi ng
such a high-energy ion inplanter, is tncorporated by reference herein as

if fully set forth. Typi-cally g %5 tscare performed on sem conduct or
substrates in prescribed seri esF%mD fﬂ&%@%@ reci pes. Each series may -
i ncl ude several recipes, each of which requires a particular |evel of ion

beam current. Clihe gresenreitencion odlatesl jgusdriliotct 1R infMlakRRN Seh€MndfBbre 20
different reci es involét\f/?ﬁs (?n initial tuning of the ion beam source for a
particul ar PF@@@F Yof @ @p¢ Pyalsm fopeperating A variable apprtre frassiasndtesytems.any
subsequent different |evel of beam current. Such a nethod, however, can be

time consuming and is nost gkl 'ﬁ‘nﬁo nven§fyy ' €ci pes involving a
osphor ous

comon species (e.g., boron or are connected in a series
chain. The.tinme_saved by running recipes in series is offset by the tine
required to re-lopsimplgyationehasobecomenthewselmolanyi preferret t by snduseyviotdopet i | i ze

a vari abl Y schieSihuaBRWitt ifphfid T 18 9arb Rl A LR A bR e ety High-
' ~ energy ion implanters are used for deep implants info a substrate. Such deep implénts are
required to create, for éxample, retrograde wells. Eaton GSD/HE and GSD/VHE jon
implanters are examples of such high-energy implanters.” These implanters can provide ion
beams at energy levels up to 5 MeV (million electron volts). U.S. Patent No. 4,667,111,
15  assigned to 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-
20  different recipes involves an initial tuﬂing of the ioh beam source for 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 detrimental 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-
25  tune the source between recipes.

It is known to utilize a variably sized aperture in an jon implanter beamline to allow
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| 27 August 2003 one or nore than one isotope of a desired ion to pass
through the aperture and be inplanted into a substrate. QUchugitapesture
is shown in U S Patent No. 5,130,552, wherein the aperture size is
predeterm ned for each ion inplant process and adjusted accordingly. It is
not known, however, to provide such an aperture in a high-energy

I npl antation system Nor is it known 5 to provide a control circuit for
such an aperture using ion beam current. feedback to, perm dynani c

2df usenent t ndpegiiofia e nOR: B 5P pf REpRttraun R aReren s irdmblaptee
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I npl antation system It is a further object of the 1nvention to provide
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signal to fhe tepmntidela ceytsil @rruiSonsmh yn apertuneudingien beamncuireny et dtnclatnchepmit hod
are provided for oge at i ngthtg vairi abl e aperture for adjusting the anount of
i on beam cur r éMPEHE SURHRCEHEFE R ough in an ion inplantation system The

system 15 and met hodis @@ribfdcs 6f i PG inhnaS thed, td blovitRasiiiphtiell ABuBGKE
current at an i | anter  locatign using a current detector; 1) conparing

the nmeasured i#B#5emussintbnbeagpling obangan impplantatios sygemmitde £ olfi¢at pj the
outputting a : ' : CORBE | t ion
beam current \(;i\n&tr&%ﬁ?lhtg%drg?% Se&deﬂ?lggdjgéggtﬂr# %pl,? rrent fﬁ%ﬁfgaﬂ%éﬁgr ' u@fi}(ﬁﬁg’ﬂ;&aﬁgﬁp
t hr ough wHOch systém.odigly veba fistenrhiagde pravidt avbicthod iof camfallireisuoly anpgiustabig

first and sec ture. plate 20.in response .to t ontrol] signal to
control the a%ﬁ%ﬂﬁgﬁhe?%ﬁl o5 ?%ﬁf?“gﬁt“sﬁ‘%&ﬁpfﬁaﬁa?ﬁfé%ﬁr ﬁrtg%‘é%?r"llﬂ'éte%ur rent

detector provides ion beamcurrent feedback, and a position sensor may be
utilized to provide aperture posStimmaiyeftiecknvekitiorsyst em and net hod
provide a -quick, direct, and precise nechanismfor effecting significant
changes in ion beamcurrent w thout requiring re-tuning of the source. The
gap of the aperturé""iy%te‘é‘d’}]@lg’teg‘ﬁliémipﬁwQ?grf@r@ﬁ‘iagng??r’@?lea%@fe%f%ﬁlwgw(n).
Brief Descri pti@AntQff idsRalcan? gsihl Hefelurdughin & oh Biflafi&fchlsfiidh, PhAPstiihewW

of an ion inplanter incorporating a ]
15 and method comprise means or steps for (i) measuring ion beam current at an implanter

location using a current detector; (ii) comparing the measured ion beam current with a desired
ion beam current; (iii) outputting a control signal based on the comparison of the measured
ion beam current with the desired ion beam current; and (iv) adjusting a gap, through which
through ion beam passes and which is defined by opposing first and second aﬁex’cure plates,
20  in response to the control signal to control the amount of ion beam current passing
therethrough. The current detector provides ion beam current feedback, and a position sensor
may be utilized to provide aperture position feedback. The system and method provide a
quick, direct, and precise mechanism for effecting significant changes in ion beam current
without requiring re-tuning of the source. The gap of the aperture is adjustable in increments

25  of about 5 microns (um).
Brief Description of the Drawings

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

continuously variable aperture constructed according to the principles of the present



continuously variable aperture constructed according to the principles of
the present 2 27 August 2003 invention; Figure 2 is a perzpaagusieods ew of
t he continuously variable aperture assenbly shown in the ion inplanter of
Figure 1; Figure 3 is a plan view of the continuously variable aperture
assenbly of Figure 2; 5 Figure 4 is a circuit schematic showing a contro
| oop mechanismthat is used to control the continuously variable aperture
of Figures 2 andn@en;Figure 5 is a schematic flow chart representing the
overall control algorithm utilized for tuning the ion beam current of the
ion inplanter of FFgure it a pompentive mewmf deoohtimdusip sarblernpeipar asvetblys, whi ch
i ncl udes the a erturﬁ contrpltnﬁﬁpaniinlof Figure 10 4; Figure 6 is a
¥ P& e

gr aphi cal reprseosvgh’tnat Sh 1P BHF ent response to adjustnent of the

control | oop mecharigure Dfs alplgiew éf thba&RRueR 1 afibbIS bpdfued Atdnily soMEERL;
met hod; and Figure_7 is a graphical representation of beam current response

to adjustment of EHErCHIECHEUE grhpm QY{ing i contradilopprraechanigp thalisymsedtos econd
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of the Invention A cross sec an vie i'gh-energy ion inplanter
10 is shown in Fi gifigurel’ is aBhleeniatip flawtobart tpresenting itlsawefall\centsd atgodthm or

subsystens: an_.i.njector. 12 i.ncluding anp ion. _source .for. producing an ion
beam and a nas¥ k%éﬁigtﬁ &@f‘@g eglﬂlék’ cac epp?%g%logﬁlg%ﬁt%%‘r%f%e 1’&3?1‘%@&m a
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20 resonator nodules 20 for accelerating the ion beamto a higher energy; a
final enerlgy rf‘agnet (FEM 22 for performng final mass anal ysis of the

accel erated ion begigurds {sGRAphRial RPN SnMion %ﬁbéaﬁ{c%ﬂ'gﬂ%spaﬁs%% Q&jha&emg

conditioning of the 1on beam and an end station I'ch cont’al ns
rotating di sc thecosietlppmumehinismsof\Riguee bdasedpnarfiredréforedroniradmmdsiesiypnd

Positioned after t . VS] at the entrance..of the_inac
18 is a continuous vegftlﬁgdtﬁqgﬁlg%g}re i eg%@ggggee ?u?egﬁe%%f’%ehoflﬁﬂ% Fong to
control the anbeentroflobpmetimainmoafifignt 4 \Wasedonpassed pfef@rad colgol iRsisodanal ysi s
magnet 16 to the linac 18. Located imedi ately after the continuously

15 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
souxce 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

20 resoné.tor 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

25  assembly 30 which functions to control 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 jons



variabl 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 |inagz aAlhet DBss

anal ysis magnet 16 functions to pass to the RF linac 18 only the ions 3 27
August 2003 generated by the ion source 14 having an appropriate
charge-to-mass ratio. The mass analysis magnet is required because the ion
source 14, in addition to generating ions of appropriate charge-to-mass

hat *” dosi roa Eene i APRT sordURRURL aP ol RRER IR A0S PO TR A e
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the mass anal ysis magnet 16 and the RF lihac 18 is shown-in greater tail
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mechani sm 36, residing genera xterior o € nounting pla
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| npl ant er beani.i,n erat es, 20 under, v u ditions, and the
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at nospheri ¢ prigsistbeam phér to UMbt iflodhSwater. cool ed by means of a cooling
medi um (such as water) which is carried by internal channels via inlet 38

and out | et!540. The Thpeqniippqusly yatabieapsriyre 30 dispaspd betweenfhejnass ihalysishaanet 16
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conprised of aperture ate 44A an 44B
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
20  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
25  aperture plates 44A and 44B are attached to stainless steel confrol 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
30  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



25 aperture plates 44A and 44B are attached to stainless steel control arns
46A and 46B, respectively, by neans of fasteners such as 0rfewmisBl03The gap
50 between the aperture plates 44A and 44B (see Figure 3) defines a space,
havi ng a | ongi tudi nal axis 49, through which an ion beam may pass during
operation of the ion inplanter of Figure 1. As explained further

her ei nbel ow, the aperture drive mechani sm 36 noves the control arms 46A and

46B 30 tovvardwgﬂﬂ ey vdbomeRch other in a direction parallel to axis 51
to vary the of the gap 50 between aperture plates 44A and 44B. Axis
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46A. Thus, the entire block assenbl noves in a direction
parallel to aﬁisn@remenmlmp@m&ﬁm Wpek @‘l‘éhlph Hlisler alpag theean way 56, shesehiydmpating t he
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72; block 72 is fixedly attached to bl ock 74; and bl ock
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

20  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, théreby

imparting corresponding axial movement to block 72 and the control arm 46B. Thus, the

entire block assembly 72, 74, 76 moves in a direction paralle] to axis 51. An expansible steel

25  bellows 80 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

30  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
direction parallel to axis 5 1, novenent is inparted to twpghg&ﬁzgwach
slides along linear way 54, thereby inparting correspondi ng- axi al novenent
to block 72 and the. control arm 46B. Thus, the entire block assenbly 72,
74, 76 noves in a direction parallel to axis 5 1. An expansi bl e, steel 25
bel lows 80 is provided at the interface of the control arn1468 and t he

exterior of the .nounti 4.1.0 intain um_con on t
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shown) . As suglutidoedit hr eaded shaft 84 is secured at its ends to the
nmounti ng block 52 and the nounting plate 34 while being permtted to

rotate bi-directiof Pptesi83is cenpied tg the thpgaded shaft B4 bymeshy of ¢hafl caprling 88.
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first threaded portio Aand €S d threaded_ portion B are
opposi tel y t hrF&dey, es é‘t‘:#&ﬁﬁemﬁary phg ’Q’ﬁr%&’aeﬁﬁ"éﬁ%‘i"fe%%%a feliép Hipek The
assenmbly 62, Glﬂockﬁﬁsérﬁblﬁgﬁreddobﬁé‘&é&ﬂ tmrﬁgdﬂeedwet QnBl HmS 45A ANUCHDVESs H}B
bl ock assenbly 72, 74, 76 in an osite direction parallel to axis 5
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and 46B. Thus, qug){”% Age

operating the rm%%? g(ggl% P ﬁglaé\{%ﬁ?go rq%{geﬂgjargge‘}ruﬁ%thg;%%%&éﬁa and 44

smal | er or | argenrdoy awey frowg ebdheotliag. et this engphat ios bédd\craredt phéding through aperture
44 may be adjusted. The aperture plates 44A and 44B may either overlap or abut each other

in the closed position to insure that no beam current passes therethrough. In the preferred
20  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

25  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 46B are cooled by a medium such as water.
Control arm 46A is provided with a coaxial construction utilizing an inner sheath 92 into

30  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 may be adjusted. The aperture plates ZAAugwt 2848 may
either overlap or abut each other in the closed position to insure that no
beam current passes therethrough. In the preferred 20 enbodi nent, the tilt
angle a defined by the axis 49 of aperture 44 and axis 51 is fixed on the
order of 450. An alternative to the notorized threaded shaft assenbly
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Alternatively, a rotary enco
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 jon
beam current measurement provided by second flag Faraday 35, and an aperture position
20  indication provided by the linear potentiometer 116, 118, The outpuf 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
25 50 milliseconds and is stored in a software database. The output of the comparator is
input into a motor controller 124 including control logic that controls 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
30 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 notor shaft or the threaded shaft 84 to provide
such position information. 15 Figure 4 is a schematic sho®f Aggest@losed

|l oop circuit or control nechanism 120 that is used to control the
continuously variable aperture of Figures 2 and 3. The nechanism 120 may
be inplemented in either software or hardware. Inputs to the circuit 120
are the desired ion beamcurrent as defined by the particular reci pe being
run, an ion  Deam giufon!irfRARUEREE N R kided daxss%ﬁrﬁﬂﬁgdésh@@loﬁ%fagay 3%,
and an aperture position 20 indication provi e 1 near potentioneter
116, 118. The coueputhe glotar hentrillecigiies 4 2€¢ond COImObmg;ttaﬂ 428 witheBIC matosto gstales

rovided to t to co cont r ol ns, and
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Thus, the apertu[ gﬁégﬁ 50 is_narrowed, and | ess ion beamcurrent is
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controller issues a second control nal 128 to t notor to rotate in
a second di red’rfis‘éﬁiw"(f@)ﬁﬁ}@wﬁlénf’rwfeﬁ r& rgisiepd32 ofthe systenpueing metimddBo ur e

pl ates 44A and,,#448 {4 Eﬁl%%%’ﬁs!gtgﬁr&%ma §Id bl%%%{t §§1|gttﬁje,r§a th 50..i ?sftﬁnehdene

and more ion beam curre el1vere | i'nac i y, the
not or cont r ol Ibeam1B4s kimwpriovhedeg atthé focation: mmﬂtawlyed@(a:&tréal@ﬂfﬂhee&hﬁhﬁ&fus@ gnal

fromthe ljnear tentro such, the control circuit 120
oper at es iR o Ve %@%ﬁn&ﬁ?ﬁ%ﬁnﬂeﬂ'&% éé?é?‘is@%%@ﬁla?wq@dcﬁﬁﬁs%tw&?hﬂ gure
4 is part of aBmpMessabttingMBighP50 8f HO bR 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
20 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
25  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
30 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 1
based on desired 10 operating paraneters and sensed oper aji Rggue@pghd i ons.
A schematic flow chart representing this overall control algorithm 130,

whi ch may be inplenented in hardware or software, is shown in Figure 5. A
first step 132 of the systemtuning nethod 130 involves closing the first
flag Faraday 31 by positioning the flag in the path of the ion beam as is
known in the %rt, at the gocatiolg i mredj ately downstream of the
continuously T8ragaris Fiha hpeiceriptie myse fhrhirst flag Reradgy 483 operd- Bobovevsh of
the aperture 4 fesmRifeRimeaMibObY the BRP HbS PRGNl Hsi@PRe 2QeRhuit Ne
aperture based on inplanter past operatlonai'i i story. xt, 1nm'step 136,
the linac 18 irmgpribswn beon desis Ednugegan bag-pasdansteprids. Taclosp proviid8by

i nvol ves nmeasuyfin he .i,on beam current with the first. fl.ag Farada 1. If
the beam curr eS% s ?456t alelngtlﬁ?hs %ﬁlnﬁgégﬁwgasr% & OUIE AR g s %Oﬁ@e(?%ﬁﬁ‘?gtg%f
the 20 conti nuowsd Y4 povd dle@otpaiiietoahsfesited turfe@tstltputi N an accept abl e beam
current neasured downstream at the second flag Faraday 3 the first flag
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result in 25 ab am current neasyr downst.ream at the second
flag Faraday 31?& a&fﬁ%’g%‘:ﬁ%‘# ﬁ%ﬁbgmggfyégﬁaly}bgﬁperﬂ? tﬁgléo“é%eﬁilfegbga'('ic}’g?r} 4r sel y
t uned) i n 18t eprittdiPthe Afdepiable aaips chy agentite i @p 50 enBpey finertendtat pepisé oy, if at
deci sion 144 the bea{g&urr nt . nmeasured by Elhe_ first flag Faraday 31.is

within the acd@pkigite flogegdoopeirgui oy coptrol rephpysm 42 of Hguted. Hsemiesicirquft,

however, the hegi dékel &oh, M asruRbdRNioh a1 b Eéftin{lnl)@% daflspd tidhe itasdidd | 30

outsi de the acceptable range, the ion beam source 14 nust be re-tuned in
step 146. Aft &campeprenyal sgeendiilag Fetadae3slis within the acteptable sange 481 thispoinsam

current neasur, : ' f [ s . within the
accept abl e rar?gg?p%l'ﬁ%&fqls %ésl%a%ﬁeaag&%)a?%%9%%?@%%%%@5@@%@R%%’eexl}%&r', t he
beam currdit measuBydising thehmethod sftFifira, siarifaachafgds $n tikiidd beatitchirehet nidye
acceptabl e range he ion. beam.source .14 muyst again be re-tuned, in step
Ta6. "The 1 oop 18FBFKhGEeasyPIsRECRLAoDs GHaE Brdoh Sif, Whith MR e DR o
time-out mechamichHmdrs tife @Ynstfthpsitestsel hhgdition, 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
20  effect of each adjustment before further adjustments are made, and which cannot provide
the precise beam current tuning offered by the present invention. For example,ina
preferred embodiment, the position of the aperture 44 may be controlled 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 bearn current. That is,
25  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 (nA) with the aperture 44
fully open, the beam current may be controlled downward in steps as little as 1 microamp
(nA). |
In operation, using the logic of Figure 4, circuit 120 looks at desired beam current,
30 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



5 source 14 prove to be not tunable to the desired current output. Next, in
step 150, the injector 12 is tuned for alignnment of the begmidise20de | i nac
18. Decision 152 involves neasuring the ion beamcurrent with the second
flag Faraday 35. If the beamcurrent is within an acceptabl e range, system
tuning is conplete at step 154 and the second flag Faraday 35 nmay be
opened. |f, however, the beamcurrent is not 10 within the acceptable

range, the ap | he- ' ki ng the
cl osed | oop c?éagrgl&tﬁwg?ﬂgg%g? %%@%ﬁ%@?ﬁ#@?g@%ﬁ%ﬁﬁé& %ﬁ Ogégéar%}s@%' circuit
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accept abl e raﬁgté? awgﬁﬁogﬁlﬁgflﬂfigtheg%? %ﬁ}g‘ffﬁf"ngf@? @6%@1%%55“&%@@54 and
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y D
wi t hout re?t uffcAR Prsiried pondiglmeibod. ipfered (o the tisersionimsthode” a  nuch nore

time consum ng progegs toBIHetoq t I.on provides a nuch
nmore direct and pr eg;ﬁsaesyiﬁgtohog{eg*oagﬁﬁﬁ%mgﬁﬁﬁgabaélé%\égﬁkrr‘ag Stg%nefgt#ﬁ%
contrary, re-tioowtigo based ohdhre differeme biesvean theclesiradibearh eagdrit Versus 406kl RGin
process that &g_raeu'r S an s of 20 .ef f.ect, of each adj ust nment

nal ysi s / t.hg
before furt hef R uSTHREARTE RPERRARHOS fetgpmingl hased R Pofsbomglsr oneneodst eci se
beam current festbael. Hfnianeed Oirehiie cRAREMIRE désH¥e BN nolMowaX 38Rt sighfl @
preferred 8nb?%dnent, the position of the ag‘zrtu_re 44 may be controlled to
a finenesd?of 120M58a1eraiediotiappY thsApprivre gap 50 byrotatiag thermatot§ninene dinegtipe,
respective apgid thRadihrdd GrréntIs 164 W) (ﬁ%ﬁ B PL to a
mere .1 %change1 in the bearri% Sclgggrtg%&%at |egt, Ja@éum ﬁggléh%gwge beam
current is hogengeatsiie wadandhsapetiere\gap 60 by fotdting tepmotbusZingbpothé direativeh, f or

exanple, with | D] eck rent of 100 m croanps. (A).wth the aperture 44
fully open, t ggi?)derg gsg%oﬁffg% a%{arﬁg@(e?ec%ﬁ??ooﬁ%‘f“e e?%ﬂ‘/\é‘?%ﬂﬁhag ferminejthg ¢ | ¢
as | mi cr oanppregok} apertarcqesitiai iadthe esinied Bguited@patudd pdsitpr € 4, circuit 120
| ooks at g sired beamcurrent, 30 nmeasured beam current (from second flag
Far aday 3 5 and apEYPERePRBEKIAE ong FesAndernlpss atter thae 11, afeeond sHoEsigad ifet er

or rotary encgéRfaed ahigfi BRAO Sigkhl 958 ERARNMRY dANAHE B tdr 8wl Zhe’%ﬂgljdﬁg 2003
gap 50. In Figure 6, two additional comparisons of desired versus measured current are
made (at times t; and t4), and corresponding error signals are shown. This procedure
continues until the measured beam current falls within the acceptable range.

20 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 tirﬁes (t2 — t4), the magnitude
of the error signal becomes progressively smaller, and the motor is driven slower. Also,

25  asthe error signal 1ﬁagnitude approaches zero, the motor is prematurely instructed to stop
o accommodate momenfum within the system. As such, the measured current shown in
Figure 6 does not overshoot its desired beam cuﬁent 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

30 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

10



beam current is nade at | east once each second in the preferred node of
operation. Figures 6 and 7 are graphical representations of Ab@atP00s r ent
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 5 second
preferred control nethod, referred to as the bi-section nmethod. In the
asynpt oti ¢ methadietiRideuEEnt @t sBbwil) SRtbiksi@l S iQEeH%}agéagL ho 0 EGHE d by
circuit 120 based on the difference between the desire eam curfent versus
actual beam ¢ap p@hyY rotafing thrmetens?2 inpee timectioposd if rosesirsd catear iwilee thahased on

potenti onet er . ro. feedback., |f sured cyrrent i.s greater an
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the aperture gaptigkhbyholcdBatin thg otHaedirgtied. 82 in one direction, and if
measur ed cyrrent iilblhg;s than desired current (Figure 6), control signal
128 is generated UbhPHEHRIpHEeRAE e pelogdhisTrsimgied rmeverthe mesurediam 1182 | n
the other dir @gkitiGat t; HREISHHE aﬂ?%hﬁh?@rgs%gpﬂﬁme%xintﬁﬁn HiGd esi?célﬁ'@%m'\[f%e
control circuit 120 can determ ne the "present aperture p03|?|on and the
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second or |es [ Al L yses econd or, si.gnal is ner.at ed d again
control si gnals“t %g%goigt(%éémf%’ @%ﬁk?8t‘1{%fl¥rﬁlPﬁfF%P@P9al%@rﬂ%ﬁﬁ% I%f’ﬁ‘é‘glﬁﬂg’e gap
50. Jn Fi gur e ofen)t mel racksired beadd cueeafialdsshas d@iredBsind @eed€ B USotHERSy I ed
current ar t3 and t4), and cqrresponding error signals are

maglg‘ Ej‘é t tine ! o
shown. Thi1§ prG} &5’ Mo RRUHGRAY (Rearly s aretideupesfiandiiridenst balf orrea) | s
wi thin the aco@ptophcfernichd@fieni of 1R AP ERM: Absitthiiho gsmkg%d}%ég%eg{r%eﬁéhﬁf% en,

and hence at which the aperture is w dened or narr s on
nmagni t ude of ithgdifferense befwaeatheamesentnesitipe 29 andethe filyioperopositibnuéy. i n Fi gure 6

at ti, when the finst: r Y [ si.gpal.,i s enerat ed, the
nmotor is driven at Azb ag?g?&%g{lg. i%ﬁ Sgsryu%gr}ea(ﬁlgéggu%ui“nlgg okfl ngg?ag)guqeﬁte
magni t ude of vefses axtuabbeasi gneht. begaimtbs presay estatewisiios (6Y) ivdeteraii@d! Bethgot or

I's driven sl ower. SO 5 as. the error signal nmagnitude approaches zero,

t he not.or 1|§s ﬁ?se?rﬂgﬁlfﬁ”éef Z,%l?ﬁh(g’flf B YEL B % : %’PB YA EEm wi t hi n
the system Asndercd is ild€udiBpsd I8l topdk#iBR 10 AROMA: diftandsitdifein fhedp&entnOt
overshoot its desired beam current tar%et but i nstead asynptoti caﬁll y

approaches t h@oBEamPindtanerigioal gasition 30)t Hétiie s & diitdonmpendeods pricpude 7), at
time ti a Comﬁéﬁﬁé’ﬂoﬁtﬁm@@ﬁs Bdftermlifdali As shiéPn in Figure 7, the desired beam current has

been undershot and thus the motor 82 is instructed to open to position 50 (half the

20  distance between the present position 40 and the previous position 60). At time ty, 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

25  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 jon beam current in the implanter 10.

Accordingly, a preferred embodiment of a method and system for operating a
30 variable aperture in an ion implanter has been described. With the foregoing description .

1

in mind, however, it is understood that this description is made only by way of example,
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30 of desired beam current versus actual beam current. The present aperture
position is determ ned based on potentioneter or encoder fegdhatrood f
measured current is greater 10 27 August 2003 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 neasured current is |ess
than desired current (Figure 7), control signal 128 is generated to w den
the aperture sorli § t { Ny irection 5 1In
the bl -seot i ontmer ook ]tk RbaP b Rpls Ehso Mol it r o
its positionvatous Gearangenotsi mpdificztions, 2ndiibstitutieny rescit impleadchtetl Réthmaxi mnum

distance it c d e. in.the correct, directjon, Thus, if the = |

pot ent i onet er 9.%&#) ok %ﬁéﬁ fresoing (%gﬁrkpélo? RAPoTtdapaiing frofp dhe ssopgof thedpysngan o9
(with positi odefthedmelitieabiltging dlalis fldardfeq@andidagasi tion 100 indicating fully
open), and nmeasured beamcurrent is |ess than desired beamcurrent, the
notor 82 is 10 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 beamcurrent. Again the present aperture position (60) is
determned. In the 15 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 tinme 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 20 di stance between the present position 40 and the previous
position 60). At time t4, a fourth conparison is nade and, because neasured
beam current is nowwithin 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 25 short tineg,
on the order of 20 seconds. This tinme is contrasted to that required to
re-tune

12



the source if the continuously variable aperture is not used, which has
been found to be on the order of two to three m nutes. As2BHGdust 2OE3
present invention provides an efficient, rapid mechanismfor tuning the
ion beamcurrent in the inplanter 10. Accordingly, a preferred enbodi nent
of a method and system for operating a 30 variable aperture in an ion

i npl anter has been described. Wth the foregoing description in mnd,
however, it is understood that thi's description is nade only by way of
exanpl e, 11 27 August 2003 that the invention is not limted to the
particul ar enbodi nents descri bed herein, and that various rearrangenents,
nodi fi cati ons,Clatds:substitutions may be inplenmented with respect to the
foregoi ng description without departing fromthe scope of the invention as

defined by the follow ng clai and. their. _equivalents. 12 27 August 2003
Clainms: 1. A method: of gd‘é?‘%ﬁdi%ﬁal_’f‘éa%ﬂi"a’fsﬁbiﬁ RELHE &Dﬁ‘{s@)‘ﬁmgﬂw&m%&qf & t he
amount of i on bebgabirél pisRk (HRAERLAEh ihREIRHMHEHBR Ksitth (16 bR

pey
system (10), caonprising the steps of (i) measuring iIon beam cu‘ﬁ}g’teﬁ%ét% an
i mpl anter | oc&ion using a current detector 5 (35); (ii) conparing said

measured ion beam gyrre Lt h. i I ; mcurrent:. (]l
outputting a contrgﬁ sig%§¥k%€5@Pg%§§%£%%gg@1%ﬁg?ﬁgﬂ%%ﬁ%gﬁP§gﬁmﬁ%nggf%Pr
measured i &n H@3®m current with said desired ion beamcurrent; and (iv)
adjusting a gap (50), through which thraqu i on beam passes.and which is
10 defined by oppog'i)l)ng PITPRAFING 4 Mspig 18’% P iTuErep ‘g{&tlggaf(sga%\l,onbgm currgpt;

response to said cgii) r obutpstiggal cohRolCapkdl ¢l 26, NogRERN tonOhe ORI FULIENt
passi ng therethrough, 2. The nethod of claim1, further conprising the step

of det er mi ni nd"¥AEcd j93dpan shrest withisyd detired igrcbegmpuarenty amln,  44B), and

wherein said step ef) ouhdRiidhibR §6. AR - hSi . IS 1. o

additional ly bas ed@o% sacin dgt (%Pﬁ?ﬂg’t I on%%&%ﬁ eméljbé?né p%%?% |dov|%1.nch 18
10" defined by opposing first and second aperture plates (44A, 44B), in response to said control

signal to control the amount of ion beam current passing therethrough.

2. The method of claim 1, further comprising the step of determining the
position of said aperture plates (44A, 44B), and wherein said step of outputting said control
signal (126, 128) is additionally based on said determination of aperture plate position.

15 3. The method of claim 2, wherein said step of determining the position of said
aperture plates (44a, 44B) includes the step of providing a position sensor (116, 118), and
wherein said control signal (126, 128) is output to a motor (82) that controls movement of

an aperture drive mechanism (36).

4. The method of claim 2, wherein an error signal is generated based on the
20  comparison of said measured ion beam current with said desired ion beam current, and said

control signal (126, 128) is additionally based on a magnitude of said error signal.

5. The method of claim 4, wherein said error signal is generated and said gap
(50) is repeatedly adjusted at least once per second until said measured ion beam current

asymptotically approaches within a specified value of said desired ion beam current.

13



15 3. The nmethod of claim2, wherein said step of determ ning the position
of said aperture plates (44a, 44B) includes the step of proXiglishgoes
position sensor (116, 118), and wherein said control signal (126, 128) is
output to a notor (82) that controls novenent of an aperture drive
mechani sm (36). 4. The nethod of claim2, wherein an error signal is
gener ated based on the 20 conparison of said neasured ion beam current
with said desired ion beamcurrent, and said control signal (126, 128) is
additionally based on a magnitude of said error signal. 5. The nethod of
claim 4, wherein &ai d Brrrosthed efreddimids wherar saidentroanigngas gengeated 208 Gidigap

repeatedly adjysted a east  .ance r.second until . sai ured ion am
current asynﬁbgtisl %BTﬁ%?ihyaﬁ?saegfﬁéeﬁ@i fr%frﬁﬁ%i aB‘%&’ﬁ?F‘F’[ “ﬂ%ﬂ“nﬁgls aggizg’ Hg i red
i on beam cur r eicessik3ly2afjBtsdat gap0ABah infdreal aEthadt e 1R 4on BEERK ifersai d

error signal is &enera_t ed and said gap (50) .is repeatedly adjusted at
regul ar i nt er 9¥FrEhooksigidydaired;ipn bepmCusigat ydil sald mgaguredfow beampgyrrentisviimpvel y

adj usts sakd gaRiMk vaRE Br it &si&d jof YEd LAy t he neasured ion beam current
overshoots said desired ion beamcurrent until said nmeasured ion beam

current is within a 5 specified value of said desired ion beamcurrent. 7.
The nethod of claim 4, erein i d ga 50) i.s adjustable jn increngnts of
about 5 microns (nj. 8.%%%%%@%?@%?’3 Fﬁ“ﬁ&‘dig%?d@zéfrﬁ%%ﬁ@%ﬁ? mﬁffﬂ?g& O%y a
current sour cebdqut4)micsona(um)i on i npl anter (10), by adjusting the position of

an aperture (44) through which the ion beam 10 current passes, conprising
the steps of: (i) 15 2Q neasuring ion beamcurrent using a first detector

(31) by closing sagd depegkiki of Addsti Qidﬂlﬂﬁ,%c&?érﬁloﬁtﬁﬁ{_@%%mreﬂtis&)mﬁghaﬁﬁ ,ni ng

i f said measured ion beamcurrenf is wthin a specifiéd range an el t her

(a) opening sagndmpianter (1§ tby adiysting3ite positign af incaperige (4 throrehiyddch theionbeare t o
a second 10  current passes, comprising the steps of:
@) measuring ion beam current using a first detector (31) by closing said detector
(31) to block said ion beam;
(ii)  determining if said measured ion beam current is within a specified range and
either (a) opening said first detector (31) and allowing the ion beam to travel to a second
15  detector (35) if said current is within said specified range, and skipping to step (iv) or (b)
coarsely tuning the position of the aperture (44) if said current is not within said specified
range; | '
(iii)  subsequently determining if said measured ion beam current is within said
speciﬁed range and either (a) opening said first detector (31) and allowing the ion beaﬁq to
20 travel to said second detector (35) if said current is within said specified range, and skipping
to step (iv) or (b) tuning said ion beam source (14), if said current is not within said specified
range, until said cnﬁent is within said specified range;
(iv)  measuring ion beam current using said second detector (35) by closing said
second detector (35) to block said ion beam; and
25 (v)  subsequently determining if said measured ion beam current is within a
second specified range and either (a) opening said second detector (35) or (b) finely tuning
the position of the aperture (44) if said current is not within said specified range.
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detector (35) if said current is wthin said specified range, and ski ppi ng
to step (iv) or (b) coarsely tuning the position of the agveAtduse2gam) if
said current is not wwthin said specified range; (iii) subsequently
determining if said measured ion beamcurrent is within said specified
range and either (a) opening said first detector (31) and allow ng the ion
beamto travel to said second detector (35) if said current is within said

i fied | 4 skinoi ) : CTe
specified range, apd SKTROHEHod SISHEP fé}rth\é) %4321)5 e%?ﬁteﬂ% st%?‘?ﬁaﬂg?é@tﬁ%elﬁg

source (14), if said current is not wthin sal

sai d current ipgsitign ¢fithe apgrturepdiasaded implagter p{st eperativasl istorg. | on beam
current using said second detector (35) by closing said second detector
(35) to block said ion beam and 25 (v) subsequently determning if said

neasured i on beam ¢Qr r eMke méthid $fHlAma, wheehItHe KBEGH D) SLkilcANURind AR REitiBE"
(a) opening sai &xfsecond detector (35) or (b) finely tuning thé position of
the aperture CREF apsriuwgfycqmpriserihc sebsfft within sai d specified range. 14 27

August 2008 9. Thecjret hpd:afin ﬂoﬁ%@&@curﬁéﬁf S Io%?fagroiﬁéé&% &é@&tc{rz%ﬁbl al step

of presetting the "position of the aperture (4 ased on 1 np er past
operational histor) 10confadngesicwdasofed idneheamBurronteriti adesinel ist bgn( siehl) of

finely tuning the it f the apertu 4 rises the steps of: (i)
measuring ion beamagﬁrréélﬁ?mtg“tlg 58N Y S {)Eugf 1%@%‘?8@5@0?@“{‘%? S‘t“éi)
conparing sai thermaslivedeind urbmawits wid esttredicnibedndegémtandi on beam current;
(iii)outputting a Eiontro. si gnal 128) . based on the conparison of said

126
measured i on beam & r et ﬁg%%fscqid”é@ll%}bﬂhﬁ"%H“B‘é?é‘rﬁ”éh‘?%ﬂ%sﬁesa?ﬁ@l whidj)is
Tiust . ! UV
e e

10defi ned by opposing first and secon .
response to séiggaldepeniol thsiamennt of ondsamcotrentipessingsherethoiigh.on beam current
passi ng therethrough. 15
11.  The method of claim 10, further comprising the step of determining the
position of said aperture plates (44A, 44B), and wherein said step of outputting said control
signal (126, 128) is additionally based on said determination of aperture plate position.
15 12. The method of claim 11, wherein said step of determining the position of said
aperture plates (44a, 44B) includes the step of providing a position sensor (116, 118), and

wherein said control signal (126, 128) is output to a motor (82) that controls movement of

an aperture drive mechanism (36).

13. The method of claim 11, wherein an error signal is generated based on the
20 comparison of said measured ion beam current with said desired ion beam current, and said

control signal (126, 128} is additionally based on a magnitude of said error signal.
14 The method of claim 13, wherein said error signal is generated and said gap

(50) 1s repeatedly adjusted at least once per second until said measured ion beamn current

asymptotically approaches within a specified value of said desired ion beam current.
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20 11. The nethod of claim 10, further conprising the step of determ ning
the position of said aperture plates (44A, 44B), and whera Augat 206t ep of
outputting said control signal (126, 128) is additionally based on said
determ nation of aperture plate position. 12. The nethod of claim 11,
wherein said step of determining the position of said aperture plates
(44a, 44B) includes the step of providing a position sensor (116, 118), and

uherein said contrpl s gngl (A2 AR ViR GULAVLL O DL Gk 2L RLD

control s novement an aperture Ve ‘mec
claim 11, whe(5)is Iap\eaerdtwardmtegraafegumr pesneiln kediwhas@daidreohiiel sigan{as, 28y of
sai d rreasured ion pbeamcurrent with sajd dagm red i on beam current and sai d

control si gnaPUcpassyelyasgists; said g 4ticapninfeyval suchythahths measwed iereboyn curept
error signal. o@&shogﬂ%alﬁ'%%ﬂ% 18 bGhAlRedmti MY Blkibuidiich BLahPlurshOR W ithiSa

generated and said gap 503 is repeatedly adjusted at |east once per
second untd | specifiedwalsep @psirgsbianbeam euwstent. asynpt otical |y approaches
within a specified value of said desired ion beamcurrent. 15 27 August
2003 10 15 20 25 15. The nethod of claim 13, wherein said error signal is

generated and sai digap THebfithddofichiie a3,edleyeirogdidigh €50) & adjiegbleds iMciin@halrs,
and wherein sajd control |gnal (126, 128) successively adjusts said gap
at each int er 89Ut S FEAOPHE™t he neasured i on beam current overshoots said
desired ion beamcurrent until said neasured ion beamcurrent is within a
speci fied value of said desired ion beamcurrent. 16. The nmethod of claim
13, wherein said ghp (58pysten fpdisstianlon biepm icyrsené metpetdy fcurers serrces 1A is pbns

(L5 30 A Al 435 O A S BBt 6L G537
(44) thrauwgh winirenh padses, comprizagm
@) a first detector (31) for measuring ion beam current when in a closed position
blocking said ion beam;
(i)  means for determining if said measured ion beam current is within a specified
range and either (a) opening said first detector (31) and allowing the ion beam to travel to a
15 second detector (35) if said current is within said specified range, and skipping to step (iv)
or (b) coarsely tuning the position of the aperture (44) if said current is not within said
specified range;
(i) means for subsequently determining if said measured jon beam current is
within said specified range and either (a) opening said first detector (31) and allowing the ion
20 beam to travel to a second detector (35) if said current is within said specified range,‘ and
skipping to step (iv) or (b) tuning said ion beam source (14), if said current is not within said
specified range, until said current is within said specified range;
(iv)  said second detector (35) for meaéuring ion beam current when in a closed
position blocking said ion beam; and
25 (ii)  means for subsequently determining if said measured ion beam current is
within a second specified range and either (a) opening said second detector (35) or (b) finely
tuning the position of the aperture (44) if said current is not within said specified range.,
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current passes, conprising: (i) a first detector (31) for neasuring ion
beam current when in a closed position blocking said ion feaggust20)3 means
for determining if said nmeasured ion beamcurrent is within a specified
range and either (a) opening said first detector (31) and allow ng the ion
beamto travel to a second detector (35) if said current is within said
specified range, and skipping to step (iv) or (b) coarsely tuning the
position of the apgrturg,.( i i I AR i ified
range; (iii) neansﬂ¥orr@ﬁ§ ééﬁé&f%@h ggg&%?ﬁ%%%fﬂQgégﬁaaﬂgﬁgﬁgggaﬁ%ﬁéﬁzam
current is witfimed byaipertap etiatdsi @dAr e amh firthiet benpr{salg openifogpreitthgf the st

detector (31) and allow ng t ion, beamto travel to a, second detector
(35) i1 said BORRE SRR O LA 0B BRle PR SO RS ppi g to- st ep
(iv) or (b) tuning said ion beam source (14), if said current is not within
said specified range, until said current is within said specified range;

(iv) said second d&l-ectBie syggy of drinn¥aghetewdgaidspeapefandinealit feaing saighpesition o

cl osed pasiti } i€l ] f i : S dy
et or i ni g § P8 2RRES! AGcaRbitel RRodRAMNen B 14, el BRALInBRERYERN Y,
range and ei t hpmtufea(d4) pedsandjsesandideseeton (ih) ghedvidss don eddh)cument fEbicknel y

tuning the position of the aperture (44) if said current is not wwthin said
specified range. 16 27 August 2003 18. The system of claim 17, wherein said
aperture (44) conppd.sesTig abm(Behim IERiHRREh QYd SRS 0G4S Kljudtdleas ilfdfnis44B) |
and further conprising neans for presetting the position of the aperture
(44) based on3PHYP AMEORS Bd) operational history. 19. The system of claim
17, wherein said nmeans for finely tuning said position of 5 said aperture
(44) conprises a position sensor (116, 118) for sensing the position of
said aperture (44), and said second detector (35) provides ion beam
current feedback. 20. The systemof claim 17, wherein said gap (50) is
adjustable in increments of about 5 microns (pn). 17
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METHCD AND SYSTEM FOR OPERATI NG A VAR ABLE APERTURE I N AN | ON | MPLANTER
Abstract A system and nethod are provided for operating a %afuguit@0Bperture
(30) for adjusting the anount of ion beam current passing therethrough in
an ion inplantation system (10). The system and net hod conpri se neans or

steps for (i) neasuring MEBTEHAD AND SWSTEMEFOR GPERASIINGCAL i on using a
current detector (35); VAWA@E%PE@T@W%W?@)N?MPEQI'N?ﬁ rent with a
P a

desired ion beam current; outputting a control “sign , 128)
based on the conparison of the neasured ion beamcurrent with the desired
ion beamcurrent; and (iv) adjusting a gap (50), through which through ion
beam passes and which is defined by opp®R$thactfirst and second aperture

pl ates (44A, 44B), in response to the control signal to control the anount
of ion beam current passing therethrough. The current detector (35)

provi des ion beam current feedback, and a position sensor (116, 118) may be

utilized to provide gpentind eehbdire plodddl fofdR}atings viriabR apRRHI0) for ififting

system and net rlgda&gr ov(fg_de a %ui ck, direct, and precise nmechani'sm for

ef fecting si gni'PT TR rihitsan Ciment Brisipphprrbionelinen ion pplavietionsgriem (10 The

re-tuning of thste ke etiBato Hsem]@ar%sq;r Sl £ARG" hihsirib fdn bt A0S 1 1
Ig.

increnments of about 5 microns ([err :
implanter location using a current detector (35); (ii) comparing the measured ion beam

5 current with a desired ion beam current; (jii) outputting a control signal (126, 128) based on
the comparison of the measured ion Beam current with the desired ion beam current; and |

(iv) adjusting a gap (50), through which through ion beam passes and which is defined by

opposing first and second aperture plates (44A, 44B), in response to the control signal to

control the amount of ion beam current passing therethrough. The current detector (35)

10 provides ion beam current feedback, and a position sensor (116, 118) may be utilized to

provide aperture plate (44A, 44B) position feedback. The system and method provide a

quick, direct, and precise mechanism for effecting significant changes in ion beam current

without requiring re-tuning of the source. The gap (50) of the aperture (44) is adjustable in

increments of about 5 microns (pm).

Fig. 1
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