; e3e++, vV6. T\oc METHOD OF CONTRCLLI NG ELECTROSTATI C LENS AND | ON
| MPLANTATI ON APPARATUS 5 BACKGROUND OF THE | NVENTION This invention rel ates
to a method of controlling an electrostatic |lens, which is useml'

appar atus whi ch converges/diverges a ch#lrged particle beam suc ”MMWMW
beam 10 electron beam etc. by an electrostatic | ens and sweep it,,l

el ectromagnetic field to be applied onto an object-to-be irradi at ed
an ion inplantation apparatus and an el ectron m croscope), and such an ion

i npl ant at | ] | :
parti cul a?@;’,ﬁﬁ??é’ﬁ@%@% |%fr‘?9'?:erq1§% es'tsﬂ[%c}%gﬂ%gg@ #g?%%ﬁy he beam
current of the swept charged parti@% frombecom ng smal |l er than
before control by the electrostati e'ﬁgb%/ perform ng the control taking
the size of the charged particle beamin a scanning direction in
consideration. 20 An ion beamis one of charged particle beans. Fig. 4
shows an exanple of an ion inplantation apparatus equi pped with an
el ectrostatic | ens for converging or diverging the ion beam 25 Fig. 5
shows an enl arged main part thereof. The ion inplantation apparatus as
shown5i s basically the sBARCKGRAUND QF SEHRSENVENT IRManese Pat ent Unexami ned
Publication No. Hei. 8-115701 (JP-A-8-115701), and is directed to a
so-cal | ed_hybrifd giat ad 4 elhescamamgi®yst em whi ch sweeps 5 an ion beamin
reci procation/parallel in an X-direction (e. g. horizontal direction) and
drives an obj eglrit=0-fxevént o6t at €Taf €s Jtovaf @exhdd ioff keeitRoaqdhigoRnin a Y
direction (e.g. vertical direction) substantially orthogonal to the X
di recti o) dherd Hrat 1| arhat,i o Apparat ussddchydes, agphQRaeQYr G 2 for
deriving the ion beam 4, a nmass analysis magnet 6 for selectively acquiring
a specl f'dbﬂx%‘réé’@ﬁcﬁf@eié@énatBﬁaf@é‘d%%%i%l%%éé(ﬁ%ufdhoé%tahueibﬁ%e%%rCe 2,
an accelerating tube 8 for accelerating or decelerating the ion beam4
acqui ped fyr ' i e f.0% _removin
qui ped Jyrom { e Jmss %ﬁé.{%ﬁfﬁgﬁgggEtQDS%aEﬂc%ﬂg ;Qx% N5e i {04! 9

the 15 unnecessary part am acquire romthe accel erating tube

'y ! net. . I . o . i th

Speai 1 ¢ GRS IBNE ek d B B8 FERYYFLlofERd ety F s 10, a
[ . t 14 f i ng.the_i b 9 derjved f t.h

anal ysi S Tragiets T | (7 hes 30- % ATPAELTOR-E) FRHGHT E7FI &F £ 1 ChrS

exanple, and a paralleli ng net 16, for .bending the ion beam 4 derived

From t he et TEP Thyn @l 19° S0AT At o Par AFEATSAR ™ PP BHe beamEA™ n

cooperation with the sweeping magnet 19, i.e. making a rallel iqn beam 9.
25 The | GIETERIR A Her e ctORT oM 1 1RO JRF TR | AP ifagitet L 13Ty, this

15 invention relates to a means for preventing the beam current

oy

of the swept charged particle beam from becoming smaller than
before control by the electrostatic lens by performing the
control taking the size of the charged particle beam in a
scanning direction in consideration.
20

2. C o - the Rel L

An ion beam is one of charged particle beams. Fig. 4
shows an example of an ion implantation apparatus equipped with
an electrostatic lens for converging or diverging the ion beamn.

25 Fig. 5 shows an enlarged main part thereof.
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is applied to the object-to-be-irradiated 22 held in a holder 20 of a
scanni ng nmechani sm 18 and ions are inplanted into the
object-to-be-irradiated 22. In this case, the object-to be-irradiated 22 is
driven reciprocatively in the Y direction 5 by the scanning nechani sm 18.
Cooperation of the reciprocating driving of the object-to-be-irradiated 22
and sweeping of the ion beam9 realizes uniformion inplantation into the
entire surface of the object-to-be-irradiated 22. As shown in Fig. 5,

upstream and dopnst beaimef arhher 1éh ehiratatir Be-dndwndiiat Bds 22a1 ay frrant
Faraday unit 36 and a back Faraday unit 99 are arranged for neasurenent of

the ion beam 9 dﬁ?pi - Erbeqs pi vef or e 5{}9 nt
Faraday unit 36£€nc udesqgl%lo(%lt a\rlgrgay ra\ﬁgeyseé\:%S %O%%%tﬂngexo éfe[)ﬂourality

o Faraosy cupe, 90,k gned | bhe . el on, 15y uby o e L scapni o

plurality of Farad cups ,96. align in the X direction. It should be noted
Phat "t he 15 htS e S/ (ML 196 S Riek ] ATy T o 145 b adi AT o AR
correspond to the ion inplantation into the object-to-be 20 irradi ated 22
and tRe mMPad@rersal by GSfe REQGRT I /RRRA bray 38D Fedperstidtyle-&: the
time of measurenent by the back Faraday array, the holder 20 is noved out
of the wadyerihentazbridlmetbddy) ardydBE eh@rbadk erarddayp sariiaip Utk
basically the sane as those disclosed in Japanese Patent 25 Unexam ned

Publ i cati tbn. NowaHeir) 22 5517 (R A& OEGHIAY ¥ dilve & 1orbéany c wamritca reasur ed
by these elenents are taken into a waveform shaping controller 50 via a

current tdanscducern) 48ulwdt ot 151 by cor tieod omeasts i tige nkadsredheomavef orm
shaping controller 50, for exanple, perfornms the same control as 5

di scl osed in e.The tivh ab@uentPtAdr SpbiYa hamelne 1 ddeshor tiord husaeef or m
shaping controller 50 creates a sweepi ng signal
10 2 for deriving the ion beam 4, a mass analysis magnet 6 for
selectively acquiring a specific ion species from the ion beam
é derived from the ion source 2, an accelerating tube 8 for
accelerating or decelerating the ion beam 4 acquired from the
mass analysis magnet 6, a trimming Q lens 10 for removing the
15 unnecessary part of the ion beam acquired from the accelerating
tube 8, an energy analysis magnet 12 for selectively acquiring
an ion with specific energy from the ion beam 4 derived from
the trimming Q lens 10, a sweeping magnet 14 for sweeping the
ion beam 4 derived from the energy analysis magnet 12 in the
20 X direction by a magnetic field in this example, and a
paralleling magnet 16 for bending the ion beam 4 derived from
the sweeping magnet 14 again to parallel-sweep the ion beam
4 in cooperation with the sweeping magnet 14, i.e. making a

parallel ion beam 4.

25 The ion beam 4 derived from the paralleling magnet 16



S(t ) which causes the sweeping speed of the ion beam4 on the

obj ect-to-be-irradi at ed22t oapproach a constant value. This signal is a
function of time t. A sweeping power source 52 10 anplifies a sweeping
signal S (t) into a sweeping current J(t) , the sweeping current J(t) is
supplied to the sweeping nmagnet 14 for its driving. In the present
invention, it is to be understood that various changes and nodifications
may be made without restricting to the above control of JP-A-9-55179. 15
Meanwhi | &,s bppils edie€BSSRE Yo i dtid e tiher abj £0dd 120 helidr fadi atodde22 with
i ons having desired energy and bel onging to desired species by a desired
quantity Zaf o$URSEERhH &hé ndE RS 4 Ped QR EBRLaREE NGd] ABt e d NG PRKEPECI €S
are sel ected using the above nass 20 anal ysis magnet 6 and energy anal ysi s

ragnet 1%bﬁ' eme-é&-rbzee-;aﬁf/ i 4 detgsm ned Ltsn;l gC%Qé),\ABEhéo%rba%c(tuQE—Shom)

for the ion source or an accel eration eration power ‘source
(accel er tion/d%felengkbon power saource 32 in r, the a%celerating

Fi.g. .6),.fo
tube 8. e ‘JFatity or% of %5Wah€§ﬁ%ﬁ¥%%?Eﬁ¥%§¥ﬁfb??%&f&éfﬁ& tRB current
val ue_of the swept beam (current 4, value of the smggt,ion beam 9)
measu? ed Wy d'HoseSPANRHRT 47C&MPATE 1P the fGARRETFAr ARy Ghit t86. In
order to carry out the ion inplantation processing at a schedul ed
i npl ant i A§ RS Cathie & \iEptigeamic fhee R Jegitud o5 bef itte digriase @ @hfch is to
be applied to the object-to be-irradiated 22 must be set at a prescribed
val ue calstglestiod fofohg hevelssamyd quemtizgs omiifgsmion iloplandadischedul ed
inplanting tine. A neans for realizing this is a technique of controlling
10 an el ecttreodthat ientiers suwrf aonwer gi ng/ oo st o lee chargétdapad t22] e beam
(ion beam4 in the exanple) by an electric field or nmagnetic field.
General |y, suchsarstedwectinstdgi.c 9,enspssreasedand idireasesdieoswepte beam
current obtained at the position of the object-to-be-irradiated. 15 In this
exanpd e, ddie ca)-axd-mastiatyra il a0 2RGos aiedarBday unit 36 and a back
Faraday unit 44 are arranged for measurement of the ion beam
4 and shaping of the sweeping waveform thereof. The front
Faraday unit 36 includes a front Faraday array 38 consisting
of a plurality of Faraday cups 40 aligned in the X direction
15 which is the scanning direction of the ion beam 4. A back
Faraday array 44 consists of a plurality of Faraday cups 46
aligned in the X direction. It should be noted that the front
Faraday unit 36 1is vertically moved to positions which’
correspond to the ion implantation into the object-to-be-
20 irradiated 22 and the measurement by the front Faraday array
38, respectively. At the time of measurement by the back
Faraday array, the holder 20 is moved out of the way.
The front Faraday array 38 and back Faraday array 44 are

basically the same as those disclosed in Japanese Patent

25 Unexamined Publication No. Hei. 9-55179 (JP-A-9-~55179). The



the accelerating tube 8 is controlled. This technique will be mainly
expl ai ned below. Incidentally, the technique of controlling the trimmng Q
|l ens 10 which is a four-pole type magnetic | ens can be adopted. 20 The
accelerating tube 8 shown in Fig. 6 is basically the same as that disclosed
i n Japanese Patent Unexam ned Publication No. Hei. 8-273895
(JP-A-8-273895). The accelerating tube 8 is directed to a two-gap

t hree-pol e type. The accelerating tube 8 has a structure in which a high

vol tage 25 shdeuekest Eofeadrand bgr Ak esidiead 0ed r 9de 28kane iabanrged 5
Wi thin an insulator 24 and a focusing electrode 30 is arranged between both

el ect 1 odes, 26: 3 2o fhyokbAgey| 06y ac6elenabi on gerdeqeleralion isy appl i ed

bet ween trod 6 an om an accel eration/decel erati on power

source 32.. A.focusing 5 voltage Vi .is applied beiween the high valtage side
el ectr odew%c%n glt ﬁe%fugcrtfﬁtng’gee Seuc)ilrncﬁjeﬁ?%ff’? r on?%ﬁewfaggt%?irﬂlg%ﬁ)@\ﬁewgsour ce
34 . Both power. sources 32 and 34 can control the output volta

ndi vi AT St T haSender | SSMHE o) BOF FPEMPI Gt iUt eORREHG e ¢ hr ee
el ectrodes, 26, 30 and 28 serves as an 10 el ectrostatic |ens for converging
or di ver ﬁw%%eﬁiow Bedin EherididtorE - Aar edct T odtae iy s shert,
incorporated in the accelerating tube 8. Minly referring to Fig. 5, an
expl anat i Gre Widve ey ishap 1619 £o0éaeaAEroREl Ched kel dfSWERRIEEsISigNEHe swept
beam current 15 obtained at a position of the object-to-be-irradiated 22 in
such a nehter wWwfidomanslds nget hecepbngrapted iaf [tédres lioncbeporated the t he
accelerating tube 8. All the plurality (e.g. 11) of the Faraday caps 96
const i t utolge ¢ tret baok- Far adayt dd 28reo eppreetac conpapaltledlt®. 20 Hilse
current transducer 48. In this state, the focusing voltage Vf which is an
out put fromide fecusingepDIRroSotiie B4 BS swaleipdthd @ caldrers ddreepaent i al

of the focusing el ectrode 30. Therefore, the status of converging or

di vengi ngamb1ihees @n_sb@aﬁuﬂgaéigm gl(est 105 at khekpRsgWdl R ént het) ,

. accelerating tube 8 is changed 25 and thereby the rate of the ion beam 4
lost duriflge Gwedd AP RAAAAOT (kg 2bSOUEHANEGT: o WS st iR &ddgerehi p
between the beamcurrent nmeasured by the current transducer 98 and the
focusing ypl {age; Vg g%bb?hi@ﬁ_ azrb'gke;af@&% $HOWNLEBRFT 9 15 LR BRI S case,
a focusing voltage Vimax grving the maxi mum beam current is selected as a
sol ution and j |.t.age. M i thi e e
control is 6%%%€%§§gﬂﬁ#ﬂgfﬁgo%gn§¢%$g%%fﬁ§%m§§l g§§F¥%é§ g%ggg?mg§ﬁbarying
t he focusi vol t age, Vf the rate of the ion. b ] ost Lng 10 the
transport"éj?t?%%u%/aﬁgse%r%%t’(f%%tt%]h%h%eag?r?‘;c%rg%rﬁ rg’} ?ﬁgb%oéi i%%y?)?'the

obj e?[%_ to-be-i rI\JJ’eaadr{w%tie.Lde ,Va;{t!. eiss arl?gcészga}}beto implant the object-to-

be~irradiated 22 with ions having desired energy and belonging

to desired species by a desired quantity at substantially
prescribed ion-implanting time.

The ion species are selected using the above mass

20 analysismagnet 6 and energy analysismagnet 12. The ion energy

is determined using a power source (not shown) for the ion

source 2 and/or an acceleration/deceleration power source

(acceleration/deceleration power source 32 in Fig. 6) for the

accelerating tube 8. The quantity of ion implantation is

25 controlled using the current value of the swept beam (current



di vergi ng angle of the ion beam after having passed the electrostatic |ens
varies so that the size (geonetrical size) of the ion beam4 at the
position of the object-to-be-irradiated 15 22 al so varies. The purpose of
controlling the focusing voltage Vf is to acquire a large quantity of swept
beam current at the position of the object-to-be-irradiated 22. If the

ef fect obtained by the varying the focusing voltage Vf resides in only 20
the above item( 1 ) , the above control nethod can achieve this purpose.

However, actyldy tHheweifeGlonobebr) 4 Porels Sustauby anemitsd \rarbhpnefiore, in
t he above control nmethod, as a result of controlling the focusing voltage

Vf, ther%ﬂt%bcane?o'{’ PSS iﬂéﬁ(t Oﬂﬁafmﬁ?{#ﬂ"‘. §g. case. That is, the size of

the 7 ion beam 4 at the position o e object-to-be-irradiated 22 varies
so that the ar tQ pbe swept. by the ign beam.9 i.s _al sq incr < As a
result, contra f " C@ﬁé%ﬁhfﬁgf 9 et ﬁeﬁ?nbéggﬁgﬁi eﬁpnapr%%%%%égﬁtion of
the object-to-be-irradjated 5 22 naX becone | ess than that before control.
This will2%H& éfgﬁéﬁuﬂr&&‘ FAPdERAEPIbEEBR Fhe SR T Ut S by 2EHE i on
beam 4 depends on the size of the object-to-be-irradiated 22 and the size

of the i &f Heatn 2°onNGRa WhidsstifredOt Rgt ARl igrbttehhpe PIERE it6A beam 10
4 (i . a. sectional shape of the ion beam 4 before being swept ) is a
circle h&dTig B HiatiRd &2 Bughdoe At 6t &Herobfethed o Parg ceddiudrsed2? is a
circle having a dianeter d. In order to nake ion-inplantation for the
entire sunfaces ofhiethesabyecans-iliy- iafr ddiratat 22 ot hendon Isehed@ledst start
fromthe 15 state A where the ion beam4 is not applied to the object

t 0- be-i r riadh latredi 1P 4 ime@appr oach the object-to-be-irradiated 22, cross the
surface of the object-to-be-irradiated 22, and finally reach the state B
where the ion beagkflsi SoNQle=AntiirR Yhappld edcéenhhguely Lenteocheingr adi at ed

22. In the return, the 20 ion beam 9 nust nove simlarly in the opposite
direcyi orin Geneedkb¥taBNcOVIRINSWEEP QUaREIHM ndy A vl 15y thaknkhgeabove
particle beam (ion beam 4 in the example) by an electric field
or magnetic field. Generally, such an electrostatic lens is
used to increase the swept beam current obtained at the position
of the cobject-to-be-irradiated.

15 In this example, the electrostatic lens incorporated in
the accelerating tube 8 is controlled. This technigue will be
mainly explained below. Incidentally, the technique of
controlling the trimming Q lens 10 which is a four-pole type
magnetic lens can be adopted.

20 The accelerating tube 8 shown in Fig. 6 is basically the
same as that disclosed in Japanese Patent Unexamined
Publication No. Hei. 8-273895 (JP-A-8-273895). The
accelerating tube 8 is directed to a two-gap three-pole type.

The accelerating tube 8 has a structure in which a high voltage

25 side electrode 26 and ground side electrode 28 are arranged



novenent can be assured even if the size of the ion beam 4 varies and the
object-to-be-irradiated 22 slightly deviates fromits right position. 25
Therefore, the width Wto be swept by the ion beam 4 can 8 be expressed
by the followi ng equation. Nanely, as the spot dianeter d of the ion beam4
increases, the wwdth Wincreases. W=D + 2a + d (1) If the sweeping wdth
actually by the ion beam 4 exceeds 5 the value represented by Equation ( 1
) , the rate of the ion beamwhich is not applied to the

obj ect - t grikerid kadi Abada2d b a?@séeﬂbdd@ﬁ%%ﬁ%ctlr%\‘l%@@'ﬂs akfahbehs to00
small, the ion beam4 is not applied onto part of

obj ect - t g; %ﬁ%@wsﬁe&%aﬁe% ngh gesi rAegongséeE %cc@ggggtwﬁ

operation may var anet er e |on eam arin
set-up has been carrled out whet he not t? esent s% ar
satisfies E Tat i ra(tl °h ﬁggl%égla {jﬁ HePR PRYH, %%C%O ds%@ep
check” i f nece reazgust nt of the swept Iength (this is referred
to as "s @5‘58} iu%? L3ONSURGR I FEATL 18N RAVETHSREFER, %@anﬁeséﬁ@epl ng
wi dth by the ion beam as a result of the sweep adjustnent varies, the swept
beam Bur Mértt aZE Vs 1 sTRRP t £ad dit tRaTetde Riph el £ifed ebBFEWOThe swept
beam current nmeans the quantity of charges Q 20 which has entered a certain
regi on f @b andrihe tfioge sdund pyectapde 3§ £ hemitdie bearsangGIngaEPyrcehe
guantity of charges Q which has entered any Faraday cup (e. g. any of the
Faraday Gdps B36tdhpewer mokirges B pnfdod4 sanncentiake the dakert sslthgeswept
beam current in the Faraday cup. However, now, in order to 25 sinplify the
i ssue, t Hexdsiwepiudielyn nd r endepdénddret DP] eChe9electric field created
among the three electrodes 26, 30 and 28 serves as an
10 electrostatic lens for converging or diverging the ion beam
4. Therefore, an electrostatic lens is incorporated in the
accelerating tube 8.
Mainly referring to Fig. 5, an explanation will be given
of a conventional method of increasing the swept beam current
15 obtained at a position of the object~to-be-irradiated 22 in
such a manner of controlling the -electrostatic 1lens
incorporated in the accelerating tube 8.
All the plurality (e.g. 11) of the Faraday caps 46
constituting the back Faraday 44 are connected in parallel to
20 the current transducer 48. In this state, the focusing voltage
Vf which is an output from the focusing power source 34 is varied
toalter the potential of the focusingelectrode 30. Therefore,
the status of converging or diverging of the ion beam 4 at the

electrostatic lens within the accelerating tube 8 is changed

25 and thereby the rate of the ion beam 4 lost during



to-be-irradiated 22 will be thought about. As seen fromFig. 8, if the
oversweep quantity a is assured sufficiently, the quantity of charges Q

whi ch enters the object-to-be-irradiated 22 per one sweeping (one round
trip) 5 of the ion beam 4 can be expressed using a spot beamcurrent Isp by
the follow ng equation. Now assumng that t is a time while the ion beamis
applied to the object-to-be-irradiated 22 during its half sweepi ng(one way)
and the sweeping speed of the ion beamis v, t = Dv. 10 Q=1Isp x 2t (2)

In the appana t%ecs_&{d bed iy JAi %h@ﬁg‘é@{' m?“‘rhufshe é&’@e%'ﬂat%%%%cy of
the ion beam9 is always fixed to a nstant val Ue regardiess with t

sveepi ng, Mte@fg%fee lan e Sate Lo Supen) 9 Spesd .ol guggh%gbeam 4

is a functl swWeepi ng can be
expresse he faﬁl ovm t| on 4 S.a surred i SWis
r equi red n%hg %‘f)\l‘?‘nb‘g‘éo q}ab‘lfhiy leﬁ‘bi’)lbé%& F‘a}P(Je Paﬂbae?? &% SEPEECH bed
tinme. v —_2Wtsw 3_) 20 The swept beam current for the
obj ect - t éPoé<icrr ddi afBdtP2S GRFEh ?sfacvam@ BB%EPﬂ%dV%eﬁltVHélgqﬁaﬁtl ty of
char%gs Q which enters the object-to-be-irradiated 22 per one scanning is
di vi ded BgxgReint baamragiigrdd iBoje teet o @ sseamivig,orcand i aekpeesiad by 25 |
= Qtsw 10 =lspx2{ D (2Wtsw) ) /tsw=1Isp x DW= 1Isp x D(D + 2a +
d) (9) | NoEgaatsi oVt 4 isangyeot hér @nosinvatlkan d Tlsus, cohst amnt B Thesef or e,
in conparison in the states where Equation (1) is satisfied, as the beam
di anet er compieteases, the swept beamcurrent | for the
obj ect-to-be-irradi ated 22 decreases.
In the control method as described above, by varying the
focusing voltage VI, (1) the rate of the ion beam 4 lost during
10 the transportation varies so that the beam current at the
position of the object-to-be-irradiated varies and (2) the
diverging angle of the ion beam after having passed the
electrostatic lens varies so that the size (geometrical size)
of the ion beam 4 at the position of the object-to-be-irradiated
15 22 also varies.
The purpose of controlling the focusing voltage VI is
to acquire a large quantity of swept beam current at the
position of the object-to-be-irradiated 22. If the effect
obtained by the varying the focusing voltage Vf resides in only
20 the above item (1), the above control method can achieve this
purpose.
However, actually, the effect of (2) occurs
simultaneously. Therefore, in the above control method, as

a result of controlling the focusing voltage Vf, there is a

25 possibility of the following case. That is, the size of the



Using these relationships, as a result that control of the focusing voltage
and t he subsequent sweep adjustnent have 10 been carried out, the condition

for maki ng the swept beamcurrent | larger than that before control can be
acquired. The swept beamcurrent | before the control can be expressed from
the follow ng Equation (5) , and the swept beamcurrent |I' after the

control can be expressed by the following 15 Equation (6) . After the
control has been carried out, the spot beamcurrent |Isp varies by the

action of ekt ( N _lle - nded
with a dalsc;hrh?yefr%g?a ('It) i @Sls%bﬁn%?r%{gﬁf\g@ﬁ d)tw( B3R AR b

t2a + dva)rlt«%)é sH'¥adl Enga rQ d:%%t&%dc ‘io/ya 'éhg?ﬁ?%é’ér%'zf"lsf%ﬁs)%ak' ng

1"/1 > 1 folTow ng qua / (D +
2a + d) } ver actua I E u t|on &7 annot be necessari
sati st N HIAPERy 15 Bor Sa5aEh bIG S o b, SOLRESEONERE! SIEPE whet her
or not Equation (7) will be satisfied. Therefore, as a result that the

control CRANEHIUY i Fha agsidien wé $h6seRisRt-§Rebp-adrasinere have

been carried out, it happens that the swept beam current at the
obj ec? - t @2bendy rkefienedl ©9s stheeokbstshalbse chafirphat Bbiereifhebrocusi ng
vol tage control is made. In this case, although it was a purpose to obtain
a Iarge(pxpﬁaiqedﬁimwbﬁnxhbﬁmkmwrent at the object-to be-irradiated 22,
t he purpose cannot be attained. It can be said that the control has ended
in failure. 10 T8dVieaird @ BidE shiYENDIYON hlen ivneweain Bhdepleade onr c¢hest ance,
this invention mainly intends to provide a nethod and apparatus capabl e of
prevent i g 2dhe fbeas apigiit dfber ismeqd i £hed gedapardhe ke zkeamfheiohecom ng
beam 4. Now it is assumed that the spot shape of the ion beam
10 4 (i.e. sectional shape of the ion beam 4 before being swept)
is a circle having a diameter d and that of the object-to-
be-irradiated 22 is a circle having a diameter D. In order
to make i1on-implantation for the entire surface of the
object~to~-be-irradiated 22, the ion beam 4 must start from the
15 state A where the ion beam 4 is not applied to the object-
to-be-irradiated 22 to approach the object-to-be-irradiated
22, cross the surface of the object-to-be-irradiated 22, and
finally reach the state B where the ion beam 4 is not entirely
applied to the object-to-be~irradiated 22. In the return, the
20 ion beam 4 must move similarly in the opposite direction.
Generally, an over sweep gquantity o is set so that the above
movement can be assured even if the size of the ion beam 4 varies
and the object-to~-be-irradiated 22 slightly deviates from its

right position.

25 Therefore, the width W to be swept by the ion beam 4 can



15 smal |l er than before control by the electrostatic |lens by performng the
control taking the size of the charged particle beamin a sweeping
direction into consideration. The nethod of controlling an electrostatic

| ens according to the invention is characterized by receiving a 20 swept
charged particle beam by a Faraday cup to neasure a beam quantity of the
charged particle beamand a beamw dth thereof in its sweeping direction;
calculating their evaluated values with respect to their prescribed

st andar dyje aSgl U Wi 9RES bR 18a geuglhyat gd. valies: § 0 £alaqid aert heir
uni fi ed evaluated 25 value; and controll'ing said electrostatic |ens so that
said Z2 _.upjfi I v hS: eased he. upji fii val.uat ed val ue
is aff ectdel b‘{/ﬂeﬁ%tdegﬁlﬁ ﬁgmegggﬁla% ZlJ{é\};elraue of tpgegﬁgg%%ggﬁ%e{%fégf' t he
char ged Q@(}icle fean&?ut al so thf eval uated val ue of the beam wi dth which
is 5 the iz ih 4he" direction of Emeeping the charged particle beam
Therefore, by controlling the electrostatic |en mLthig the accel erating
tube so that tHd GREfIRRERVAI itHd ¢atuelily PRdiEaded, Pearn! 6% CeRESheam
current of the swept charged particle beam and the size of the charged
parti el e theaiveilHel0epHes eweep ingEarpsé onohl bark Diser apprak thgt 2en 6 atthei r
preferable state . As a result, it is possible to prevent the beam current
of the chdrigad parnéot| zphebed f tontbhecohiingtstatbberirkhandiehad Béf dus t he
control of the electrostatic lens. The ion inplantation apparatus according
to the l1washeahtinmredaseshalaskesedgd L ithats itbocempililisesha Far daay cup for
recei ving said swept ion beam and a controller for controlling said

el ect r ostdatiisC nlc&napphitheohasi s pdria dkasy et jsicgrab-venti rivaabattlee . Far aday
cup, and in that said controller has functions of: measuring a beam

quanti ty gftH herd abtheayidd and ra headrd, dbl tehekeef dpe dattS csve@RIchy

direction at the position of the Faraday cup; calculating their eval uated

val UB§ may vary the diameter d of the ion beam 4 during its set-up
has been carried out, whether or not the present swept area
satisfies Equation (1) is checked (this is referred to as
“over-sweep check”, and if necessary readjustment of the swept
length (this is referred to as “sweep adjustment”) is carried

15 out.

However, when the sweeping width by the ion beam as a
result of the sweep adjustment varies, the swept beam current
varies. The reason therefor will be explained below.

The swept beam current means the gquantity of charges Q

20 which has entered a certain region for a unit time during
scanning the ion beam 4. Generally, the quantity of charges
Q which has entered any Faraday cup (e.g. any of the Faraday
cups 46 shown in Fig. 5) for a unit time is taken as the swept

beam current in the Faraday cup. However, now, in order to

25 simplify the issue, the swept beam current at the object-



with respect to their prescribed standards; assigning weights to said

eval uated values to calculate the unified evaluated value which unifying
their evaluated value; and controlling 25 said electrostatic |ens so that
said unified eval uated val ue 13 is increased. Since the ion inplantation
apparatus conprises a controlling device having a function of inplenenting
the nmethod of controlling an electrostatic lens and the Faraday cap, it 5
is possible to prevent the beam current of the swept ion beam from becon ng
smal | er thamdhaty el the aont il oddie @lrpirostatic lens. Thus, the
pur pose of acquiring the |arge smept beam current can be attained nore

I 10 BRI EE DESCRI PTI W NGS F h h
Rin b S C%{ro’gffgt\l%e lo PAREALTS q%\ppatrjati%gvj:‘se%%‘é%\ﬁ?/:]ggt oﬁt

mai n part of ah~eXa
th trol t.h d t Fi fl
Showi ng. S0 EXERTe 5 CHE cBRERS §5' Fetir e P e To THE ﬁ"%ﬁ ﬁ%fon

Fig. 31is VIeM/ShOMAng an exanmpl e of a bean1waveforn1 Fi a
schemat i @bﬁle&jf'\ﬁ \Hes'l'gré’vﬁaﬁjdaeﬁ‘? anPFE Yie SR i (R rPgﬁd Frﬁ’r%)nt ation

apparatus; Fig. 5is a view showing the main part of an exanple of 20 a

conveht | OFalt hitohonnBeaRt 4t oMk paRaafsedivg ing Ps SRO§eBEFBNERT ¥F@W showi ng

an exanpl e of an accelerating tube having an electrostatic lens in Figs. 1,

9 and 5; IEj oy thes faldicevinshewiuadg iam .eXanpeesomingethekati dAsAi p1®S bet ween

a focusing voltage and a beam current; and 19 Fig. 8is a viewfor

expl ai ni mypitllee thectssdrgasweepippiied to the object-to-be-irradiated

22 during its half sweeping(one way) and the sweeping speed
of the ion beam is v, t = D/v.
10 Q =1I, x 2t (2)

In the apparatus described in this embodiment, the
sweeping frequency of the ion beam 4 is always fixed to a
constant value regardless with the sweeping width thereof.
Therefore, the sweeping speed v of the ion beam 4 is a function

15 of the sweeping width (swept area). Concretely, it can be
expressed by the following Equation. It is assumed that t,,
is a time required for one sweeping (one round trip) and takes
a certain prescribed time.

v o= 2W/t,, (3)

20 The swept beam current I for the object-to-be-irradiated
22, which is a value obtained when the quantity of charges Q
which enters the object-to-be-irradiated 22 per one scanning
is divided by the time required for the one scanning, can be

expressed by

25 I =0/t

10



wi dt h of a beam DETAI NED DESCRI PTI ON OF THE PREFERED EMBODI MENT 5 Fig. 1
is a view showing the main part of an exanple of the ion-inplantation
apparatus for carrying out the control method according to the invention.
The entire arrangenent of the ion-inplantation apparatus is such as shown
in Fig. 4. Therefore, referring to this figure and the description 10

rel ative thereto, the explanation will not be repeated. In the foll ow ng
description, like reference synbols refer to |ike or corresponding parts in
the conventional —aft showns/nuigs.) A to 6. A difference between the

i nvention and the c8nventional art W Il be mainly explained bel ow. 15
First, a brief e;p&an§th?% wll be given of the difference of the
configuration of Fif. 1 fromthat of Fig. 5. In the ion inplantation
apparatus shown in_Fig. 1, the waveform shaping controller 50 has al so the
function of neasﬁr?nggtﬁg(ﬁbénﬁauéhfﬁty | (n) and ‘Béam wi dth Wi(p) . A beam
20 controller 54 is also provided f?{ controlling the focusing voltage Vf
fromthe focusilfig Eo0REH Fodrc @34 AtineTe 2mogitt FNaME fife 2elCORBEFdtat i ¢ | ens
incorporated in the accelerating tube 8 ) on the basis of the beam quantity
| (n)°andsehaieat RWEompRrison iR Shexahpres wWotke dauatel amvid )f dm
shaping controller 25 50 and beam controller 59 constitute the controlling
appar at usalBi st ey, contihel [Hesg tdiemsltest b sitratriea desns tihec emegrtatedni n t he
accel erating tube 8. However, both controllers nay be integrated to

consti t uteattentcdntiraxt |4y appasattussbandr vadl yat bé D2adecoadses| er 59 can
be used to constitute the controlling 5 apparatus. Now also referring to
the flowchart afsibiggth2seardétatibedheppl agatioresnlt teatgicmitrefl afmet hod
of controlling the electrostatic |lens incorporated in the accelerating tube

8 using tthe: Zbeve iwavebdtayshapd hecoibsebhentSdwasd LM tment have
10 been carried out, the condition for making the swept beam
current I larger than that before control can be acquired.
The swept beam current I before the control can be
expressed from the following Equation (5), and the swept beam
current I’ after the control can be expressed by the following
15 Equation (6). After the control has been carried out, the spot
beam current I, varies by the action of the above item (1).
The elements which will vary are appended with a dash symbol
(').
I =1 %x D/(D + 20 + d) (5)

sp
20 I = I % D/ (D + 20 + d’) (6)
Thus, it can be understood that the condition for making
I'/I > 1 is the following Equation (7)
(Isp’/Isp)>{(D + 2a + d')/(D + 2a + d)) (7)

However, actually, Equation (7) cannot be necessarily

25 satisfied. Also, 1t is not possible to know before the control

11



10 controller 54, etc. A focusing voltage Vi (kV)which is an output from
the focusing power source 39 will be varied fromVWf(0) to Vf(m in steps of
~Vf(m - Vf(0)}/(m (mis an integer not smaller than 1 ) , in a state
where one ( a . g . located centrally) of the 15 plurality (e.g. 11) of
Faraday cups 96 constituting the back Faraday array 99 is connected to the
current transducer 98 (this state is referred to as "back center"” ) . In
this state, while the ion beam9 is swept (referred to "back center sweep"

) (1) {hetheam auadt idgh 2 I 7h ops beas 2.and £(2h .t henbeamy e didy of 20
the ion beam 9 will be neasured. 21) As regards the beamquantity At a

certain £ocusing \oliagg, Mo o1 the DRAMAANARGLLY Jo (el Mfde fback

center sweep” IS nmeasure ore hi's” exanpl e,
this wll ge carried out by. 25 th vef orm shapi n contro{:ler 50, and the
measur ed>HAEEIP L) S18° 10 SUBITI el 06 TRE” e Cohtrar | oF PP he beam
quantity | gn%éi S an i te%rat ed val ue of the beam current instantaneous
val ue of bR QMNFRePEAM Q8T ERBIWMA G f1E §PI8ChRbCTRET 2pF2dedted 4% a
quantity of charges. 5 Synmbol n denotes an integer of 0 <_ n <_ m_This
neas®r emBAEONSS ceina | ket ddtathhear Pehgr ¢ H g d6GsiSAHIVHP L higee HOFy s Vf (0) to
Vf (m) in steps of (Vf (m - Vf (0)}/(m. Therefore, the arrangement I(n)
has (rn #siljpadeenem stiioncamse, Caltthough mt Assuim rpuigege tie defragast val ue
in the elements of I (n) 10 is Ima. ~, the evaluated value R (n) of the
beam quaat ilby gies @equi ited 6forwehe freldrowtugrequattonhestepidddjtod n this
exanple, this will be carried out by the beamcontroller 54. RI(n), which
is a rella¢iveraepeesantal i e Gfutposd caatha bangemaihedavi ng ¢&e & ze equal
to that of I(n). 15 R (n) - I (n) /Ima:: ($) (2)As regards the beam w dth
sald that the control has ended in failure.
10
SUMMARY OF THE INVENTION
In view of the above circumstance, this invention mainly
intends to provide a method and apparatus capable of preventing
the beam current of a swept charged particle beam from becoming
15 smaller than before control by the electrostatic lens by
performing the control taking the size of the charged particle
beam in a sweeping direction into consideration.
The method of controlling an electrostatic lens
according to the invention is characterized by receiving a
20 swept charged particle beam by a Faraday cup to measure a beam
guantity of the charged particle beam and a beam width thereof
in its sweeping direction; calculating their evaluated values
with respect to their prescribed standards; assigning weights

to salid evaluated values to calculate their unified evaluated

25 value; and controlling said electrostatic lens so that said

12



At a focusing voltage Vf(n), His taken as the sinple peak hei ght of the
beam wavef orm as shown in Fig. 3 which is acquired by the "back center
sweep”. The width of the beam 20 waveformis neasured in different p (p is
an integer not smaller than 1) heights. The beam w dt hs neasured at the

heights of pH (p +1) , (p- ) H (p+1) , . . ., 2d (p+1) , H (p+
1) are referredtowW (1) , W (2), ... M (p) ( step 102 ) . Inthis
exanple, this will be carried out by the waveform shaping controller 25 50,

gPd.the Hg???%@deggﬁﬁﬁ¥@9p%a%%esHBpEH%Qe%%eghe beam 17 controller 59.

ws an exa On the other hand, the ideal

vafies o Seamit O Bod M L ety b f 5, )

Wli (p).. Settin of the i deal val ues may be varied according to a
pur pose 8Vaé§étepbﬁé3%? °f H h At %%%TRMQﬁIQfOFhFhEhé58§Q bahki @bes not
represent the geonetrlcal hei ght and wi dth of the beam spot of the actual

i on beanPgamNakEl §1se Hehe et hisdted drin st itheldepingvigdthswhirbstgat ed as
a beam current instantaneous value in the vertical axis and the above
sweepi ngtbegriade $n(the dhreheiborifzeoneapingitdhe Thereédmwer ttive ebleadm hei ght
now referred to is the beam current instantaneous value and the width at
each of Therbéoghktsbyetbectsllhrggebaetilecakovtdthcolenhbhewbehimspiod. 15
Nanely, the smaller the geonetrical width of the beamspot is, the smaller

the w dt hcatleashiah thbdesghtBats.th¥extini fhed devieatiboed-Whip 0§ the
beam wi dth at each height fromits ideal value is acquired fromthe

fol | ow ngneguakian HteP d031he BYEROlIcWrisnt@NokNkegers fptl Shlrde®d. 20
Quantity ~Wi(q) is a zero or negative value. In this exanple, the

processi BQr%EQl%OBE%ﬁ’N $rﬁ@”%l‘i£‘e§‘1¥\é|éf b@h@”&l‘ué%é(dcﬁéf’c%l@%e?% fhe beam

controller ere If > W (q),

;}Nj(w I $heelwd &g 0?3 Ehe quant 'btevagg\égmmgﬂfeleama R %egiéfépgbﬂeew ation

state. As a result, it is possible to prevent the beam current

of the charged particle beam from becoming smaller than that
before the control of the electrostatic lens.

The ion implantation apparatus according to the

15 invention is characterized in that it comprises a Faraday cup

for receiving said swept ion beam, and a controller for

controlling said electrostatic lens on the basis of a measured

signal sent from the Faraday cup, and in that said controller

has functions of: measuring a beam quantity of the ion beam

20 and a beam width thereof in its sweeping direction at the

position of the Faraday cup; calculating their evaluated values

with respect to their prescribed standards; assigning weights

to said evaluated values to calculate the unified evaluated

value which unifying their evaluated value; and controlling

25 said electrostatic lens so that said unified evaluated value



18 the beamw dth at a certain focusing voltage Vf (n) is acquired from
the followi ng equation (step 104 ) . Since the quantity ~Wl (q) is zero or
negative, the quantity ~W(n) is also a zero or negative value. 5 ~W(n) -
{p/ (p+1) }x W (1) +{ (p-1)/ (p+1 }xoM (2 +... +{l(p+1)}
x ~Wd(p) (10) Equation (10) neans that the beam waveform as shown in 10
Fig. 3 is given heavy weight at the point closer to the peak where the
current value is larger. Assumng that the | argest absol ute val ue of the

el enent s; of ;g ERlelS ~Wm, _, the eval uated value ROV (n) of the beam w dth
is acquired by the follow ng equation (step 105) . The quantity 15 RAW (n)

Lhe same o1 ve SLFEG S OGO n?hpgé%ﬁg)eclioﬁangagffgﬁg vﬁ”%'lgeé@%tergag'r "
ML CepReyo) T a3 L i PulePE 6F Il Fialt Wi cBs st The

focusing oIt 8 Lil%% t he evaluated val ue Rl %n% of _the beam quantity and
the eval @ t%ﬂn 5P tel AR 1)L S6tt 1R elfm AWGTdt RSt hBeUh? FREEY k@R udtted val ue
Svf (n) of the beamat a certain focusing 25 voltage Vf (n) is acquired by
t he Pol | b PRS ehkt i oh PESVep t10bF bean cumpentygiff thg evaPhal @d Redue SV
(n) increases as the evaluated value R (n) of the beam quantity increases.
On the cbnpmabgcogiinge siiad levalWstredt vat uee e nfhescerattgodr of régat i ve
val ue as descri bed above, as the absolute value of the eval uated RAW
electrostatic lens. Thus, the purpose of acquiring the large

swept beam current can be attained more surely.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a view showing the main part of an example of
the ion implantation apparatus for carrying out the control
method according to the invention;
Fig. 2 is a flowchart showing an example of the control
15 method according to the invention;
Fig. 3 is a view showing an example of a beam waveform;
Fig. 4 is a schematic plan view showing an example of
a conventional ion implantation apparatus;
Fig. 5 is a view showing the main part of an example of
20 a conventional ion implantation apparatus;
Fig. 6 is a sectional view showing an example of an
accelerating tube having an electrostatic lens in Figs. 1, 4
and 5;
Fig. 7 is a view showing an example of the relationship

25 Dbetween a focusing voltage and a beam current; and

14



5 (n) increases, the unified eval uated value SVf (n) decreases. Synbol DI
and DWare integers which represent weights. Both are generally 1, but may
be varied according to the purpose of use. SV (n) - DD x Rl (n) + DWx RAW
(n) (12) 10 The focusing voltage Vf which provides the | argest eval uated
value SMf (n) is acquired (nanely, selected as a solution) (step 107). The
focusi ng vol tage Vf produced fromthe focusing power source 39 is
controlled to this value (step 108). Thus, the control of the electrostatic
| ens 15 i ncorpprateg i l.e [ uhe [ ed, nified
eval uated val ug'{g\/f?n%yiihgfe?ggggd%%l%gtﬂgﬁl §§$h§e§§§]§hg§'e§wsg ey (n)
of the bggg¥gua?tg&%egf the ion beam 4 but al so the eval uated val ue RAW (n)
of the b&am W dth |cﬁ'represents the size in the direction of sweeping
the ion 20 beam . Therefore, by controlling the electrostatic lens within
the accelerating tube 8 so that the unified evaluated value Svf(n) is

i ncreased, i.e. controllingﬁthe focusing voltage Vf applied to the

el ectrostati c PRRRILFR HPRS¢REPRELR| @F aTHRgPREFERBD BYBRDPEMENKe beam current
of the swept ion 25 beam 9 and the size of the ion beam9 in the sweeping
direction 20 F&an besmpgpvorineiheding theimajn afartalsife ast akemphs af resul t,
unli ke the conventional art, it is possible to prevent the ion beam from
bei ng conhbeolbrdimplehttttihe spptrbéam €arreatrriyspy osti hbeeasedrdlut t he
beam di aneter d' is also 5 increased, and hence Equation (7 ) cannot be

sati sfi edetNadedycortiing postidlietantiraverhet batheamenangsinent dhe swept
ion beam 4 frombecomng smaller than that before the control of the

el ectrostpki gohenmpMahbih ibRe apgeelenat iing dude & dhwisn 1Merpyr ppse of
acquiring the | arge swept beam current can be 10 attai ned nore surely.
Addi tionghkyefbhe, Codfdrimy B8 nBees Off igRRerghdg e description
10 relative thereto, the explanation will not be repeated. In
the followingdescription, like reference symbols refer to like
or corresponding parts in the conventional art shown in Figs.
4to6. Adifferencebetween the invention and the conventional
art will be mainly explained below.
15 First, a brief explanation will be given of the
difference of the configuration of Fig. 1 from that of Fig.
5. In the ion implantation apparatus shown in Fig. 1, the
waveform shaping'controller 50 has also the function of
measuring the beam quantity I{n) and beam width Wd(p). A beam
20 controller 54 is also provided for controlling the focusing
voltage Vf from the focusing power source 34 (i.e. controlling
the electrostatic lens incorporated in the accelerating tube
8) on the basis of the beam quantity I(n) and beam width Wd(p) .

In this example, both of the waveform shaping controller

25 50 and beam controller 54 constitute the controlling apparatus

15



di verging the ion beam 9 using the trimmng Qlens 10 (see Fig. 9 ) which
is a magnetic lens. In this case, the nethod descri bed above nay be applied
to control the trimmng Qlens Z0. 15 The nethod descri bed above can be
applied to the control of the other charged particle beamthan the ion beam
4, i.e. the electronic beamin an electronic mcroscope. This invention,

whi ch is configured descri bed above, provided the followng effects. 20 In
accordance with the controlling nethod, the unified evaluated value is

affectedeby bohtoblyihheraeakuatedosalta ofl die Rpampgatdd VipfrHhe
charged particle beam but also the evaluated val ue of the beam w dth which

repr ese i i i rect S in ed rticl e beam
25 Ther ol S7el CEy oht o1 g t he I eSerost oty s one At thed 202

e boam LTI BRESD L B S e 5o SBhr 1 CF C oo ERFAAB PC At 28 o the

charged particle beamjn the sweepin irection can be approxiimted to
their preet®e &B%C%ng’f%ig‘?rgsg QxR &T%?gitp Y oSS bt 5%19(5&%} 1%he beam
current of the charged particle beam from becom ng smaller than that before
the eont3®P26Ft¥he el ectrostatic |ens. Thus, the purpose of acquiring the

| arge swept beam current can be attained nore surely. 10 In accordance with

the ion inpl alie 28/ Capphe AF LBY i e Filowdhprt odsFageoht polqtiaid edevi ce
havi ng a function of inplenenting the above controlling nethod and the
Far aday esapbanatios podsi e gbvenevénta trinet loedino € ucceritrodfl inlge tdwept i on
beam from becom ng small er than that before the control of the 15

el ectros¢éccrbenstidhisnst hecpuppaaeeadf iacqhier iawgdleerdt@nmge tSsuept8 beam
current can be attained nore surely. Wiile the presently preferred

enbodi mepdigd tthe piesesnt wiaregrirnonsasi bgeaoshewn 1ard siesehbbedant is to
be understood that this disclosure is for the purpose of illustration and
10 controller 54, etc.
A focusing voltage VEf (kV)which is an cutput from the
focusing power source 34 will be varied from V£{(0) to Vf(m)
in steps of {(VEf(m) - VE(0)}/(m) (m is an integer not smaller
than 1), in a state where one (e.g. located cent;ally) of the
15 plurality (e.g. 11) of Faraday cups 46 constituting the back
Faraday array 44 is connected to the current transducer 48 (this
state is referred to as “back center”). 1In this state, while
the ion beam 4 is swept (referred to “back center sweep”), (1)
the beam quantity of the ion beam 4 and (2) the beam width of
20 the ion beam 4 will be measured.
(1) As regards the beam quantity
At a certain focusing voltage Vf (n), the beam quantity
I(n) in the “back center sweep” is measured and stored (step

100 in Fig. 2). In this example, this will be carried out by

25 the waveform shaping controller 50, and the measured data I(n)

16



20 that various changes and nodifications may be nmade w t hout departing
fromthe scope of the invention as set forth in the appended cl ains. 22
What is cllainmed: /. . A nmethod for controlling a | ens used in an apparat us
for irradiating an object with a charged particle beam conpri sing:
sweepi ng the charged particle beam by an electric field or a magnetic
field; receiving the swept charged particle beam by a Faraday cup;
measuring a beam quantity of the charged particle beamand a beam w dt h of

the charged piticd eobedNydanpcWeenh ndrdsJj ectmmb@famt Seasborgadparticle
beam calculatlng a bean1quant|ty eval uat ed val ue by d|V|d|ng t he neasured

beam q“ V(Eﬁ/ %g gﬁéb%‘i gh‘??&éaﬁﬁ/ c‘é?%@%’t fﬁé&‘a’%ﬁ% x}%%@ w dth

eval uat e I'vi di ng erence etmeen an’i ean1 wi dt h
val ue and_t e, neasured nlmndth value assi gni ng

wei ght s 0 e P55 §U& EPFﬂaﬁvﬁh%‘ﬁle}dl {%gue aﬁa h% TR W F &Val uat ed

value to calculate a_unified eval uated value; and controlling the |lens so
as to i rfer@etihe ohi ¢i@E9%%al uated val ue. ?~ The method according to
claim/ ) wherein said nethod is effected by an ion inplantation apparatus
for ©rratlimkehgn adeobiestan intedper chbir ged paf tih cl &ieameasuremerdt hod
according to clainl, wherein said nethod is effected by controlling an
el ect roni hemiiediowt vt vemyingr bbeopecusingThel heghodf of ram Afnl), wherein
controlling the I ens conprises controlling an electrostatic |ens. 23 ~
The et hod Wf @d)aiim /stepseodi nVEornmny ot | Vhg(@ hk/ (ehs Brngrefsase cdiiter ol i ng a
magnetic lens. An ion inplantation apparatus for irradiating an object with
an ion arrangement I(n) has (m + 1) elements from n = 0 to n = m.

Assuming that the largest value in the elements of I(n)

10 is I the evaluated value RI(n) of the beam quantity is

max
acquired from the following equation (step 101). In this
example, this will be carried out by the beam controller 54.
RI(n), which 1is a relative representation of In, 1s an
arrangement having the size equal to that of I(n).
15 RI(n) = I(n)/I,,. (8)
(2)As regards the beam width
At a focusing voltage Vf(n), H is taken as the simple
peak height of the beam waveform as shown in Fig. 3 which is
acquired by the “back center sweep”. The width of the beam
20 waveform is measured indifferent p (p is an integer not smaller
than 1) heights. The beam widths measured at the heights of
pH/(p + 1), (p - L)H/{(p + 1),..., 2H/(p + 1), H/(p + 1) are
referred toWd(1l), Wd(2), ..Wd(p) (step 102). In this example,

this will be carried out by the waveform shaping controller

25 50, and the measured data Wd(p) is supplied to the beam
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beam conprising: a lens for converging or diverging the ion beam a
sweeping unit for sweeping the ion beam passed through the | ens; a Faraday
cup for receiving the swept ion beam and a controller for controlling the
| ens on the basis of a neasured signal sent fromthe Faraday cup, wherein
said controll er nmeasures a beamquantity of the ion beam and a beam w dt h
of the ion beamin a sweeping direction of the ion beamat the position of

t he Faraday cup, calculates a beam quantity eval uated val ue by dividing the
nmeasur ed-BRAFLAURRT istay,  byr 8 Maxi oGy, beam QpantilyinCcaheutatesca peam width
eval uated value by dividing the difference between an ideal beam w dth

val ue and the neasured beam w dth by a maxi nrum beam wi dt h val ue, assigns
wei ghts T0 the eval uated values to calculate a unlfled eval uat ed val ue) and
controls the | gns_.so to increase the unified e uated | u ~ The ion
i mpl ant ati on § ar'st L?g: E’FQ% %h \/é:eeaflel VA L5e P R Wa“%'t?l r?ﬁ'n hg®Q I'ens.

. The jon inplantation apparatus of claim§6 conpri an ac eleratlng
tube, whBR&PRTENeTIRRS (Pst ihcorBorat 8/ (R t He accel &ttt Fh el The
ion |nplantat|on apparatus of claim~, wherein the Iens is an electrostatlc
| ens.d | 0F L) are gefiegyecnppr dtd atd on Weggarat usdf () ai M-t ikerdi Bhehe | ens
is a magnetic lens. 11. The nethod of claim1, wherein controlling the |ens
conpr i sesdeant Felbiesgmaly @Ee@ﬁﬁ@@dgﬁ@ﬂqxdh@mst012.Pﬁnpd&ﬂ1Qﬂnﬂ$ﬁueuion
apparatus of claim6) wherein the . lens is an el ectromagnetic |ens, 25
.A9. A@ A@A However, the height and width of the above beam does not

S. AS. AS. Af . Af. Af. AL f. Af. AHf . Ay. ASHS. Al f. Al S. AHS. Aff. Ay! f. ASy. Ar. A[ 9. A@ AyA.
Ar?1 g() TEep2BEEnt the geometrical height and width of the beam spot

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca]c: a] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
]Ca] ca] caFcahead eal£8] i tAlGakCRMam&ly, the beam waveform shown in

: vl cTB| +d} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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Assuming that the largest absolute value of the elements

of AW(n) 1is AW the evaluated value RAW(n) of the beam width

is acquired by the following equation (step 105). The quantity
15 RAW{n) is a relative representation of AW(n), and also an
arrangement having the same size as that of AW(n). Since the
quantity AW(n) is zero or negative, RAW(n) is also zero or a
negative value.
RAW(n) = AW(n)/ AW, (11)
20 (3) Unified evaluation of the beam and control of the
focusing voltage
Using the evaluated value RI(n) of the beam quantity and
the evaluated value RAW(n) of the beam width, the unified

evaluated value SVf (n) of the beam at a certain focusing

25 voltage Vf(n) is acquired by the following equation(step 106) .
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SVf(n) = DI x RI{(n) + DW x RAW (n) (12)

10 The focusing voltage Vf which provides the largest
evaluated value SVf(n) is acquired (namely, selected as a
éolution) (step 107). The focusing voltage VI produced from
the focusing power source 34 is controlled to this value (step
108) . Thus, the control of the electrostatic lens

15 incorporated in the accelerating tube 8 is completed.

The unified evaluated value SVf(n) is affected by not
only the evaluated value RI(n) of the beam quantity of the ion
beam 4 but also the evaluated value RAW (n) of the beam width
which represents the size in the direction of sweeping the ion

20 beam . Therefore, by controlling the electrostatic lens
within the accelerating tube 8 so that the unified evaluated
value SVf(n) is increased, i.e. contrelling the focusing
voltage VI applied to the electrostatic lens within the
accelerating tube 8, both of the beam current of the swept ion

25 Dbeam 4 and the size of the ion beam 4 in the sweeping direction
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109 () - POV (ol BOUBmMEhylsh8@%&el) than that before the control of

the electrostatic lens within the accelerating tube 8. Thus,
the purpose of acquiring the large swept beam current can be

10 attained more surely.

Additionally, the control may be made of converging or
diverging the ion beam 4 using the trimming Q lens 10 (see Fig.
4)whichiseamaq£§3;;lens. In this case, the method described
above may be applied to control the trimming Q lens 10.

15 The method described above can be applied to the control
of the other charged particle beam than the ion beam 4, i.e.
the electronic beam in an electronic microscope.

This invention, which is configured described above,
provided the following effects.

20 In accordance with the controlling method, the unified
evaluated value is affected by not only the evaluated value
of the beam quantity of the charged particle beam but also the
evaluated value of the beam width which represents the size

in the direction of sweeping the charged particle beam.

25 Therefore, by controlling the electrostatic lens within the
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attained more surely.

10 In accordance with the ion implantation apparatus, since
it comprises a controlling device having a function of
implementing the above controllingmethod and the Faraday caps,
it is possible to prevent the beam current of the swept ion
beam from becoming smallexr than that before the control of the

15 electrostatic lens. Thus, the purpose of acquiring the large
swept beam current can be attained more surely.

While the presently preferred embodiment of the present
invention has been shown and described, it is to be understood
that this disclosure is for the purpose of illustration and

20 that various changes and modifications may be made without
departing from the scope of the invention as set forth in the

appended claims.
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width of the charged particle beam in a sweeping direction of the charged particle
beam;

calculating a beam quantity evaluated value by dividing the measured
beam quantity by a maximum beam quantity value;

calculating a beam width evaluated value by dividing the difference
between an ideal beam width value and the measured beam width by a
maximum beam width value;

assigning weights to the beam quantity evaluated value and the beam
width evaluated value to calculate a unified evaluated value; and

controlling the lens so as to increase the unified evaluated value.

2 The method according to claim /, wherein said method is effected by

an ion implantation apparatus for irradiating an object with the charged particle beam.

2. ' . The method according to claim/, wherein said method is effected by

controlling an electron beam in an electron microscope.

7[. , . The method of claim //, wherein controlling the lens comprises

controlling an electrostatic lens.
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beam comprising:

a lens for converging or diverging the ion beam;

a sweeping unit for sweeping the ion beam passed through the lens;

a Faraday cup for receiving the swept ion beam, and

a controller for controlling the lens on the basis of a measured signal sent
from the Faraday cup,

wherein said controller measures a beam quantity of the ion beam and a
beam width of the ion beam in a sweeping direction of the ion beam at the
position of the Faraday cup, calculates a beam quantity evaluated value By

dividing the measured beam quantity by a maximum beam quantity, calculates a

bearn width evaluated value by dividing the difference between an ideal beam
width value and the measured beam width by a maximum beam width value,
assigns weights to the evaluated values to calculate a unified evaluated value,

and controls the lens so as to increase the unified evaluated value.

7. I The ion implantation apparatus of claim €, wherein the lens is a

trimming Q lens.

. _ _ The ion implantation apparatus of claim ¢, comprising an

accelerating tube, wherein the lens is incorporated in the accelerating tube.
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magnetic lens.

11, The method of claim 1, wherein controllin

g the lens comprises controllj
electromagnetic lens. o

12. The ion implantation apparatus of claj

m 6, wherein the.lens |
electromagnetic lens, : o
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