. e3ejj,|h6FT]gf ' METHOD OF CONTROLLI NG{ELECTROSTATI C LENS AND | ON
| MPLANTATI ON  APPARATUS 5 BACKGROUND OF‘THE I NVENTION 1. Fiel d of gthgyN 2003

| nvention This lates to a fethod of controlling an
el ectrostatic dmmmm mmwmms used in an apparatus which converges/di verges
a charged particle hgam such as an ion beam 10 electron beam etc. by an

el ectrostatic |ens an smeep it in an electromagnetic field to be applied
onto an object-to-beirradiated (e.g. an ion inplantation apparatus and an

The. contr SEFRY RGN iR sERcrapn 18 1AL e ROE R el PR 1"

means for preventing the beam current of the swept charged particle beam
from becom ng smal |l er than beforeﬁﬁﬁﬁﬁﬁﬁu%w the electrostatic | ens by

per f or mi ng tgm!WHm mm Mm king the size of the charged particle beamin a
scanning dir sideration. 20 An ion beamis one of charged

particle beans. Fugise4 shows an exanple of an ion inplantation apparatus
equi pped with an electrostatic |lens for converging or diverging the ion
beam 25 Fig. 5 shows an enlarged main part thereof. 1 2 0 JUN 2003 The
ion ibplantation apparat (BAGKGRIDNN OF THE I BAENTIdNR sane as that di scl osed
i n Japanese Patent Unexani ned Publlcatlon No. Hei. 8-115701

(JP- A-8- 3115701 so-cal l ed hybrid parallel scanning

system whi ch sweeps 5 an ion beamin reciprocation/parallel in an

X-direction (ernds horvdaoiteh gi1fedd oy andedhb¥esrabBontrolling an
obj ect-to-be-irradiated (e.g. wafer) 22 in reC|procat|on ina Y direction

(e.g. verdigalrsivactd onknsyubspanti akLy dhoganal, Q%IBQFae{JQI Leglhon. The

ion inplantation apparatus i'ncl udes an i on source 10 for deriving she ion

beam 9, émﬁéxhtfé’sa)d/ ér%@%%%h@ré@é %?‘flt?t%t' VG Y A L4 %91 ForSREGHTI ¢ Ton

species fromthe 1on deri ved ront € 1on source an accel erating

tube; § 7o AGGRIEHAUINY Ac Ie5eLET B1L0O LDELL PR PEAMN B fcqlded f ngm the

an electromagnetic field to be applied onto an object-to-be-
irradiated (e.g. an ion implantation apparatus and an electron
microscope), and such an ion implantation apparatu§ for
performing the controlling method. More particularly, this
15 invention relates to a means for preventing the beam current
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
> L s f the Rel B
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 beam.

25 Fig. 5 shows an enlarged main part thereof.



mass anal ysis magnet 6, a trimmng Qlens 10 for renoving the 15
unnecessary part of the ion beam acquired fromthe accel erating tuge 8, an
energy anal ysis nmagnet 12 for selectively acquiring an ion with sb ciUN; 2803
energy fromthe ion beam 4 derived fromthe trimmng Q lens 10, a sweeping
magnet 14 for sweeping the ion beam 9 derived fromthe energy analysis
magnet 12 in the 20 X direction by a magnetic field in this exanple, and a
paral l el ing magnet 16 for bending the ion beam 9 derived fromthe sweeping
magnet 19 again.to.parallel-sweep the iaon beam 9 in cooperati iLth the
sweepi ng rragneﬁ}f4,18|n.39mpﬁ%%%§“gn ﬁglpglrla Y3 6i ‘%éoa"?ﬁ 45 Sﬁ%ﬁ]%\#hﬁeam 9
derived fromthe parallelijng nmagnet 16 2 Z 0 JUN 2003 is applied to the
obj ect - t CHE i rF2didtFd P HAWPTH dhol BT o B2 8 dnniURG 398dRES sm 18
and ions are inplanted into the object-to-be-irradiated 22. In this case,

t he obj edtullol Fretion Agi-aied- 8211974 (eh-Peli pto¢ali vang i s digeckedi recti on
5 by the scanni ng nechani sm 18. Cooperation of the reciprocating driving of
t he obj edie teo-Sse-Gaklatl drder 2P parith lshede siaerofng hey 9tem bdamio sWeglriszes
uniformion inplantation into the entire surface of the

obj ecb-t @rbeomnr badnat ed 2. prasaghomy garaHilel 5n apst+damn andrddengt.r eam of
the 10 object-to-be-irradiated 22, a front Faraday unit 36 and a back

Far aday wudizehtedle dirredgesh f emdeasiueament ofj edie ticehebaamadiana@dshapi ng
of the sweeping waveformthereof . The front Faraday unit 36 includes a

front Far@day. aefay)3® ¢ansdSitdtLafich PhW @'ditﬂé&fid:rﬁ(éldﬁy velHRs 49 al i gned
in the X direction 15 which is the scanning direction of the ion beam9. A

back Far agay. &1 &y) 4uSonshs1910f Srihdydhaly: of Faraday, cups, 46 aligned in
the X direction. It should be noted that the front Faraday unit 36 is

verti cal |y movadd Q oSiiians: e sCaresnand 10 Jdae 1.an siggplagtati on int o

the object-to-be 20 irradiate . e neasurenent by the front Faraday
o o100 TIPSR Mg YR N o, TPARUeTRIN ot 4 Dp ek Faad
' and back Faraday,ary axld Ang BAySA L 06 5A0R. 88 ANgeend! ogl aeed Tn
4 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
icn 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



25 Unexam ned Publication No. Hei. 9-55179 (JP-A-9-55179). The 3 ﬁ ﬁmﬁyN
2003 beam currents neasured by these elenents are taken into a w8
shaping controller 50 via a current transducer 98 which is a current
measuri ng nmeans. The waveform shaping controller 50, for exanple, perforns
the same control as 5 disclosed in e.g. the above JP-A-9-55179. Nanely, in
short, the wave form shaping controller 50 creates a sweeping signal S (t)
whi ch causes the sweeping speed of the ion beam 4 on the

obj ect -t arberlriadi abedzet gapproacha, constant .yl up nThis, 31gnah s, 2

function o e ower source I €S a sweepi ng

signal S (t) dnto a sweeping current_J ). t he sweepin urrent J(t) is
Suppli ed 44%ha SeARRiRE HATHELL B Tornd Lol oFRg T TP bed drbbrte
invention, jt is to be understood that various changes and nodifications
may be neth SEEHAUTPTesIF3¢tatRA t 82t he Iabde com$dl bheJpbAestsse79. 15
Meanwhile, it is necessary to inplant the object-to be-irradiated 22 with
i ons havilry idesi ¢ieak et &gy saddl beth oregi iy aw desi Ined nspleeiesligcaidesi red
gquantity at substantially prescribed ion-inplanting tine. The ion species
are seél edted Usé ngsthenabgve memdsnd@Gmanal §si s negpetrHt bow enér gyhanal ysi s
magnet 12 . The ion energy is determ ned using a power source (not shown)
for the imerigource thantllioriran ot adlee vitjican/~-dectleeriatraai spewker 2sansce
(accel eration/ decel erati on power source 32 in Fig. 6) for the accelerating

tube 8. Hwedapian idfy tofe L6R bephantadd Divés A Lo el edpusinrattiba current
val ue of the swept beam (current 4 2 0 JUN 2003 value of the swept ion

beam 4) measyiret bh@ Hosa, Faladayr Shatd d-to-gder Fr o, Fagagay unit

36. In order to carry out the ion inplantation processing
As shown in Fig. 5, upstream and downstream of the

10 object-to-be~irradiated 22, a front Faraday 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 wunit 36 1s 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



at a scheduled inplanting tinme, the swept-beamcurrent value 5 of the ion
beam which is to be applied to the object-to be-irradiated 22 nust be set
at a prescribed value cal cul ated froma necessary quantity of i npl 8niUNt20Bn
and a scheduled inplanting time. A means for realizing this is a technique
of controlling 10 an electrostatic |lens for convergi ng/diverging a charged
particle beam (ion beam4 in the exanple) by an electric field or nmagnetic
field. Generally, such an electrostatic lens is used to increase the swept
beam cur redd, obha Bds aheLUg BAS kY Ahe theEphiect s to- berlrradiated 15 In
e, the e C edinth

this exanp ectrostati ns 1 ncorpora € accelerating tube

8 i trolled. This techni i 11 i nl | ai ned bel ow.
et dent a1 755 B TRERNT GUECBF BONEY of 11 RGt Ao CE ERREng “ONHEHe =Fo 4 ch i s

a four-pole, tl)\/p,e magneti c | ens can be adopted. 20 The accel erating tube 8
shown i n "HRCh 61Fs Bp&irdanty MRS Wahy deeihat df 381 Ba¥E LA™ S55ked¢ Pat ent
Unexam ned Publication No. Hei. 8-273895 (JP-A-8-273895). The accel erating
tube 8 i sceteelbert §0a thag gapartmkee- peréecrppe thFhesaeeeFentatirhg asube 8
has a structure in which a high voltage 25 side el ectrode 26 and ground

si de &l eddradkbo28d are arg.anged éhove2 IP-HIMN-200F v Name lgn iims whatrdr, 29 and
a focusing electrode 30 is arranged between both el ectrodes 26 and 28. A
vol t age ftdre acowed By@at istrapdmgdeceltepal eansD scappt ¢ et aiamgem patilynellect r odes
26 and 28 from an accel erati on/ decel erati on power source 32. A focusing 5

vol tage 4 (t5 vppdh eduselswens theepi gl uoddnasr sndeishepbande &6 tard the
focusing electrode 30 fromthe focusing power source 39 . Both power

sources 3 3o Cod- LOM d LAt ddne 208 anrwhha@g@oh@@wkm@iw. anthis
i ndependently. The electric field created anong the three el ectrodes 26, 30

and 28 S N&sa S @M 10,6l eLd4 a5t alirfe 1€NS A QL eBAVES YRR Ofs H QS gng the

ion beam 9.  Therefore, an electrostatic lens is incCorporated in the

acceh gratifg, { ppes 8 s%’?&ﬁ%%{ﬂgsgﬂcggﬁli 8960 9. t%véegaieggp Ghation il be

gi ven of a convention I ncreasi ng eam current 15

- given of ti'onal T "1 hcr east fig t he a

of contr 0115 T i GFEEaN e | het TRRDr For ot 6'S e B ati ng tube
8. All th it .g. 11 f. the Faraday. 96 ast i, t uti t he back
Far aday 99" G5 CORRLE SR plral Vel Too20 s Wb CEPFERE” P BndBubér 266 - In-

this st atueﬂdépsetg)gg'ﬁ‘fa gv\alxglito% echanges and modifications may be made

without restricting to the above control of JP-A-9-55179.
15 Meanwhile, it is necessary to 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



Vf which is an output fromthe focusing power source 39 is varied to alter
the potential of the focusing electrode 30. Therefore, the status of
converging or diverging of the ion beam9 at the electrostatic | Juntdomi3n
the accelerating tube 8 is changed 25 and thereby the rate of the ion beam
9 lost during 6 2 0 JUN 2003 transportation is also changed. Thus, the
rel ati onshi p between the beam current nmeasured by the current transducer 48
and the focusing voltage Vf exhibits a hill shape as shown in Fig. 7. In
this case oCHS| v e Vi mx givin 5, axi amcurrent is
sel ected %asﬁéésgfuyp%ns% d@t I fbgezaﬁnsiqr)lgm\?gls@‘ggg W ?sé%sgér% b%fraﬁﬁai% 4\(j2al ue.
Thus, the contgol IS ﬁonpleteg. In the con%rgl met hod as descri bed above,
by varyi nig-tRe"f8ch8i h§evoFPAGeF9Fadey) UPhE Pite of the ion beam 9 | ost
during 10 the transportation varies so that the beamcurrent at the
position of thelDHEERL tTR beRTFY i tattdte Vit PRI @D AP TRGFSGiNg angl e
of the ion beam after having passed the electrostatic |lens varies so that

t he size gevramthrsdialediiaw)]l agrft itrfee tilow  behm Avwert theaposi i gt ofa liuge
object-to-be-irradiated 15 22 also varies. The purpose of controlling the

f ocusiong @bl thge ivin il=dm wbfohr ésa tlcarge gprhiedytof thwemhjeedmtour rent at
the position of the object-to-be-irradiated 22. |If the effect obtained by

t he varyilwg-1heafbeusd P waldtapge Métrasiadpsesaronky 20l tdealkometiedem (1 )
, the above control nmethod can achieve this purpose. However, actually, the
effect offf@h acewkessiary taneatsly.offhenst ofcationt hedahoweneonilcel

nmet hod, as a result of controlling the focusing voltage Vf, there is a 25
possi bi | i iy Phnt hegfpLhow ng case. That is, the size of the 7 2 0 ~uN
2003 ion beam 4 at "the position of the object-to-be-irradiated 22 varies so

that the area to.he et fy, INe i pRibean S Lecahsgubnst eaadoAs R result,

contrary to the purpose, the swept” beam current at "the position of 'the

\‘,’Mb{ leﬁfg‘et 05 Reehladiated 2 22 JBY (RECUB, J 855 AN i PT 9 eneQildel - Thi's
- particle beam (ion beam 4 in the example) by an electric field

;DI magnetic field. Generally, such an electrostatic lens is

used to increase the swept beam current obtained at the position

of the object-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-pcle type.

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

25 side electrode 26 and ground side electrode 28 are arranged



explained in detail below The area to be swept by the ion beam 4 depends
on the size of the object-to-be-irradiated 22 and the size of the ion beam
4. Now it is assuned that the spot shape of the ion beam 10 4 (40 JUN 2003
sectional shape of the ion beam 9 before being swept) is a circle having a
dianeter (err) and that of the object-to be-irradiated 22 is a circle
having a dianeter _p. In order to make ion-inplantation for the entire
surface of the object-to-be-irradiated 22, the ion beam9 nust start from
the 15 stat et he.l.on } i | i ¥ele]

to-be-ir r@dﬁ%ﬁég{hﬁﬁf%lgsggoza%%%@é fo%cj%%trl?%-qgg?%roid%d?gtelesggﬁgghgregss t he
surface t he object-to-be-irrad at 2, ;and.final reach the.state B
wher ot ha T BIEHRART FL8REroRRp A R)ERnT T dUPO RS A BCEeR6 0ELDP adi at ed
22. In the return, the 20 ion beam 9 nmust nove simlarly in the 08 osite

di recti orPT GHFEIAT3L1UN TV EPPsHELPELUARNL OB 3l eetradet h e Bbove
movenent can be assured even if the size of the ion beam4 varies and the
obj ect - t of iy gy agrategag2osl fgpel graeiPatravdr Gaurcs B2 gt fpesisinen. 2S
Therefore, the width to to be swept by the ion beam 9 can 8 Z 0 JUN 2003
be expresselt dye tMe ifobbphi ad juedrotheNafrghyyo hsa¢des isjsoe ldicametier d of
the ion beam 4 increases, the width Wincreases . W=D+ 2a + d (1) If the
sweepi ng 3% dnkl dice faldusing ehect ondb&dnt domxderdschstihg patare spepresent ed
by Equation (1) , the rate of the ion beamwhich is not applied to the

obj ect -t B3be- Botadpaved s2iruds IAehed3 4 raheasesrol nhersetput vblickges t oo
small, the ion beam9 is not applied onto a part of the

obj ect - t orherv Id @4l By edlnd Bohllegéea@nt 1 festhede1dberetorec1af teeathe
operation which 10 may vary the dianmeter d of the ion beam9 during its

set-up hagheen+Gar i gheOulel JRSLIRL 05 NOt3f hgnpr esenk3YBRt A edn
satisfies Equation (1) i1s checked (this i1s referred to as "over-sweep

checkoy AL SRR Yor S o U SR LUk oo
~width by 4.he’Iih%r}e%ar@,asanaelectrostatic 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 lens
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 trarsducer 48. 1In this state, the focusing voltage
V£ which is an output from the focusing power source 34 is varied
toalter the potential of the focusing electrode 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 1ion beam 4 lost during



result of the sweep adjustnent varies, the swept beam current varies. The
reason therefor will be expl ained bel ow. The swept beam current neans the
guantity of charges Q 20 which has entered a certain region for a 2JhidN 2003
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 aunit tinme is taken as the swept beamcurrent in the Faraday cup.
However, now, in order to 25 sinplify the issue, the swept beam current at
the object_ 9 ZrQa#UN 2003 tg-be-irradigted 2 mﬁlg be t hought about. As
seen from PGP R HPRe Tverdfiep ittty a 14 as5lifed TtEHHy, the
quantity of charges C&mhich enters the object-to-be-irradiated 22 per one
sweepi ng {OEE FBURASPERT SUBFeRheMFanuhedntY Bah BE B dsitr IG5y a spot
beam current 1SP by the follow ng equation, Now assuming that t is a tine
while thet§ ebedrf if9 caFpinedolsagreVbbpeleibibs tﬁemrlrlaagap@dazzsfmm ng its
hal f sweepi ng(one way) and the sweeping speed of the ion beamis v, t =
D/v. 10 Qr= B8P x7 2t Yr2)this tdes eapparfatass ides ordlied s v ft.histi wirbpdihent , the
sweepi ng frequency of the ion beam4 is always fixed to a constant val ue
regar 8l essaxintm idemnsweepieng i diell echerdest .a Fheneionand bresieapiing speed
v of the ion beam4 is a function 15 of the sweeping width (swept area).

Concret elypltdgeawsbei expreassed Byikheyd Dhd owi mgukquath®necoht rbs assumed
that tswis a time required for one sweeping (one round trip) and takes a
certain pyagsrébed. tine. v = 2Wtsw ( 3 ) 20 The swept beamcurrent | for
the object-to-be-irradiated 22, which is a value obtai ned when the quantity

of charges Q whi,Lhr@ntehs rbhendPi &8st Qeberibeadiird 2% PEEyPRE t3RANNI Ng
is divided by the tine required for the one scanning, can be expressed by
focusing voltage Vf, (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 contrelling the focusing voltage V£ is
to acquire a large guantity 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 VI, there is a

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



25 1 - Qtsw 10 2 0 JUN 2003 - ISPx 2 { D (2WtsW } /t5W- I1Sp x DW -
ISP x DV(D + 2a + d) (4) In Equation 9, any other ampunt than ,~is a
constant. 5 Therefore, in comparison in the states where Equati 02 (MN 1‘0@1
satisfied, as the beamdianeter d increases, the swept bean1curr|%
t he object-to-be-irradiated 22 decreases. Using these rel ationships, as a
result that control of the focusing voltage and the subsequent sweep
adj ust mrent have 10 been carried out, the condition for naking t he swept
beam current .| |arger than_tha befo e_control swept
beam cur rSnp TeBRIERE CAE BBALFSPTcah HeS dbpTa T L3e 1 beng
Equati on and the swept beamcurrent |' after . the control can be
expr essed %gl?ﬁeﬁ?cﬁq%ﬁmqﬂf £5°Bqhat Pore{BYL LA 1PRePEBRL  of S RdS Deen
carried out, the spot 'beamcurrent |Sp varies by the action of the above
item (1). 1MTRES 2F 8frentAS vihi KEF Uit | GeYyrane Hpgerrdennbade a s swepibol ()
| - ISPx D (D+2a+d) (5 201" - ISP x D (D+ 2a +d ) (6) Thus,
it can bebenterst veut t diat thd e auindian orf ftdre weKieny Ht'g-be> ik risglitafed
foll owi ng Equation (7) (Isp' /lsp) >( (D+2a +d ) / (D+ 2a +d) } (7)
Howevér, 22tmall pecEgualleen (Rpncahnat dHes orecessamdly 25hdat mdflilede Al so,
it is not possible to know before the control 11 2 0 JUN 2003 whet her or

not Equatéomlédinew bh Betsaliséied. Therefore, as a result that the control
of the focusing voltage and the subsequent sweep adjustnent have been

carried out, itrh@appens tdhale IHRWeR! HRANEUHRM @laddddbion the

ect-to-be-irradiated 22
size of the object-to-be-irradiated 22 and the size of the ion

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-
Ee—irradiated 22 is a circle having a diameter DR. 1In order
to make ilon-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-ke-irradiated 22. 1In the return, the

20 ion beam 4 must move similarly in the opposite direction.
Generally, an over sweep quantity 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 fromits
right position.

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



5 becones smaller than that before the focusing voltage control is made. In
this case, although it was a purpose to obtain a large quantity of SMﬁFt
beam current at the object-to be-irradiated 22, the purpose cannot Z8eJUN 2003
attained. It can be said that the control has ended in failure. 10 SUMMARY
OF THE I NVENTION I n view of the above circunstance, this invention mainly
intends to provide a nmethod and apparatus capabl e of preventing the beam
current of a swept charged particle beam from becom ng 15 smaller than

before cantrol by the electraqostatic |lens by.performng the control taking
Lhe i ze 6F THRECHATOeE pald fo ' BEAI ISRFtdRBepi NG aR¥ect PoRn? ritkdt
consideratjon. The nethod of controlling an electrostatic | ens according to
the i nventt¥RETRT ch&FatReriYe P FfetRFiEREe Sy S0 SNt icHal Pt cl e
beam by a Faraday cup to neasure a beam quantity of the charged particle
beam and & belnt wedt h dhereof in(ilts sweeping direction; calculating their
eval uated values with respect to their prescribed standards; assigning

wei ghts to sai dl evdleuavedpvabuesdtiv asdlwaillat ©yt bie¢ ri amibfeiaed4 exvatamated 25
val ue; and controlling said electrostatic lens so that said 12 ZQJUN2003

uni fi éd eviaé vatled: vapueskatedasedspct ithe (Upj fited ravel oatweeh vahuedns
affected by not only the eval uated val ue of the beam quantity of the

charged parititiel €sbgam bpplakgotbhe hevalpjaied tvalke iofr ddie teammigdith whi ch
is 5the size in the direction of sweeping the charged particle beam

Ther ef or a2 ye §0MME A 441, e &I ROty OStrat tCi 4 ey WidaNiin the assel&amating
tube so that the unified evaluated value is increased, both of the beam

current of {de 16har ged opar bh et ec beam ajid dhe & 2% of r 118 £hat ged

particle beamin 10 the sweeping direction can be approximated to their

preferabl g, sfal g, .48 @e%f?é‘ét ’ fﬁebﬂéf&Pé,Siatheﬁﬁt Y E‘oﬁé‘%ah%jth& Reameurrent

of the charged particle beamfrombecomng snmaller th

10 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 quantity of charges Q

20 which has entered a certain region for a unit time during
scanning the ion beam 4. Generally, the gquantity 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-



before the control of the electrostatic lens. The ion inplantatiaon
apparatus according to the 15 invention is characterized in t hal 0 JUN 2003
conprises 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 fromthe Faraday cup, and in that said controller has functions of:
nmeasuring a beamquantity of the ion beam 20 and a beamw dth thereof in
its sweeping direction at the position of the Faraday cup; calculating

their eval uated val ues wth respect tg their prescribed standards;
assi gni ng'L T egH%r?%lasfa% &/é’f &e vt}I’?féq}tt Tulate the unified
eval uated val ue which unifying their evaluated val ue; and controlling 25

sai d el ectrost &5 ge¢RAZBF thaf , sidi BhamvRired cePalrR eHt Y&l ieagsuregd 0 J U N
2003 is increased. Since the ion inplantation apparatus conprises a

cont rol | iSi fdes/d @t hawi Blge a atanétiton ©f ¢hpreaenti md itde emteod bhe
controlling an electrostatic |lens and the Faraday cap, it 5 is possible to
prevent tdie dsetant ctheentradiated SAeperi one besardyogn becomongdstmiber t han
that before the control of the electrostatic |ens. Thus, the purpose of
acqui Bi ngpft héhd draye bewept beanbe usxEnd s o= Uxeiraf taisped beee sureeyt 10

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a view shcwing the nain part of

an exanplme Qcﬁdy t1ge | AT 1 gV reN terful Y APP AT US sfudli ngarhitng Qut at Bemeont r ol
met hod according to the invention; Fig. 2 is a flowhart show ng an exanpl e

of the copid thr MBLNBAaRCLOTANG 4P @ heN¥BRELODL 0EbE-1Brhdiat¥hew
showi ng an exanple of a beamwaveform Fig. 9 is a schematic plan view

show ng a1y eXATD @ (s 3:00NKRALIANR Jn oIl aPkathen s38881 AkUSHeELY - 5 1S

a view showi ng the main part of "an“exanple”of 20 a conventio I on

i npl ant atj.on appgtatys. Fg. 64 s aD/s‘pcti onal view show ng an exanple of an
accel erat1'ng tube having ‘an €l ectrostatic lens in Figs. 1, 4 and 5;

10 Q = I, x 2t (2)

In the apparatus described in this embodiment, the
éweeping 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 = 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 = Q/t,,

10



Fig. 7 is a view show ng an exanple of the relationship 25 between a
focusi ng voltage and a beamcurrent; and 14 Z 0 JUN 2003 Fig. 8 is.a view
for explaining the necessary sweeping width of a beam DETAILED DESARYBN 2185
OF THE PREFERED EMBODI MENT 5 Fig. 1 is a view showing the nain part of an
exanple of the ion-inplantation apparatus for carrying out the control

nmet hod according to the invention. The entire arrangenent of the
ion-inplantation apparatus is such as shown in Fig. 9. Therefore, referring

to this figure and.the criftj.on relative thereto, the explanation
Ze 4 e A o

wi Il not be repeat H§Wdescription, | i ke reference synbol s
refer to like or corresponding parts in the conventional art shown in Figs
4 to 6. A diffé&réacé BEtween the invention and the conventional art will
be mainly explained below. 15 First, a brief explanation will be given of
the difference of fihe xcdnflgur&d on df Fig. 1 frométhat of Fig. 5. In the
ion inplantation apparatus shown in Fig. 1, the waveform shapi ng controller
50 has al so therf dHmtatdgrorofd ,neasurdtige it kencheemtdquantd tiys la (@Onsdeditbeam
width Wd (p) . A beam 20 controller 54 is also provided for controlling the
f ocusbng NModtafierd/f ifrr eondee fsaoudinng hpovestssurcer@4Equatei ocofit)r ald i ng t he
el ectrostatic lens incorporated in the accelerating tube 8) on the basis of

the beamspmaidfigd) 4)trpndhaand wngdde WH Incrdabdd) smexawdg, deetth of the
wavef orm shapi ng controller 25 50 and beam controller 59 constitute the

control | ing-apparpt&sr 1the AVLPNR003-hori epabsotéhngot hecgbgstsostatic |lens
i ncorporated in the accelerating tube 8 However, both controllers nay be

integrated to GaNSld kW@ el RR16OALNGKIILRY 2RPAr AL LS+ KL O dhtrol of

the focusing voltage and the subsequent sweep adjustment 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 =1I,xD/(D+ 20 + d) (5)

sp
20 I’ = I, x D/(D + 20 + d') (6)
Thus, it can be understood that the condition for making
I'/T > 1 is the following Equation (7)
(Isp’/Isp)>{(D + 200 + d')/(D + 2a + d)} (7)

However, actually, Equation (7) cannot be necessarily

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

11



t he beam controller 54 can be used to constitute the controllingb5

apparatus. Now also referring to the flowhart of Fig. 2, a det aid &dUN 2003
explanation will be given of a method of controlling the electrostatic |ens
incorporated in the accelerating tube 8 using the above wavef orm shapi ng
controller 50 and beam 10 controller 59, etc. A focusing voltage W
(kV)which is an output fromthe focusing power source 39 will be varied
fromvf(0) to f(nm) in steps of { f (M - VvVf (0) }/ (M (mi s an

i nt eger I t ha Lo in wh n e |.ocat ed

cent ?al I w%&sr%eoeglgo}{l ggéfa)cebn( é78 L§J1% %e {é(rfa a§df:ust fcoornes’t |a§ut| ng

t he back Farada a %%(?I S conne]gt efi t}(]) e current iransduc r 8 (this
state is are]f%?}] b %s Geentt yehe O?HFéngté’lP CagRi PBCt k€S on beam

9 is swept (referred to "back center sweep" ) d%) t he beam quantity of
the ion bEHdFYTRRARET (PeeheBesR ANdt hase Deent H?érréﬁ el 4 twheppreas
nmeasured. (1) As regards the beam quantity At a certain focusing voltage Vf
(n) , thehbeamhpugneprtybearuirenthét” bhe ko ert svieeptr iadimgasie@d and
stored (step 100 in Fig. 2) . In this exanple, this will be carried out by
25 thé wevetanes stredi gy ¢hvatr ohkerb&syrandet hecueasgred thegeacbntmplle 2 0
JUN 2003 is supplied to the beamcontroller 59 . The beamquantity I (n) is
an integriad eshdal uarofeiiie desm alittenigh nst antsare gus poaleue cobbthenbeam
waveformas shown in Fig. 3 and is represented by a quantity of charges. 5

Synbol n gengtgs Q]m.lalnrttl&@eroﬂfsQe?tnbéammcumeiqtrmﬁ@UEEGEEbbj'e&tC@"ou ed out
by varying the focusing voltage Vi fromVwf(0) to Vf (m in steps of (M (M

- Vi (0) dmrrdheselarss, e U eemeahnbenbehastbmaal) ® ezgnke fromn
=0ton=m Assuning that the |argest value in the elenents of I (n) 10

5101 e d 08 @Al ualedo¥al Usy B inalathe beamuant ity is acquired from

the follow ng equation (step 101 In this exanple, this will be carried
out by the beam controller 54. Rl(n) which is a relative representation of
In, 1s an arrangenent having the size equal to that of I(n). 15 R (n) - |

S (ri) /1ma (8) (2)As regar dgd A8 yPEAMME It RyEnTION

In view of the above circumstance, this inventionmainly
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 said 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 height of the
beam vvaveform as shown in Fig. 3 which is acquired by the "back g@niinr2003
sweep”. The width of the beam 20 waveformis neasured in different p (p is
an |nteger not smaller than 1) heights. The beam wi dt hs neasured at the

hei ghts of pH/ (p +1) , (p- 1) H (p+1) , . . ., 2H (p+1) , H (p +
1) are referredtowW (1), Wd(2), ... WA (p) (step 102 ) . In this
exanpl e, this will be carried out by the waveform shaping controller 25 50,

and the neas % d% V‘ﬁég)vi gusugé)1 lied to the beam 17 2 0 JUN 2003
control | et % ug An“Ex g’pf‘gcfﬁafﬁ ‘case of p 5 On the ot her

hand, the |deal val ues_ of beanMAdth at the heﬂghts of (p (p -

1) H (p + 2 " The unifigng eygluajed valuppl s af Bc%ﬁ%bWeF@Fr%l¥&W| (1) ,
wii (2) , (p).. Setting of the ideal values may be varied according
to a pur p@é@lwt%eva%@v@/ferthet keaReRyRNtafd Af delme othargednrs isdsem does
not represent the geonetrical height and wdth of the beam spot of the
actual idpededimd.cNegeihe avisd Usdad wavetcopim thewnedm WDdEh gvhixh sis
illustrated as a beam current instantaneous value in the vertical axis and
t he abovetievsepiengn shgndl re&{i19n ph gvWeediorg zbetcdlamyddpaTherébdream.t he beam
hei ght now referred to is the beam current instantaneous val ue and the

w dth at Bleehedbréhebhetght Soreit@citse ¢ hecigesieiticalenvd didtiofn tdiee beam
spot. 15 Nanely, the smaller the geonetrical width of the beamspot is, the

snmal | er thecav &t &t ahgeaeheofsd hendiei gRLS urs.fiNRKteva Nea €8N ghilae QM (q) of
the beamw dth at each height fromits ideal value is acquired fromthe

fol | owi ng; earakion, (sbeR |33)dnhe SyahAl c%rlr%n%n dnt eger s%p% Thtged P 20
Quantity ~Wi(q) is a zero or negative value. In this exanp e,

process! nga AOE EELESh THRMAEn.Hid loDRRNIIEl e P 3l ])ngtb%t e beam

controller (9) (wher

HRGH st 32%%%93?%%%%8@%%%%%35fﬁ@éﬁéf‘p{%esfé%?b o igtior
acquired {yom the ol LOMNG, §QUAL L (3118P+ § 9, dven Sk ReS LA JUAN ty ~vd
5f the charged particle beam from becoming smaller than that
before the control of the electrostatic lens.
The 1on 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
positionof 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

13



(q) is zero or negative, the quantity ~W(n) is also a zero or negative
value. 5 ~Wn) - (p/(p + 1) }x OM(1) +{ (p-1) / (p + 1) }x Wﬁn%@%? ..
+~1/ (p+1) } x ~W (p) (10) Equation (10) nmeans that the bea @}n1
as shown in 10 Fig. 3 is given heavy weight at the point closer to the peak
where the current value is larger. Assum ng that the |argest absolute val ue
of the elenents of ~Wn) is ~Wm , the evaluated value R-Wn) of the beam
width is acquired by the follow ng equation (step |05 . The quantity 15
RAW (n) is a.relativg representation of dw(n) , and al so an arrangenent
havi ng t he® sane’ Sf2&8%as that of OW(n) . Since the quantity ~Wn) is zero
or negative, R-Wn) is alsq zerp or a negative value. RAW( n ) - OW( n)
I ~Wra (1 1) 20°98) W f ite8 evBPLAPLEALER t MRPHEAM AnEFHHIISAS of t he
focusing voltage Using the evaluated value Rl (n) of the beam quantity and
t he eval ueeebrehl bed Rewiwe foavimeg abbamevien RE impd amdrtiew ehamedhed val ue
SVf (n) of the beamat a certain focusing 25 voltage Vf (n) is acquired by
t he fol | owf ngpreguat 1omng (a8t ep ekdBjostatdic 12n6 N 2ROF atedamidared ieval uat ed
value SVf (n) increases as the evaluated value RI(n) of the beam quantity

I ncr edsesis @oddibloonta atrgyvesitntketbeareval wadred ofathe Fwdiftn)iars bz@mo or a
negative val ue as descri bed above, as the absolute val ue of the eval uated
RAWS (n)fia;erpasesinghemdnilkiredevaluipitedoytdtie Gvé Contdetr edasese Synbol
DI and DWare integers which represent weights. Both are generally 1, but

may be vagiegh A6§05€lAA drs t henpur pere irpises o?evé;gairinata@ Rlarge) + DWX
RAW (n) (12) 10 The focusing voltage Vf which provides the |argest

eval uat edsyabtiep SYh (M) rksnacauhred L0anBhya mekeCcthe s, @ sol ution) (step
107). The focusing voltage Vf produced fromthe focusing power source 39 is

controlled to this value (step 108). Thus, the control of the electrostatic
| ens

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



15 incorporated in the accelerating tube 8 is conpleted. The unified

eval uated value Svf(n) is affected by not only the eval uated val ue Rl &H

of the beamquantity of the ion beam 9 but al so the eval uated val 8 JBK n)
of the beam w dth 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. controlling the focusing voltage Vf applied to the

el ectrostatic lens wthin the accelerating.tube 8, both of the beam current
of the swept | 0i®5 hadrPa AR thE SFOLe LR PRe 7o Beamr &Y ¥ Skbepi ng
direction 20 2 0 JUN 2003 can be approximated to their preferable state.
As a resuftdthinPfke Pe8Mconventional art, it is possible to prevent the ion
beam from being controlled so that the spot beamcurrent Isp' is increased
but the beam dianeter d' is also 5 increased, and hence Equation (7) cannot
be satisfied. Nanely, it is possible to prevent the beam current of the
swept ion beamDETAILBIARAGRIPERIGON | @Ff THERPREEERERfEMBODIMENDNt r ol of the
el ectrostatic lens wthin the accel erating tube 8. Thus, the purpose of
acqui 5 ng the |Rige Isdephk veam shiswemd e red nlPaatt afned ¢ Ssiros .
Additionally, the control nay be made of converging or diverging the ion
beam 4 ustig 1&e-imip ah g h enspdPafseerdt Gadr)indi Gl itha Jmgnetl c | ens.
In this case, the nethod described above nay be applied to control the

trimmng L248P8 déorddiddhadehiodndesehibhedraboyge: 628 Der At tar the

control of the other charged particle beamthan the ion beam4, i.e. the

el ectroni ghggggﬁ 'mﬁ[‘a§£§€§.59”55F§%§E?§29$3FPIN Sl @}A%ram QR MRy chyis

configure ed above, prov owi ng effects. 207 n

accor danc &é?o%@e %%rfterr(%lilnigngtgeﬁ %{Jel‘%?u}f’jﬁi falgl%g @{gl "f:?etsecq*i fli,l[éﬁ)ei S

af fected by not onl y 'the "éval’uated va e beamquantity
charg%d p?éiégisebgﬁg}gyé,aéﬁg égglanation will not be repeated. In

the following description, like reference symbols refer to like
or corresponding parts in the conventional art shown in Figs.
4to6. Adifference betweenthe 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 beamwidthWd(p). A beam
20 controller 54 is also provided for contrelling 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 gquantity 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



eval uated val ue of the beam w dth which represents the size in the
direction cf sweeping the charged particle beam 25 Therefore, by 20 JUN 2003
controlling the electrostatic lens within the 21 2 0 JUN 2003
accelerating tube so that the unified evaluated value is increased, both of
the beam current of the swept charged particle beamand the size of the
charged particle beamin the sweeping direction can be approximted to
their preferable 5 state. As a result, it is possible to prevent the beam

current of the charged rticle beamifrom becom ng spaller than at before
t he cont&&r(ﬁoﬁﬁégég%ﬁéf%%ﬁa??%0€§%§£a$ ﬁs?eFﬁelgﬁPﬁggéag?da&au%FFng t he

| ar ge swept heam current can be attai ned re surelg. ig I n accordance with
the ion EASHRTRGINT apPBFatlis, STOREVEY O seSnETEohEFBI M3Yy BBvi ce
having a function of inplenenting the above controlling nmethod and the

Far aday dap$9nateds tgossnpkatiseptbeen®nt hel beagnaaeituof aifeoBWEpt | on
beam from becom ng smaller than that before the control of the 15

el ect r osttds e brieontHold et hé qaur lpe s eof t acquistiingtehehd apgérswepngbeam
current can be attained nore surely. Wiile the presently preferred

enbodd nenrtppafr sthes .pr esent i nventi on has been shown and described, it is to
be understood that this disclosure s for the purpose of illustration and

20 that vari ouSioehahges eded mndj £bcghé answithy rieo frade; wWot okt depadt i ng
fromthe scope of the invention as set forth in the appended clains. 22 2

0 JUN 20@3%piEAR tidrCLi MEDLESigilkrerA ¢t BOdehkBbdC it r@bht AEL Bin@! epkrostati c

lens used in an apparatus for irradiating an object with an 5 charged
particl e eam LAMISING; s sivx@@&f%tgr;;{@d charged partielscbrambyean

electric field or a magnetic field;
using the above waveform shaping controller 50 and beam

10 controller 54, etc.
A focusing voltage Vf (kV)which is an output from the
focusing power source 34 will be varied from V£(0) to VI (m)
in steps of {(Vf(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”). In 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 gquantity
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). 1In this example, this will be carried out by

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

16



receiving the swept charged particle beam by a Faraday cup; 10 neasuring a
beam quantity I (n) of the charged particle beam and a beam w dth of the
charged particle beamin a sweeping direction of the charged particl el BeliN2003
wherein the beam quantity I(n) is an integrated val ue of the beam current
i nst ant aneous val ue of the beam 15 wave form cal cul ating respective
eval uated value with respect to prescribed standards of the beam quantity
Ri(n) of formula 20 Rl (n) - | (n) / Imax (8) cal culating respective
eval uated value. w th_r ect to prescribe tandards_of the beam wi dth
ROA(n) of ¥ GPRar4 55t %r‘?aj“ Ggﬁﬁ?{;weid%f-u &%& REFM NN THeY &i(R) aw n)
represents the, deviation of. the beamw dth at a certain focusing_voltage
VE(n): 30 288 Yht 7Y IeFYMES U0 O Fhe SParuat 88 hhl st 3 a8 QUis AP VEhei r
uni fied eval uated value Svf(n) of fornula 23 2 0 JUN 2003 sSvf (n) - D x
Rl (n) + QWbherRRaanyayedyrm andshwin ol Filgg dadad el eotapsstsarnited &is by
controlling the focusing voltage applied to said electrostatic lens 5 so as
to increaseysaitdi unidfii ethaawvadiat ed val ue. 2. The nethod according to claim
1, wherein said nethod is effected by an ion inplantation apparatus for 10
i rradpat igngnsdl abjRaiotdd harl hen e gede pard ircle rbeam 3. mEbgurehidad
according to claiml1l, wherein said nethod is effected by controlling an
el ectroniics heaRiidd antebeCtkoni fgM 6& OSSORE: nd Svdht Ae Ivan fird &at@yi on
apparatus for irradiating an object with an ion beam conprising: an
el ectrost@t ivee |(@N)s ihoktepBVEETI g @f) di ver gigng £ I orhRedMoré) anaweepi ng
unit for sweeping the ion beam passed through said electrostatic |lens; a
Far aday iVig §¥ept i %ﬁ%ﬁﬁ ant i
contrmI;%%}{égiﬁiﬁﬁé¥$@s€%?$c engjo%Qt e 52?2&3?13 négggégg sﬂghal sent
fromsaid Fara u i i rolle uantity
%@éuﬁﬁ&g}l gga\g?gfﬁﬁel%%nﬁdcc%%%le Eh Jéhgeflféﬂeer?tsa o%egg]ng

I(n), an integrate . urrent “i nstantaneous va f the
veeping 50 BrrectiGre ot ERESRhAPbEE BARTT It i Srot haCBBLH T ofsor sai d
vl uat ot S T i TROP eEbBr oL OB B BT erantr e b7 he BBaRTdBanti ty
fgg%l gf dormia RLG ah () L0, (8)e 2, te heam wath RyWn ,of
RI(n), which is a relative representation of In, is 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 ismeasured indifferent p (p is an integer not smaller
than 1) heights. The beam widths measured at the heights of
pH/(p + 1), (p - 1)H/(p + 1),..., 2H/(p + 1), H/(p + 1) are
referred toWd (1), Wd(2), ..Wd(p) (step 102). 1In this example,

this will be carried out by the waveform shaping controller

25 50, and the measured data Wd(p) 1is supplied to the beam
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RAW( n) - ~W( n) / OMax ( 11 ) , 10 wherein ~Wn) represents tZuﬁ
deviation of the beamw dth at a certain focusing voltage Vf(n); as igW§,2003
wei ghts to said evaluated values to calculate their unified eval uated val ue
Svf(n) of formula 15 SV (n) - DD x R (n) + DWx R~Wn) (12) ; and
controls said electrostatic lens by controlling the focusing voltage
applied to said electrostatic lens so as to increase said unified eval uated
value. 20 5. The ion inplantation apparatus according to claim4, wherein
said electrostatjc lens is.a trimuin lens. 25 6. The iaon inplantation
appar at usc%tc%‘%i%{:; ? “cl Z]lr‘?\'4,3 S ginnﬁxaaﬁ‘pi@c&ne}ﬁ% G *Cule, Pwher ei n
said electrostatic lens is incorporated in said accelerating tube. 30 25

A TLARAAT.AAAT.AT.AAAA
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+ {1/(p + 1)} x AWd(p) (10)
Equation (10) means 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.
Assuming that the largest absolute value of the elements

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

is acquired by the following equation (step 105). The gquantity
15 RAW(n) 1is 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 wvoltacge 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) 1s acquired (namely, selected as a

solution) (step 107). The focusing voltage Vf 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 1s 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. controlling the focusing
voltage Vf applied to the electrostatic lens within the
accelerating tube 8, both of the beam current of the swept ion

25 beam 4 and the size of the ion beam 4 in the sweeping direction
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10( the electrostatic lens w1th1n 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) which is amagnetic lens. 1In thiscase, 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 1s 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

21



10(=10% & () - JKEKKKKKLAB @ 10! df 10%<<& ()-3 F10%& ()- @ 10%& ()- &

109%& ()- 10%& ()-"10%& ()-KLNLLLM MeMIE_@ 10! +y109%<& ()- )10%<& (2-0 JUN 2003
' 9109%& () - 3940%& ()- y#Y10%& ()-s! 10%& () - eMVIWN=NDN| NdE_@ 10!

8y10%<& ()-6910%& ()-3 10%& ()- 1yl0%& ()- /10%& ()-

-y10%<& ()-| NNNNNNNN ObC' 10! 10%<&' () - 10%<& () -, &10%& ()- 10< 10<
10<=10%& () - 3: 10%& ()- O=OnO0O+PcPdELC' 10! Y 10%<& ()- @ 10%& () -9

109%& ()- 10%& ()-"10%& ()- 210%&' ()-cPPP Q QQQIELC' 10!

Uy #H10%<&' ( 0% & 09%& ( 10%&!
‘/3#100/@&-6(% %@%ﬁﬁ%sﬁ% oy fé’l *ﬁ)‘%&h?) }’#fé@é&'e(‘ﬁal‘zafb%&v%}ui t6ucs ()-)

10%& ()-' 10%& ()-$SaSSST! T" TATSTAYNC' 10! 10< 10<
10<=10%&NOr-LRSAA0WRRED) of  tdie 0osdM ( FLBTr 200w &f( )ty swept charged
10%& ()-$T. Ti TTTU UJEYNC' 10! mlO%0& ()- 10%0& ()- 10%0& ()- 109%0% ()-
10908 () = ri0%3% (Deant UdddUvhy] VAdE¥NCT1Qhef tOMDged) particle beam in
10908 () - F! 109%08& () - @ 10%0& () - & 10%0& () - 10%0&' () -] VWV VOWANIEYNC' 10! )
10%08' () hel B/ hgUr il OMACRA f \oayttb & GHIPR (Rimdt YO {d+ Ypreferable
10%08' () - WIXC XXXXYJEYNC' 10! 6 10%0&' () - 310%0&' ()- 110%0& ()-/z10%0& ()- -
1096085 () st akRYO&'s( 3 -1 MY YY¥2ZB GO 1 1 086t% by e(eY8hé )veand @Ori0H:
100=109%08 () - 3: @10%0% ()-8 10%0& () - 2ZpzzZ>[ y[ [ dEbC' 10! Ff 10%& () - @

10%& () of 18%<&hb)yed g%@&léle BOYR&EF fom HAYr H{q ~drid N\ Bl ? a0+
10%& ()-) 10%& () - LoE10%<& () - y#10%& ()1 10068 ()-1s g#10%<<&'() 111:

_EH 1 _JdEdr 10y éoébn%(}%@&'c(ﬁ qu#%@"é%%r(a)st%t%@’/ﬁf?ér(é 1 mpus, ¢ ,
10%& () -/ T#10%<& 0-- 10% FC 1 0<g’ ()2 1 FGos<s ()-

2 e Drer b 0 LI e sgspaaipibpdeis 10

10%&! O/ DddE "10! 410%<& ()-1 10%& ()-/ T#10%& () --
1ocy«&'8"“l%t%d§7 ?3 o‘éfﬁﬁqﬁ Dd dddddd((jzjxnbc 0 0

10 In accordance with the ion implantation apparatus, since
it comprises a controlling device having a function of
:"melementing the above controllingmethod and the Faraday caps,
it is possible to prevent the beam current of the swept ion
beam from becoming smaller 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 wvarious 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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Faraday cup;

10 measuring a beam quantity I(n) of the charged
particle beam and a beam width of the charged particle
beam in a sweeping direction of the charged particle
beam, wherein the pbeam quantity I(n) is an integrated
value of the beam current instantaneous value of the beam

15 waveform;

calculating respective evaluated wvalue with respect
to prescribed standards of the beam gquantity RI(n) of

formula
20 RI(n) = I(n) / Imax (8)

calculating respective evaluated value with respect
to prescribed standards of the beam width RAW({(n) of

formula

25

RAW(n) = AW(n) / AWmax (11)

wherein AW(n) represents the deviation of the beam width

at a certain focusing voltage Vf(n);
30 assigning weights to said evaluated values to

calculate their unified evaluated value SVI(n) of formula
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2. The method according to claim 1, wherein said

method is effected by an ion implantation apparatus for

10 irradiating an object with the charged particle beam.

3. The method according to claim 1, wherein said
method is effected by controlling an electronic beam in

an electronic microscope.

15
4. An ion implantation apparatus for irradiating
an object with an ion beam comprising:
an electrostatic lens for converging or diverging
the ion beam; '
20 a sweeping unit for sweeping the ion beam passed
through said electrostatic lens;
a Faraday cup for receiving the swept ion beam, and
a controller for controlling said electrostatic lens
on the basis of a measured signal sent from said Faraday
25  cup,

wherein said controller measures a beam quantity

I(n), an integrated value of the beam current
instantaneous value of the beam waveform, of the charged
particle beam and a beam width thereof in a sweeping

30 direction of the charged particle beam at the position of

said Faraday cup, said controller calculates respective

24
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the beam width RAW(n) of formula
RAW(n) = AW(n) / AWmax (11),

10 wherein AW(n) represents the deviation of the beam width
at a certain focusing voltage Vf(n); assigns, weights to
said evaluated values to calculate their unified

evaluated value SVf{n) of formula
15 SVf(n) = DI x RI(n) + DW x RAW(n) (12); and
controls said electrostatic 1lens by controlling the

focusing voltage applied to said electrostatic lens so as

to increase said unified evaluated value.

20
5. The ion implantation apparatus according to
claim 4, wherein said electrostatic lens 1is a trimming Q
lens.

25 6. The ion implantation apparatus according to
claim 4, comprising an accelerating tube, wherein said
electrostatic lens is incorporated in said accelerating
tube.
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