ENERGY BEAM | RRADI ATI ON SYSTEM AND WORK TRANSFER MECHANI SM TECHNI CAL
FI ELD [ 0001] 5The present invention relates to an energy beam
irradiation system such as an ion inplantation systemand an el ectron
beamirradiation systemfor irradiating an energy beaminto a work to
be irradiated by the energy beam and a work transfer nmechanism for
use i n suENEBysSt BiAMIIRRREDIATEONARTS TN @2y WORK TREGHWSIER MECHANISM hi s
type of ion inplantation systemincludes an internedi ate transfer
mechani smused to deliver a wafer between a platen for transferring
the wafer to an ion beamirradiation area and a | oad | ock chanber.
For exanfl@INHOEFHEIAY to an 15 intermedi ate transfer mechani sm
di sclosed in the patent docunent 1, right and |eft transfer arns are
structur[@@Ilduch that they can nove sinultaneously with each other to
thereby be able to arrange wafers in two rows on a single platen at a
ti ne5 wher eby Thhgrepend dessiingretesf torameneey dbarh headigtbhespsteti sath assan fohe
t hr oughput thereof is enhanced. 20 RELATED ART DOCUMENTS [ Pat ent
Docunentimp[ad&€idh sysRat ent arRdenoe htan jrlaliaive sestéa f@ritradiotink /H6hb6y beam
25SUMVARY [ 0004]

into a work to be irradiated by the energy beam, and a work transfer mechanism for use in

such system.

10 RELATED ART
[0002]

Conventionally, this type of ion implantation system includes an intermediate
transfer mechanism used to deliver a wafer between a platen for transferring the wafer to an
ion beam irradiation area and a load lock chamber. For example, according to an

15 intermediate transfer mechanism disciosed in the patent document 1, right and left transfer
arms are structured such that they can move simultaneously with each other to thereby be
able to arrange wafers in two rows on a single platen at a time, whereby the processing

performance of the system, that is, the throughput thereof is enhanced.

20 RELATED ART DOCUMENTS
[Patent Document]
[0003]

[Patent Document 1] Japanese Patent No.4766156

25 SUMMARY

[0004]



However, in the above structure, after an ion beamis irradi ated
(inplanted) into a certain wafer, it takes a rather |ong waste tine
toirradiate an ion beaminto a next wafer. This waste tine is a
bottl eneck in inproving the throughput further. [0005] 5Specifically,
after an ion beamis irradiated (an ion is inplanted) into a certain
waf er, the foHoswiverginpheekss strusthirebeftaredon behnbefiondiamd (inqrianeintd a
irradiated into a next wafer: that is, the process in which the ion
i npl ant edrteiafveafer, § ttheanshtber bdg twaseughe @ iredidtel ancikn bhanido at rext vefer.
outside, and a next wafer is nounted onto a platen through the | oad
| ock chartbewasndme & a trettereclamsmeraved thothaoughput fiodteem i rr adi ati on ar ea.
This process nmakes the 10waste tinme rather |ong, which has a bad
ef fect dA0@Fe t hroughput and al so, during the waste tine, the ion
beamis consunmed wastefully. These issues are found not only in the
i on iSpl ant at SperifSoadly,eaficdoun iah boarmns titneliaed (agyiohdarimplantad) ato arcertain
systemfor irradiating an energy beaminto a work, in general. [0006]
15The i rwadet iherfobowing atocssl mus §e theseditefume sn amcbehiaus inddidtad mro phgact
of the invention to provide this type of energy beamirradiation
syst em whifeh tiaums, ithgpprowess it svhichrtbe gimpiniplamtddstvatiad isnginyfeand tleamehnakad
efficient use of the energy beam [0007] An energy beamirradiation
system ilodd ddedeatrn hoengidebaahn aattiwifagis mainsd amo 2lasdihacughrtke load
hol der. The energy beamemtting nechanismenits an energy beam
t owar d dogk ahdberamd iedien tramsdirat itoan @ndaam TinaliaionlkardaoThie pracesa msdkes the
wor ks between a predeterm ned work delivery area and the irradiation
ar ed0 Thestdithsratiree ldngr whlichtheda bad ¢iteet enthe gyroggim anbhdsoydudngdibib maste y
area includes two work delivery areas forned opposed to each ot her
across aima, theien beahr micgisimictl nestpfadigi ng t he energy beamirradiation
area. The work hol der 25includes first and second work hol ders. The
first work hollbese issuansfeefosnd het wdy kis the fonemiplantdtionsdystamr but dddoi inethy
area and the irradiation area. The second work hol der transfers the
energy beam irradiation system for irradiating an energy beam into a work, in general.

[0006]

15 The invention aims at solving these issues and thus it is an object of the invention
to provide this type of energy beam irradiation system which can improve its throughput
outstandingly and can make efficient use of the energy beam.

[0007]
An energy beam irradiation system includes an energy beam emitting mechanism

20 and a work holder. The energy beam emitting mechanism emits an energy beam toward a
predetermined irradiation area. The work holder transfers works between a predetermined
work delivery area and the irradiation area. The works are irradiated by the energy beam.
The work delivery area includes two work delivery areas formed opposed to each other
across a virtual straight line passing the energy beam irradiation area. The work holder

25  includes first and second work holders. The first work holder transfers the works between

a first work delivery area and the irradiation area. The second work holder transfers the



wor ks between a second work delivery area and the irradiation area.
[ 0008] According to this system while an energy beamis
being irradiated into works transferred to an irradiation area by one
wor k hol der, irradiated works can be replaced with 5un-irradi ated
wor ks and the un-irradi ated works can be held by the other work
hol der . Wirkisbetekeres sechrad weonkaldliedre drewondkiie aralidtioansfer red by one work
hol der, next energy beamun-irradi ated works can be transferred to
the irrd@P@8li on area by the other work hol der speedily, thereby being
able to start the irradiation of an energy beaminto the next works.
[ 0009] 10That Acsordmgctortiisngystem, twhéle i anvenatgyolreami ts begngp oseiaddeintoco works
reduce greatly the tine necessary fromthe end of the energy beam
i rradi attransfeired & avoirjediation arheby vag workf holdve, ioadintgy wWodaman be agplatd eiith
into next works. Therefore, the throughput of the system can be
i mpr évedingirigdigtey words ahd dhet he-ireaddatel wodanaodre beld byetlie mttree work holder.
efficiently. [0010] 15In order that the system can handl e works
r espect i Mebkyailtavihegrratiiittémeriks de mensfewas by ont heorkbyoldemhaexe enéie beam
general purpose property thereof, preferably, the respective work
hol der s umaiyrathetedt warks ware de Stapkfetréxhto theeiradimtion mamashye thevaghdeswork holder
respectively having different dinensions. Mre specifically, the
r espect ispeedilprtkerhloy biengabimip skeet thb Irexdiation phmsdrergyieaksnto dspest wordkb.y
havi ng different dinensions in an interm ngled manner; or, while
wor ks of(0¢d 20 sane di nensi ons may be transferred within the sane
wor k hol der, the dinensions of works to be transferred by one work
hol dér may al Jbatbes, didoidingriv the onvenhhien, dit ne®Edle tof redmuekgrestty be time
transferred by the other work hol der. [0011] When an energy
beam eninctdspayy Mmohthniesdofithd enenglk bbah deadiatian éntarwakgedhastatiofi th2 Eaergy
energy beamirradi ati on chanber maintained at a predeterm ned degree
of vaculeamt imedaticmnnfoenclitspoked dhavefoke, nbeirthionghpuordfi tha system kcoade
| ock chamber, which nmounts works

improved greatly and also the energy beam can be used more efficiently.

[0010]

15 In order that the system can handle works respectively having different dimensions
to thereby enhance the general purpose property thereof, preferably, the respective work
holders may be structured such that they can transfer works respectively having different
dimensions. More specifically, the respective work holders may be able to transfer works
respectively having different dimensions in an intermingled manner; or, while works of the

20  same dimensions may be transferred within the same work holder, the dimensions of works
to be transferred by one work holder may also be different from the dimensions of works to
be transferred by the other work holder.

[0011]
When an energy beam emitting mechanism and work holders are arranged within

25  an energy beam irradiation chamber maintained at a predetermined degree of vacuum, there

can be disposed a work mounting portion in a load lock chamber, which mounts works



transferred fromthe outside but not yet irradiated by an energy beam
thereon internediately and nounts irradiated works to be transferred
to the outside. [0012] In order to apply this invention in such a
case and in order to ensure the throughput 5 of the system it is
prefer that a first work nounting portion and a second work nounting
porti on teansfefred frent theyouteide putrror petdrrahipged blat encegydizamtthacoraintensedisthly
virtual straight line. Further, it is prefer that first and second
t r ansf erandemveissrradiated poriedo bdtransfarredtto theansider menber transfers
wor ks between the first work delivery area and the first work
mount i nd0pBti on and the second transfer nenber transfers works
bet ween the second work delivery 10area and the second work nounting
portion. [0013jorderto applighia irspeaiterf incuendorde amhin drder itorprsoreeth¢ theoughput
t hroughput of the system as nuch as possible, it is prefer to forman
i nt ednedifdbesyatenk imspmefenthapofitst ererk aouingdpartianafder sevembworlamduring
fourth transfer nenber. The internediate work nounting portion is
formed heriweesre fdfnedhie thviorpttions rdppomdnd icadh @bert dcooss alndvittoal swmdghn dine.
wor k nmounting portion. The third transfer nmenber transfers works
bet ween Huntberf itris fprafior thatdiplsi arglr secardetrarafed nichéersrare foredtil at Ehanbrsk transfer
nmounting portion. The fourth transfer nenber transfers works between
t he seconenbrotiansfedsiwaerks between thadirstheork nieBvane dicataed Weer frstroarkt inognting
portion. [0014] 20In order to sinplify the structure of the transfer
menber, pottidnsandried saconchaansfdnenandsp eetsfere worlarisfvesen nerzeosd ek dedipabl e
of transferring works different in size fromeach other. As a
sucdéssfara apd slrgrceondovpk oventimepafitrect of this invention, it is a
case where the energy beamis an ion beamand an ion is inplanted
i nto wor[R&13]25[ 0015] According to the above-structured invention,
imedi ately after the irradiation of an

As a specific embodiment to improve the throughput of the system as much as

possible, it is prefer to_form an intermediate work mounting portion, a third transfer member
and a fourth transfer member. The intermediate work mounting portion is formed between

15 the first work mounting portion and the second work mounting portion. The third transfer
member transfers works between the first work delivery area and the intermediate work
mounting portion. The fourth transfer member transfers works between the second work
delivery area and the intermediate work mounting portion.

[0014]

20 In order to simplify the structure of the transfer member, it is prefer that the
respective transfer members are capable of transferring works different in size from each
other.

As a successful example to prove the effect of this invention, it is a case where the
energy beam is an ion beam and an ion is implanted into works.

25 [0015]

According to the above-structured invention, immediately after the irradiation of an



energy beaminto first works is ended, the irradiation of an energy
beaminto next works can be stared, thereby being able to enhance
greatly the throughput of the system Also, since the tine necessary
to consune the energy beamwastefully is reduced, the energy beam can
be used efficiently. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016]

Fig. 1 isneytbppidatb fipdtavorks ieendstl, thberadiatior 0bin ensrgydreaimipbanttarérbncan
system according to a first enbodi nent of the invention. 10Fig. 2 is
a part i diel sparpdtlsgpelnyt heneg abllety epharme \gedady therthrosglgut nEthhapstem aAbor digeg
to the enbodi nent. Figs. 3(i) to 3(vi) are flow charts of

waf er t rthesmemesaseys teacmowrdd thg ehergy heane masseliubtp it reduced, the energy bdaihgean
4(vii) to 4(xii) are flow charts of wafer transfer steps according to
t he 15ertisodedefhtiently. Fig. 5is atimng chart of the timngs of
ion inmplantation and wafer transfer according to the enbodi nent.

Fig. 56 is a timng chart of the timngs of ion inplantation and wafer
transfer according to the enbodinent. 20Fig. 7 is a typical plan view
of the whol e of an i onBRIPF MSARIBHCY OF SIHEPRAMIINGS t o a second
enbodi ment of the invention. Fig. 80) to 8(iv) are flow charts
of waf er[00tdnsfer steps according to the second enbodi nent.

Fig. 9(v) to 9(viii) are flow charts of wafer transfer steps

accordi ng to fie 19eedypdca? panbooy netht whole of an ion implantation system according

to a first embodiment of the invention.
10 Fig. 2 is a partially perspective view of a wafer transfer mechanism according to
the embodiment.
Figs. 3(i) to 3(vi) are flow charts of wafer transfer steps according to the
embodiment.
Figs. 4(vii) to 4(xii) are flow charts of wafer transfer steps according to the
15 embodiment.
Fig. 5 is a timing chart of the timings of ion implantation and wafer transfer
according to the embodiment.
Fig. 6 is a timing chart of the timings of ion implantation and wafer transfer
according to the embodiment.
20 Fig. 7 is a typical plan view of the whole of an ion implantation system according
to a second embodiment of the invention.
Fig. 8(i) to 8(iv) are flow charts of wafer transfer steps according to the second
embodiment.
Fig. 9(v) to 9(viii} are flow charts of wafer transfer steps according to the second

25  embodiment,



DETAI LED DESCRI PTI ON [ 0017] <First enbodi nent> Now, description is
gi ven bel ow of an ion inplantation system 100 serving as an 5 energy
beamirradi ati on system according to a first enbodi nent of the
invention with reference to the acconpanying drawi ngs. Here, in the
foll owi ng description and drawi ngs, when nultiple nenbers and
structures of the sane type PRTAMLERAPHENRIPHEEY be di stinguished from
each other, (1), (2) or the like is applied to the ends of their
desi gnatlP8hd, or "a first", "a second" or the like is applied to such
menbers and structures. 10[ 0018] This ion inplantation system
100, as <Shotwmbaedirsény™ 1, includes an ion beamenitting apparatus for
emtting an ion beamIB in an ion inplantation chanber 10 set for a
vacuum and aNews Kescriptierf srgivppztan ob a (onvitripddntationspstem J 00wserkng(dsene,
wafers) Wto an irradiation area AR for irradiating the ion beamIB
i nt 05t heenowgl epeany aradiatibs oysibTh cleceringws 4 Sirdt esnibod inheng roif 1tB:> rvebigon with
irradiated into the works W [0019] The ion beamenmtting
appar at usferenceitoaitic acsompinyindédrawings.b eldere. iB theafol logingfdescripsiamipidedrawaings,
ri bbon-1ike shape toward the irradiation area AR Here, the shape of
t he i on YeanmuBifls menbers raintd egiructireshef rthbbramel type shigpandouliey frost be
exanpl e, a square shape may al so be 20 used. Also, reference nuneral
9 shown digtinEighedfrate sichwdteas | a (Deathedikefis pplied tortheremistob thieirglesipmations,
intensity distribution property of the ion beamIB and al so for
shi el di g “2 Hest'h EasachBI Travhelgkei inemhisd tosugh emmberstahdsintchees. ange of t he
intensity distribution property. [0020] The work transfer
appdfat U808 i ncl udes a work | oadi ng and unl oadi ng nechani sm 251 for
| oadi ng and unl oadi ng the works W between inside and outside the ion
i npl ant ati on dhisndoarimpiantationoyktemr HHs fagrshpwo hanfigml 2incbided parisd deamng
works Wto the beamirradiation

emitting apparatus for emitting an ion beam IB in an ion implantation chamber 10 set for a

vacuum, and a work transfer apparatus 20 which transfers works (here, wafers) W to an

irradiation area AR for irradiating the ion beam IB into the wafer W and also which allows
15  the ion beam IB to be irradiated into the works W.

[0019]

The jon beam emitting apparatus is used to emit the ion beam IB having, for
example, a ribbon-like shape toward the irradiation area AR. Here, the shape of the ion
beam 1B is not limited to the ribbon-like shape but, for example, a square shape may also be

20 used. Also, reference numeral 9 shown in Fig. 1 designates a beam profiler for monitoring
the intensity distribution property of the ion beam IB and also for shielding the beam IB
having intensity greater than the range of the intensity distribution property.

[0020]

The work transfer apparatus 20 includes a work loading and unloading mechanism

25 1 for loading and unloading the works W between inside and outside the ton implantation

chamber 10, a work transfer mechanism 2 for transferring works W to the beam irradiation



area AR for inplanting ions into the works W and an internedi ate
transfer mechanism 3 interposed between the work | oadi ng and

unl oadi ng nechani sm 1 and work transfer nmechanism 2 for delivering

t he works W between them Description is given bel ow of
the respective conposing parts of the work transfer 5 apparatus 20.
[ 0021] area AR fohanplenting| iossdintigtha ebrkin Mo add ag interotediaiesimansicr mekchatesn 3

| oad-1 ock chanmber 11 (which is also called a | oad | ock chanber 11)

di sposedniathjoaske hetweon tthee wodkh 1padii gaandituntmadiop anbebenisi®, | samdowkrkntransfirng
table 12 serving as a work nounting portion, and an 10

upwar d/ dosehewsrd 2dei delimerimgtheatdes Whettvesinthwm) for |ifting and | owering
the work nmounting table 12. Since they are described specifically in
t he patent doDgsamiption js gigerebelowey tiwresmetser dobmpdsisg ppityof thhatork sansfdre
| oad | ock chanber 11 is interposed between an openabl e and cl oseabl e
upper caopparatandld.t he work nounting table 12 di sposed at a

predet erm ned upper position. The work nmounting table 12 is capable
of nount[PPYIt hereon multiple works Win 15 a row;, and, when it is
situated at the above-nentioned upper position, it functions as a
partition wal [Thé¢ gvorls hiadingi ang wileadirigghechnhiem| badludes k eduialobie chabibear d
ion inplantation chanber 10 fromeach other, while, at a

pr edet enwhivbds latraezllpbsilodadolock ichareber Sitl$ dispoded mdfakentitorthd impl iantlatdtion
chanber 10 and is capable of delivering the works Wwith respect to
t he i nt ehampbirat® ¢ manls frerunteg hiahié dah Srvihg b a4 svodi swwesEy] pbaioey and an
20[ 0022] Thus, in this enbodi nent, two work | oadi ng and

unl dadi ngweeiddoamivend drdvifiguadtediomiakieshawp afor Jiftangeandileparsedhs wotki meunting
symmetry with respect to a virtual straight line C passing the

i rradi attatde 12r eSingRthehere déseribal pecificaloinethe Phentvdoduoaht bt head, gty drene
Cis here coincident with the axis of the ion beam|B. However, they
may not dasowhydsibplyc oilhet idahe loa@ Bick 0RB)beT hh & isvintekposeddreshen anepérahlesind 2
i ncludes, for exanple, a platen 21 serving as a work hol der, a base
menber Zkstable sppepooeter ngd theewplkabhamtiag tatdnd? disposed at h preidicanined gpamd
retreating mechanism 23 for advancing and retreating the base nenber
22 | i negobiion. THEheremrh amiustim@tabls 18 sechpalde pEmeintmgttiveeononilspMivorks W in
transferred by the internediate transfer nmechanism 3 (which is

di sddssadrobatasd,) when & iprsidd¢deatnihnedowemkntibekd weper msitian.ai dutatians ien
5 the works Wto the irradiation area AR, and is also used to

t r ansf epattition watlfsr sMdldiogmir hight the ddid dedkahamberd | ARd fian iripdariadiok chamber
delivery area, thereby delivering it to the internedi ate transfer
mechani dh fBom [ @OR 4theThehild, st en pRdetemuihed dsver mosiiop) #it exssty mithins thewah
each which has a flat circular 10 shape or the |like and which are
capabl e implagtatierk chagntzn d Ohayiddis ngpatde ks deliveningithe mprles Wowsth (reegeet @ the
rows) on one surface thereof due to electrostatic chucks. In this
enbodi nentermed gy wanafee mecloanisded whwb ipdisquestdpatat ens 21 whi ch
respectively correspond to the two paired work | oadi ng and unl oadi ng
mecRani 022 .

Thus, in this embodiment, two work loading and unloading mechanisms 1 (which
make a pair) are disposed in line symmetry with respect to a virtual straight line C passing
the irradiation area AR when viewed from above. The virtual straight line C is here
coincident with the axis of the ion beam IB. However, they may not always be coincident.

25  [0023]

The work transfer mechanism 2 includes, for example, a platen 21 serving as a



[ 0025] 15The base nenber 22 is a bl ock-shaped nenber provided in each
of the platens 21 and, in a state where the surface plate portion of
each platen 21 extends parallel to the advancing and retreating
direction, it pivotally supports the base end portion of the platen
21 by the rotation shaft thereof extending parallel to the advancing
and r et regkihelfedisrtase mgmberhiefos supportingbe plagen) He pudie Sinedukyragdivancing and
toggl e actuator (not shown) such as a motor, 20 whereby the surface
pl at e port¢abng gicchanssm 23 tfenadvangag askretraptehgoibovbassriembdradingpripetTheen
its horizontal state providing its delivery posture and its verti cal
stat e priosdhaiipy 3 tis ubrsaim raceizgithe ivenksp ¥6 tiangferrgd)bp he intermediate Thgsfer

|l inearly advanci ng and retreati ng nmechani sm 23 i ncl udes, for exanple,
a 25conrmoechprish neviiely is 28tusaed Lter) io d predetérminedhoork zekineay ash apd gmsfer

| i ne perpendicular to the axis of the ion beamI|IB and wi th which the
base Sne rfgélﬂ@r@zw dathepigradiationa ey Ada gad)éschlscavrdd 4o trasfatéhawoka t frofmthie
shown) for advancing and retreating the base nenbers 22 independently
of each ivadigiomarond\R e theaimorkndeibery 284.. th¥ieby skelidmingdt tatler integmediate
constituted of, for exanple, a belt (not shown) provided within the
rai | mertsesfep®echandmad.notor for rotating the belt. Thus, while being
pull ed by the belt, the base nenber 22 is caused to advance and
retreat [084dn the rail menber 231. Here, the linearly advancing and
retreating mechanism23 is not |limted to this structure but, for
exanpl e, a stdbeplaten Ysiinedpdas shuckvplitee (hotrsbdvami swh mehjclahasoa flat cismidhr
Also, in the foll ow ng description, the linearly advancing and

r et rl@at ishepediritheckikeoandi whictedri waphblesofahucking anddtolldimg wpiGO W in MmO Fipde rows
intermedi ate transfer mechanism 3 includes a transfer arm 31

const i t Wherd 206we) onraan Shidace tiendndidue toeclértiostatnchuplos: t ilo thinémbwdiradnt there
pivotally supported in such a manner that the transfer arm 31 can be
turned g peoidedinvy paisgddplateps Ybmihinh raspectétedyr cqrrasporsitoving tvew pdired svark
notor for turning the transfer arm 31 forwardly and reversely,

wher eby leddengrand valoiading Brechanismsalnsf er t he wor ks W bet ween t he work
nmounting table 12 and delivery area. 15[ 0028] The transfer arm
31 has d0¢%hg pl ate shape and includes a grasping claws (not shown)
provided on the |ower side thereof; and, by catching the

¢l awlopposi ngThebase arengfer 2hés 4 binei-shaped membgreproytet ial cadugithp platene 21 of
the works Wwith the grasping claws, the arm 31 can hold the works
Won t he ahdwara stpigewhsre theesurfaan pfaty partiom 31 ea¢platen <2 leersends reredle] tohibe

advancing and retreating direction, it pivotally supports the base end portion of the platen
21 by the rotation shaft thereof extending parallel to the advancing and retreating direction.
The base member 22 includes therein a toggle actuator (not shown) such as a motor,
20 whereby the surface plate portion of the platen 21 can be laid down and raised up between
its horizontal state providing its delivery posture and its vertical state providing its beam
irradiation posture.
[0026]
The linearly advancing and retreating mechanism 23 includes, for example, a
25  common rail member 231 which is laid in a horizontal straight line perpendicular to the axis

of the ion beam 1B and with which the base members 22 can be slidably engaged, and a



20 transfer arm 31 can hold nultiple works Warranged in a row al ong
the extending direction of the transfer arm 31. [0029] Thus,
in this enbodinent, as shown in Fig. 1, the paired internedi ate
transfer mechanisns 3 are provided in line symmetry with respect to
the virtual straight line C, and 25they are respectively arranged to
cor r espothide agtuatheinot shosme fariadeansnglant oetchiatiog din dasenhonblirng? imecpeadesiys
|. Here, in the follow ng description, the virtual straight |ine
di r ect i oof eagh otfiesfalongdhaimileamemblir28 ¢+ | Bire shidel actuator ie constitutgreofpfondkouplar
to both of the x direction and y direction is defined as a z
di r ect i onbelf 0OBejowm) paaiddedi within ¢het tad radiohee 23t rod & umasor foheotatdry the belt.
I npl antation system 100 further includes 5 multiple external storage
chanber sThhsdivkiobsng pultedibgaht het,itnbdsepleanbent? Greaosedntb @dvabOe amhcktreat
external transfer mechanismb5 for transferring the works W between
t he éxt emmtat rat wrabe Bhanbleres the lawerly idyahoeglandekeamgmdehariisn 2B O8]
Specifically, the external storage chanbers 4 are used to store
mul ti pl dimitadkie thisistrudtOreubuti for exatplges struhirt @sinpe scresi fbed tnfeehaddm insay
mai ntai ned at a predeterm ned cl ean degree. Here, the multiple
ext er nalalst by aspd. cAdgvbeén shedfadlowing dangpitbnakienijnaatie advaticingcdridoretreating
[ 0032] The external transfer mechanism5 includes a rail 51
ext endi rigrectiont indefinedias ek idorctmnd a transfer nmachi ne mai n body 52
capabl e of advancing and retreating along the rail 51.

[0027]

10 The intermediate transfer mechanism 3 includes a transfer arm 31 constituted of a
transfer member the base end portion of which is pivotally supported in such a manner that
the transfer arm 31 can be turned horizontally, and a pivoting actuator (not shown) such as a
motor for turning the transfer arm 31 forwardly and reversely, whereby the mechanism 3
can transfer the works W between the work mounting table 12 and delivery area.

15 [0028]

The transfer arm 31 has a long plate shape and includes a grasping claws (not
shown) provided on the lower side thereof; and, by catching the claw-opposing section of
the lower surface peripheral edge portion of the works W with the grasping claws, the arm
31 can hold the works W on the lower side of the transfer arm 31. In this embodiment, the

20  transfer arm 31 can hold multiple works W arranged in a row along the extending direction
of the transfer arm 31.
[0029]

Thus, in this embodiment, as shown in Fig. 1, the paired intermediate transfer

mechanisms 3 are provided in line symmetry with respect to the virtual straight line C, and
25  they are respectively arranged to correspond to their respective work loading and unloading

mechanisms 1. Here, in the following description, the virtual straight line direction is



15 The transfer machi ne main body 52 includes an arm 521 for chucking
the works W The transfer machi ne main body 52 noves al ong the rail
51 and al so the arm 521 chucks the works Wand turns. Accordingly,
the works Ware transferred between the external storage chanbers 4
and | oad | ock chanber 11. Here, the works W which have been taken
out frordefinekns ai n dexttennakd stoedge ehantienlad teabathhefvibe xediedctied andry
inplantation, are 20returned to the sane external storage chanber 4.
Thus, i rditchiion isntbatidrms atz,ditewipnext er nal transfer nechanisns 5 while
maki ng a pair are disposed at positions opposed to each other with
t he virt[d@¥0]straight line C as the center thereof, and they are
arranged to correspond to the work | oadi ng and unl oadi ng nmechani sns 1
respectivel y. I25{di0@Bi thueatioye diesaturephe am implagiatien spdent he) fuypheaintlodesof
the thus structured ion inplantation system 100 with reference to
Fi gs.5 3 raultplé.exfearal storage pheartees Hfispospd autsitle tha iordiegdanitgrion @hariser 40 parided
at a state shown in Fig. 3 (i). In a state shomm in Fig. 3 (i), a
second pnaxemna? h@dfer ndvhhidsthdl fdi- trgnsfengnethin wWoaltsgW divesratiler exvarnid Stoiige?)
arranged in two rows, takes a vertical posture (the above-nentioned
5beam i rchagbat #and gedbadrledk dnadcbat Elo exi sts in the irradiation area
AR, and ion beans |IB are irradiated into the works W(2). [0034]
On the d00¥E] hand, a first platen 21 (I) exists in a first work
delivery area and waits in the above-nentioned delivery posture
(horizontal p6ptaifia)ly, thtietteinsl, steragd dhambsitsdtaee udfto stete ritipRNsdriey Wainm
31 (1) holding a row of snmall dianmeter works W(1) nounted on a first
wor K Omoumdliiplg staple$,ewlliR e ihside jhesdof heenirttaingtbat @pckdamueitled olean degree.
positi on shown here. [0035]

Here, the multiple external storage chambers 4 are arranged along the x direction.

[0032]

The external transfer mechanism 5 includes a rail 51 extending in the x direction

and a transfer machine main body 52 capable of advancing and retreating along the rail 51.
15 The transfer machine main body 52 includes an arm 521 for chucking the works W. The

transfer machine main body 52 moves along the rail 51 and also the arm 521 chucks the

works W and turns. Accordingly, the works W are transferred between the external

storage chambers 4 and load lock chamber 11. Here, the works W, which have been taken

out from a certain external storage chamber 4 and have received ion implantation, are
20 returned to the same external storage chamber 4.

Thus, in this embodiment, two external transfer mechanisms 5 while making a pair
are disposed at positions opposed to each other with the virtual straight line C as the center
thereof, and they are arranged to correspond to the work loading and unloading mechanisms
1 respectively.

25  [0033]

Next, description is given of the operation of the thus structured ion implantation
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This position, that is, an area, to which the first transfer arm 31
(1) has been turned toward the rail nenber 231 up to an angle
perpendi cular to the x axis, is the first work 15delivery area in

t his enbodi ment. [0036] And, in the state of Fig. 3 (i), that
is, when the first transfer arm 31 (1) holding the works W (1) turns
and i s postemilOAedthonferdnee foi igt. 3phdtien 21(1), the first platen 21 (1)
lifts lifting pins (not shown) or the like frombelowto |ift the
works W (1) slFogévynienckef etpfanafion, desopipiinmiststagtedhatl aditatgystefwitindigvdrks W
(1) by the grasping claws of the first transfer arm31 (1). After
then, the firdn atstagngiown inding. 31}, la)secaidrpdaers 2T (Dnwhite holding thiebanviargg
area and turns again toward the first work nmounting table 12(1).

[ 0037] diameter workh&V (@ rakmnyst(in twh edws, bakes hevetticilt posrapftinsatay e-nrentioricd d
at the positions of the first 25row on the first platen 21 (1) by
downiSng behm ifradintiongpgstuns), and radoaaxdstshiml the irheliztiod wesat AR ednddbn bednat IR are
chucks. [0038] On the other hand, the first work nounting
t abl e 1drradijtedvritdnthetveorksoWk@).W (1) renoved therefromis caused to
enter the |load | ock chanber 11 again due to the function of the first
wor k | od@®¥Hg and unl oadi ng mechanism 1 (1) and, after receiving new
works W (1) 5froma first external transfer nmechanism5 (1), it
returns to thénitbhmothenHaadtafiisoplatenahhBrexik® inadirswaictls d¢liveryeared D03 its
The first transfer arm31 (1) having returned fromthe first platen
21 0) hohds abewe-mentioned delivery posture (horizontal posture). That is, in this state, a first

10 transfer arm 31 (1) holding a row of small diameter works W (1) mounted on a first work
mounting table 12 (1) has just been turned and moved to a position shown here.
[0035]

This position, that is, an area, to which the first transfer arm 31 (1) has been turned

toward the rail member 231 up to an angle perpendicular to the x axis, is the first work
15  delivery area in this embodiment.
[0036]

And, in the state of Fig. 3 (i), that is, when the first transfer arm 31 (1) holding the
works W (1) turns and is positioned on the first platen 21 (1), the first platen 21 (1) lifts
lifting pins (not shown) or the like from below to lift the works W (1) slightly, thereby

20 removing the holding of the works W (1) by the grasping claws of the first transfer arm 31
(1). After then, the first transfer arm 31 (1) retreats from the work delivery area and turns
again toward the first work mounting table 12 (1).
[0037]
The works W (1) held by the lifting pins are mounted at the positions of the first
25 row on the first platen 21 (1) by downing the lifting pins, and are held there due to

electrostatic chucks.
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works W (1) with no ion inplanted and turns again toward the first
work delivery area. 10 During this, the first platen 21 (1) is noved
in the x direction by an anount substantially corresponding to the

di stance between the works W (1) holding rows of the linearly

advanci ng and retreating nechanism 23, and waits there. [0040] Then,
as showl0P#]Fig. 3 (ii), the first transfer arm31 (1) turns and
reaches there. 15 Simlarly to the above operation, the works W (1)
are nounted atOn the qilosiandnibe dirstt Werkseoonidgrtable da (I havithi the twapkatenl )21
0) and are held due to electrostatic chucks. This state is shown in
Fi g. 3 (tempyed therefrom is Tdvged foremter ghedbahlogl cifahbeh bl eganydechie tiofulstion/ ¢f1)
of the two rows in this manner, as shown in Fig. 3 (iv), takes a

vert i calthbbebwiork laading arshurposting recchmdsmdi (il 5and2 Bft@0&E]ving new workAfW €1)

t hen, when the inplantation of ions into the works W(2) held on the
secodd pran erir exieRal franséam dughartisne 5 €Bc ometupis &¢ the i@Lin{[#intgiondbsmbavidr d
the second work nmounting table 12 (2) beyond the virtual straight
line C amd watsithereetreats fromthe irradiation area ARto a second
wor k delivery area. Al nost simnultaneously with such retreat, the
first pl[@0¥3 2521 (1) hol ding the works W (1) instead noves to the
irradiation area AR, where the irradiation of ion beans 1B into the
wor ks W (1) i hefist treusfer grd®42A]) having returfddeiranethedastgdatee2 b(ld hpldanew
21 (2) changes fromthe beamirradi ati on posture to the delivery

post ur e vembls Wal} with mo tidneimpdanoaichndiurks ajpin toensd the Bat witkeletieagmckanor k
delivery area is the position where the second transfer arm 31 (2)
turdd up to aPuangltkespependptehal! bt)oistrheved iaxthe xadidection d@t ambmbine
position opposed to the first work delivery area across the virtual
st r ai ghtsubstangially cp:@@a8jding to the distance between the works W (1) holding rows of the

linearly advancing and retreating mechanism 23, and waits there.
[0040]
Then, as shown in Fig. 3 (ii), the first transfer arm 31 (1) turns and reaches there.
15  Similarly to the above operation, the works W (1) are mounted at the positions of the second
row on the first platen 21 (1) and are held due to electrostatic chucks. This state is shown
in Fig. 3 (iii).

The first platen 21 (1) holding the works W (1) of the two rows in this manner, as

shown in Fig. 3 (iv), takes a vertical beam irradiation posture and waits.
20 [0041]

After then, when the implantation of ions into the works W (2) held on the second
platen 21 (2) is ended, the second platen 21 (2) slides toward the second work mounting
table 12 (2) beyond the virtual straight line C and thus retreats from the irradiation area AR
to a second work delivery area. Almost simultaneously with such retreat, the first platen

25 21 (1) holding the works W (1) instead moves to the irradiation area AR, where the

irradiation of ion beams IB into the works W (1) is started.
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Then, the second transfer arm 31 (2) turns there and receives the
works W (2) of the first row fromthe second platen 21 (2); and, as
showmn in Fig. 3 (v), it transfers and 10 nounts the works W (2) onto
t he second work nmounting table 12 (2). Here, the procedure when the
second transfer arm 31 (2) receives the works W(2) fromthe second
pl aten A8042]) is reverse to the above-nentioned procedure when the
works Ware delivered fromthe transfer arm31 to the platen 21.
Thus, the spedihfirgredied sedopd platentZi 2 padianges fomi the ddarh araliatiod pdstire 16 THee
ion-inmplanted works W (2) mounted on the second work nounting table
12 (2) adelivery mrostuee aralowaits inuht sedoad seelodelivwoy kreh.oabhensgecamdwarkl dedistenyg
mechani sm1 (2) and second external transfer nechanismb5 (2) to the
ext er nalarea istegpostivamiere the whroné traisdsr awer3d () fugisnml th yn shgle eerpendicular
During this, the second platen 21 (2) noves in the x direction by an
anmoult 20slbs taxist dndl ik petoab rthe perothai opposal tolthe dirst tvemk alelberyvern attves the
works W (I) holding rows of the linearly advancing and retreating
mechani smt@d strzight linait s t here. [ 0045] After then, as shown in
Fig. 3 (vi), the enpty second transfer arm 31 (2) turns there again,
recei ved084%d works W (2) of the second row and nounts these works W
(2) onto the 25second work nmounting table 12 (2). These works W (2)
are al so trandher.thdsachnbugyisiar memsid @ thruothkrel avd decegyeatit worke ddHpf
mechanism 1l (2) and second external transfer nmechanism5 (2) to the
ext er nalths figst age fotathzesecandapletes 21HEY andr & dhowgi indligy3 §t)oitacinsfp30ue)]
Next, works W (2) with no ion inplanted are newy nounted through the
secdfid ewquatsiht worlsWf(2) onte tieaniachvirk Mouating takble dAd2wo Herd, drdirngdamd
unl oadi ng mechanism11 (2) 5 onto the second work nounting table 12
(2). Thevheadlamstcondarankier amr dl G} réc2ives thaveller W @hEee thvosekendyli) 2t &)
the second platen 21 (2) according to a procedure simlar to one when
the firds revemngbeahe abome3nentibhed panedues menen ttee wadisk'® A (dblivared from the
first platen 21 (1) (see Figs. 4 (vii) - (ix)).

transfer arm 31 to the platen 21. Thus, the specific description thereof is omitted here.

[0044]

15 The ion-implanted works W (2) mounted on the second work mounting table 12 (2)
are transferred through the second work loading and unloading mechanism 1 (2) and second
external transfer mechanism 5 (2) to the external storage chamber 4 where they were
originally stored.

During this, the second platen 21 (2) moves in the x direction by an amount

20  substantially corresponding to the distance between the works W (1) holding rows of the
linearly advancing and retreating mechanism 23, and waits there.

[0045]
After then, as shown in Fig. 3 (vi), the empty second transfer arm 31 (2) turns there
again, receives the works W (2) of the second row and mounts these works W (2) onto the

25  second work mounting table 12 (2). These works W (2) are also transferred through the

second work loading and unloading mechanism 1 (2) and second external transfer
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After then, as shown in Fig. 4 (x), the second platen 21 (2) hol ding
the works W (2) 10of the two rows takes a vertical beamirradiation
posture and waits. [0047] And, when the inplantation of ions
into the works W(1) held on the first platen 21 (1) is ended, the
first platen 21 (Ig slides toward the first work nounting table 12 0)
beyond tmechgnismiba2) etthaexjemall stoyegeChambertdukere they aateorigimihy tstoeed.
irradiation area ARto the first work 15 delivery area. Al nost

simul tan@84dly with such retreat, the second platen 21 (2) hol ding

t he wor ks W(%} noves instead to the irradiation area AR, where the

i rradi ati on ofNexbrwdsksaWs(2) Brithmoionhmplented srangvgy manstdahtogh tHe0R48d
The retreated first platen 21 (1) changes fromthe beamirradiation
post ur e axternah éranster edhanviemyp @psndgeeorndwerkdoddingsind woldedide meckanysnat €2).
And, the ion-inplanted works W(1l) held on the first platen 21 (1)
are rdet umiethet secouigivotkhmofuitingt tableal®s €28r Bhrense8di(dLiransfirrasin oA travsfdisng
and unl oadi ng nechanism|1 (1) and first external transfer nechanism5
(1) to ttheseavorky Wal2) st the aggend harhéll (Ahecerdingay a\percedwor istpilsakd gnesyianed
according to a procedure simlar to one when the ion-inplanted works
W (2) wehefitst iarsfararned 1i(h ttanefemed tedvqpkaivell) @1h¢ fist plawe 2Fi(Gs(seed5ds. 4
(xi) and (xii)). And, the operation is returned to Fig. 3 (i) and
sim | ar (8tlepfxhre repeated. [0049] According to the above
structure, as shown by a timng chart of Fig. 5 while ions are being
i mpl ant ed i nt afehthenoslshoww (nlfjigHelxg thnseedrel flates2 1 () Abking2h@vorks Ve (2)
ion-inplanted works W (2) on the second platen 21 0) are replaced

wi t h Owordt shedivohowstakese veridah heaalireadthtibe hestweemhataipd. at en 21 (2) takes
an ion inplantation wait posture in the vicinity of the irradiation
area AR[0AYérefore, imediately after the end of the inplantation of
ions into the works W(1), the inplantation of ions into the works W
(2) can be st amtigwhentheBOplantation of ions into the works W (1) held on the first platen 21

(1) is ended, the first platen 21 (1) slides toward the first work mounting table 12 (1) beyond

the virtual straight line C and thus retreats from the irradiation area AR to the first work
15  delivery area. Almost simultaneously with such retreat, the second platen 21 (2) holding

the works W (2) moves instead to the irradiation area AR, where the irradiation of ion

beams IB into the works W (2) is started.

[0048]

The retreated first platen 21 (1) changes from the beam irradiation posture to the

20  delivery posture in the first work delivery area. And, the ion-implanted works W (1) held

on the first platen 21 (1) are returned through the first transfer arm 31 (1), first work loading

and unloading mechanism 1 (1) and first external transfer mechanism 5 (1) to the external

storage chamber where they were originally stored according to a procedure similar to one

when the ion-implanted works W (2) were transferred in the second platen 21 (2) (see Figs.
25 4 (xi)and (xii}).

And, the operation is returned to Fig. 3 (i) and similar steps are repeated.
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Thus, since the ions can be inplanted successively alnmost with no
interruption, the 10t hroughput of the system can be inproved greatly
and the ion beans can be used very efficiently. [0051] Her e,
there can be a case where the ion inplantation time is shorter than
the work replacing tinme. However, even in such case, as the step
timng d8#4) thereof is shown in 15 Fig. 6, since the first platen
21(1), the first transfer arm31 0) and the like, and the second
pl aten 21 (2) Aceerdingde dlvoabove plstatipe.gasphgan p2 p thamdg ehast ¢f Kig. Sarhiledons
operated independently without interfering with each other, there is
gener at exie bejag snplanted Hio the wpks A (1Dreld orethe fisst obsten h(ldHbe iom-impdanead
as much as possible a waste tinme which is produced between the tine
for i nplaerks Mg(A) enghe sseandimatemal (g avs/repbpcesdwith werks with nbden Inmpardert andg
ions into the 20 works W(2). [0052] <Second Enbodi nment> An ion
i npl ant dh¢ secosg stletmn 2 c@) dakisy anoion iswdapkrtion vdd PeREIE | in dBe frdvity phthe
Fig. 7, i ncludes, as an internediate transfer nmechanism3, in
addi t i onrmediatigreared ARt dhereiee dminedBalwnalkdréhe endmd’ el ingplyntativg Fi¢m)intoa
third transfer arm31 (3) and a fourth transfer arm 31(4). Also, this
syst em ithewatke sV (Bstha implertationefiipes inledheawbdady (g cacbhstariesm 1, a third
wor k | oadi ng and unl oadi ng nechanism 1 (3) interposed between the
first arl@9%¥cond work | oadi ng and unl oadi ng mechanisns 1 (1) and
1(2). [0053]

Thus, since the ions can be implanted successively almost with no interruption, the

10 throughput of the system can be improved greatly and the ion beams can be used very
efficiently.
[0051]
Here, there can be a case where the ion implantation time is shorter than the work
replacing time. However, even in such case, as the step timing chart thereof is shown in
15  Fig. 6, since the first platen 21 (1), the first transfer arm 31 (1) and the like, and the second
platen 21 (2), the second transfer arm 31 (2) and the like can be operated independently
without interfering with each other, there is generated the simultaneous operation time
thereof, which can reduce as much as possible a waste time which is produced between the
time for implanting ions into the works W (1) and the time for implanting ions into the
20 works W (2).
[0052]
<Second Embodiment>
An ion implantation system according to a second embodiment, as shown in Fig. 7,
includes, as an intermediate transfer mechanism 3, in addition to the first and second
25  transfer arms 31 (1) and 31 (2), a third transfer arm 31 (3) and a fourth transfer arm 31 (4).

Also, this system includes, as a work loading and unloading mechanism 1, a third
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Specifically, the third transfer arm 31 (3) nakes a pair wth the
first transfer arm31 5 (1) and, when viewed from above (when vi ewed
fromthe z direction), can be turned symetrically with the first
transfer arm31 (1). The rotation axis thereof is spaced fromthat of
the first transfer arm 31 (1) by an anount corresponding to the
di st ancevirtloasking andaindcadingmeechdnismné (Hointesposed betwern thevbirst endssecondowork
held by the first platen 21(1). [0054] 10The fourth transfer arm 31
(4) makdsadingaidunigadingtmesharagonti(Deathsfr arm 31 (2) and, when vi ewed
from above (]when viewed fromthe z direction), can be turned
symet ril®8%3ly with the second transfer arm31 (2). The rotation axis
thereof is spaced fromthat of the second transfer arm 31 (2) by an
amount cor r esPoadierdlytthe thind tainsfenaroe3 @) wekes a eér wighthe fisst ohndftraarmdi ks
W (2) of two rows to be held by the second platen 21(2). 15[ 0055]
Next 5 dddimangtvben viewgd Veam @bovehevigpeviawed droof thehe dirtation) t qan dieutneskd
ion inplantation system 100 with reference to Figs. 8 and 9. For
conveni eoenetficadly pyithrhe ifiost travefecarinpi i 0. | Ehestosative dxiatthezeoftinsmcsh rom
in Fig. 8 (i). [0056] 20In this state, the second platen 21(2), while
hol di ng thatrofghediiranteansfer won kb (Wby2in apfouniwmrrespmdingak de distanee betwakn the
posture (the above-nentioned beamirradiati on posture) and al so
exi st s iaentetseofitherwetkaiM @nobveaoaRto bnhitld bthe fiesipiatdn21gd e bei ng
irradiated onto the works W (2). On the other hand, the
first pll80®d 21 (1) exists in a first work delivery area and 25waits
in the above-nentioned delivery posture (horizontal posture). [0057]
Al sd0 the firEhe fondingfmsferarm33{4)(mikes afptie withaheliengndstrambier ainabk(2@and,
works W (1) of a row nounted on the first work nounting table 12 (1),
turns t oviEn vasvedddroe rbeedivben aewed fiohethg zabtieticancdar ke strgedatyoesttidedly
first platen 21 (1); and, the third transfer arm31 (3) also, after
hol di ng veithathe sdé¢caddtasstenank 3] ®)( 1 Yhofotationcwinthemoed spacet Heom Hiat df teor k
nounting table 12

second transfer arm 31 (2) by an amount corresponding to the distance between the centers

of the works W (2) of two rows to be held by the second platen 21 (2).

15 [0055]

Next, description is given of the operation of the thus structured ion implantation
system 100 with reference to Figs. 8 and 9.

For convenience of explanation, description is started at a state shown in Fig. 8 (i).
[0056]

20 In this state, the second platen 21 (2), while holding large diameter works W (2) of
two rows, takes a vertical posture (the above-mentioned beam irradiation posture) and also
exists in the irradiation area AR; and, ion beams IB are being irradiated onto the works W
(2).

On the other hand, the first platen 21 (1) exists in a first work delivery area and

25  waits in the above-mentioned delivery posture (horizontal posture).

[0057)
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5(3), turns to an angle perpendicular to the x axis and exists above
the first platen 21 (1) while it extends parallel to the first
transfer arm 31 (1). [0058] In this state, the first platen
21(1), without noving, receives the works W (1) fromthe first
transfer arm31 (1) and third transfer arm 31 (3) al nost

si mul t aneous| yAlsol @ figst trivesfer ragmt3 ok fadier beldinh smat rdianafyr(v9rks WhéDfdfrast
transfer arm31 (1) and third transfer arm31 (3), as shown in Fig. 8
(ii), tuow meuhteder hafirst monk mioentirigrighle W (K), welsi to @n pngle perpendicular to the
Next, the first platen 21 0) holding the works W(1) of two rows, as
shown i rx ®igandexists rhovetthk est platesrli (@ Blanbethenthird twaister piom 3 p ¢t aksop afierd
wai ts. [0059] 15After then, when the inplantation of ions into the
wor ks WHaljingerhall Bigmetee wodsold1 pdfatrew raduntedl)oni the dridledork niveintieg @hist 12
platen 21 (2) slides toward the second work nounting table 12 (2)
beyorfd t(Bs twinstieah aggle giegtendiculaetoGhanmdaxiharsl exdsts ebdve the dinst tphegen 21 (1)
irradiation area AR, and, al nost sinultaneously with such retreat,

t he fi rswhifsl iatdend? paialigl thdedirstgrapbfer aor Ks(1W (1) noves instead to the
irradiation area AR where the irradiation of ion beans IB into the
20wor ks [M0%8]) is started. The retreated second platen 21 (2)
changes fromthe beamirradi ati on posture to the delivery posture and
waits in the $etondatachkiicdeplatenr2y (&) @athofit0Big, receives the womkst Wi($) from
state, as shown in Fig. 8 (iv), the second and fourth transfer arns
31 (2) ahelfidgbBansfetprm di Ol)tandtherd teamefer 4the3 ls@g elmbst simnkdnepushy. m 31 ( 2)
receives the works W(2) of the first row, and the fourth transfer
armi®l (4) reddicvbgvinpéranderkesl Me (koW {Heths dustrnicansewafm Gin(d hend third

transfer arm 31 (3), as shown in Fig. 8 (ii), turn and retreat from the first work delivery area.
Next, the first platen 21 (1) holding the works W (1) of two rows, as shown in Fig.

8 (iii), takes a vertical beam irradiation posture and waits.

[0059]

15 After then, when the implantation of ions into the works W (2) held by the second
platen 21 (2) is ended, the second platen 21 (2) slides toward the second work mounting
table 12 (2) beyond the virtual straight line C and thus retreats from the irradiation area AR;
and, almost simultaneously with such retreat, the first platen 21 (1) holding the works W (1)
moves instead to the irradiation area AR, where the irradiation of ion beams IB into the

20  works W (1} is started.

The retreated second platen 21 (2) changes from the beam irradiation posture to the
delivery posture and waits in the second work delivery area.
[0060]

In this state, as shown in Fig. 8 (iv), the second and fourth transfer arms 31 (2) and

25 31 (4) turn there; and, the second transfer arm 31 (2) receives the works W (2) of the first

row, and the fourth transfer arm 31 (4) receives the works W (2) of the second row from the
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second platen 21 (2), alnost simultaneously. And, the second transfer
arm31l (2) transfers the works W(2) of the first rowto the second
work mounting table 12 (2) and the fourth transfer arm 31 (4)
transfers the works W(2) of the second rowto the third work
nmounting table 12 (g%, respectively. 5[0061] The works W (2)
mount ed §pondrdateed b, Meek sirowirnEagit abing, the s¢cphd tarbfariaim @ 1 idrtkansfers
nmounting table 12 (3) are transferred through the second work | oadi ng
and unl dhemegksn¥cBanl 8 first(Ry, totthe seserd warlempentingl table 42 <2eandntbe fiamths m
5 (2) and the third work | oadi ng and unl oadi ng nechanism1 (3) to the
ext er naltransior ame3 t i itsasfers thehweiks Wh€3) ofitreeset @l oy tndlhd Hrird worledhounting

[ 0062] Next, new works W(2) with no ion inplanted are

t r ansf erteldd 12 {Dnesprstiesty.er nal st orage chanber 4 through the second
external transfer mechanism5 (2), the second work | oadi ng and

unl o&di Mg%%dchanism 1 (2) and the third work | oading and unl oadi ng
15mechanism 1l (3) are nounted onto the second work nounting table 12
(2) and t hirdTherkerkoWh(2)mountdsl en iz (£8)nd werkpmotrnting|tgble [I@QBBHnd third
The second transfer arm 31 (2) and fourth transfer arm 31 (4), as
shown i nwarkgnoudtifig Jablehld @) elsdmesimoed thranzh2he saaond wouk, loading ahell inleding
themto the second platen 21 (2) waiting at 20 a delivery posture in
t he seconethewshk 10@).ithesegord edenalf transfet mephanishes {Dcwddhd thad sfak lewding31
(2) and fourth transfer arm31 (4), as shown in Fig. 9 (vi), turn and
retreat andomleddings ewolredisworik (detoi iher sxtanalastorage chami@n 4 hveheot ey Wened,
the second platen 21 (2) holding the works W(2) of two rows, as
showd i rerigingllystofadi i ), takes a vertical beamirradiation posture and
waits. 25[0064] And, when the inplantation of ions into the works W
(1) hel dO®82]t he first platen 21

Next, new works W (2) with no ion implanted are transferred from the external
storage chamber 4 through the second external transfer mechanism 5 (2), the second work
loading and unloading mechanism 1 (2) and the third work loading and unloading

15 mechanism 1 (3} are mounted onto the second work mounting table 12 (2) and third work
mounting table 12 (3), respectively.
[0063]

The second transfer arm 31 (2) and fourth transfer arm 31 (4), as shown in Fig. 9

(v), hold these works W (2) and turn, and deliver them to the second platen 21 (2) waiting at

20  adelivery posture in the second work delivery area.  After then, the second transfer arm 31
(2) and fourth transfer arm 31 (4), as shown in Fig. 9 (vi), turn and retreat from the second
work delivery area.

On the other hand, the second platen 21 (2) holding the works W (2) of two rows,
as shown in Fig. 9 (vii), takes a vertical beam irradiation posture and waits.

25  [0064]

And, when the implantation of ions into the works W (1) held by the first platen 21
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(1) is ended, the first platen 21 (1) slides toward the first work
mounting table 12 (1) beyond the virtual straight line C and thus
retreats fromthe irradiation area AR, and, al nost simnultaneously
with such retreat, the second platen 21 (2) holding the works W (2)
noves instead to the irradiation area AR, where the irradiation of

i on beand) sBndest thetfhet plaserk3l () Bl{dR} taveard tharfirgdvork G08&]ng table 12 (1) Hagond
retreated first platen 21 (1) changes fromthe beamirradi ation

post ur e the il dehighietipe Sosnditipisarteatmiftom ithe irtediafion steandRK adél alwesty
area. And, as shown in Fig. 9 (viii), the ion-inplanted works W(I)
hel d by diheltdneeusly pithisesh 2treqt.1the ac@nd platennid(2) heldingtthe herksi WE) mboes
and third transfer arns 31 (1) and 31 (3), first and third work

| oadi ng iastehdum|tbmttiadgtioe eteamiRs hete (ht)irradidioh (391 beand 1Bi ingt the xtoelsnil
transfer nmechanism5 (1) to the external storage chanber 4 where they
wer e Sor i(@) watartpd.st ored according to a procedure sinilar to one when
the ion-inplanted works W(2) were transferred in the second pl aten
21 (2). [Po&G6] 15According to the thus structured ion inplantation
system 100 of this enbodi nent, when conpared with the system of the
first enbodi ndhe retiehed ostiplatep & ¢l )nchabgasdrapa thebiameidudiedorf posirerto drd
t he throughput of the system can be enhanced further. The mgjor
reason fdstiverfipssting antataits e thediidkswitkadelivewp areaws Andmaslsbotvn am Efge B r(eidl),at
atin by the two transfer arms 31 without noving the platen 21. Wen
t he wor ke ishamplantednvalls Mh(Ihbeld 1B30the dive phyena? Is(ingteerctursed shenglathen B4,
during this nounting tine, the transfer arm 31 nust be noved back and
forti, amnd third drapffer pinast 8h (Pl amxbBdi(B) firsteanbthiusl workalohding tand awlaad i
be slid and noved for delivery of the works Wof a second row. In

t hi s noveschatisms he(lsgsd énBhumitl fivsti ¢xternsli transfee nwohdogsWsc@in td ehef éxterdal
and held due to electrostatic chucks. However, according to the
present semigsdihamber Mlhart theawerediigieal lyserabaccondmetto aprocethee winrikr to one
repl aci ng 25tinme can be reduced greatly. [0067] Furt her,

si nce t héhenltie idnavoplanted worksiy (2)abére tra@sfersediis dd secondpharom2 f @). t he
works W (I) and works W(2), when conpared with the ion inplantation
syst em df04dhe first enbodi nment, there can be provided an effect that
the footprint thereof is substantially the sane. 5However, the

i nvdation i s Asctorflingite 88 thes sthstuadsbive iephodiiorestem [@O&8his embodimenEor
exanpl e, transfer arns may al so be provided in vertically nultiple

st ages orvhea coinpgiled vathatit systemtdidhe fise embodiwent gpeworkndplkang tinstagds,
in the first enbodinent, there are provided a total of four transfer
arnms; anmeduced furtier sed dired theedpbditneithe syftemecaarte prhendedefiirther.  The major

reason for this is that the works W of two rows can be transferred at a time by the two

transfer arms 31 without moving the platen 21. When the works W are mounted in two
20 rows by a single transfer arm 31, during this mounting time, the transfer arm 31 must be

moved back and forth, and also the platen 21 holding the works of a first row must be slid

and moved for delivery of the works W of a second row. In this movement, the system

must wait until the works W can be fixed and held due to clectrostatic chucks. However,

according to the present embodiment which can reduce the waiting time, the work replacing
25  time can be reduced greatly.

[0067]
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10total of eight transfer arns. [0069] In this case, for
exanpl e, an operation for one of the upper and |lower transfer arns to
recei ve processed works froma platen and transfer themto a work
nounting table and an operation for the other to receive unprocessed
works froma work mounting table and 15transfer themto the platen
can be carri edugher gngeuthe %ﬁémk youniingctable A3 iseishd Hiceemnpen for the ewskny
speed of the system {0070] Specifically, in the case of the
first erfbdodndeherks tWe2opahen icomparsd ‘Fﬂfflg thez iqny jmplantatigng systeng \afj thy ﬁl‘tS'Ehe
operations of Fig. 4 (xi) and Fig. 3 (ii), the operations of Fi

(vi) ancenEogimenptheare (ogn by prearided: anecffgehat the rfgotafththgreoﬂJs(sxbate)ntraﬁﬂ the
Fig. 3 (i) can be respectively carried out sinultaneously. And, in

t he case@Bf- t he second enbodi nent, the operations of Fig. 8 (iv) and
Fi g. 9 (v), and the operations of Fig. 9 (viii) and Fig. 8 (i) can be
carrided out sitteerermeisimveptionis aohlimiies to gfe abovserabodiipeks t o be hel d by
a work hol der may be one or three or 25nore. [0071] In the
case thdfP0%le nunber of transfer arns (in this case, the nunber of
transfer arnms having different axes) is the sanme as the nunber of
rows, as in ter e@swird tendercirms may aldedet ipddeshipuertishlly maltipjesteges oan
be enhanced reatly. For three or nore rows, the heights of the

t ransf erSIr@lQTgmﬁayhb@e sege ofitp aippaitand dowdiatagesian the finssfeabodinest, chare bes

t ur ned 5|ndependentl The transfer sequence of works is al so
not | i minreidedo toad Oéﬁbvéraesfbroaimﬁemdsnﬁhc secand onbodimguie eresarergiovided @

be used. [0072]
10 total of eight transfer arms.

[06069]

In this case, for example, an operation for one of the upper and lower transfer arms
to receive processed works from a platen and transfer them to a work mounting table and an
operation for the other to receive unprocessed works from a work mounting table and

15 transfer them to the platen can be carried out simultaneously, which can enhance the
processing speed of the system.
[0070]

Specifically, in the case of the first embodiment, the operations of Fig. 3 (v} and

Fig. 4 (viii), the operations of Fig. 4 (xi) and Fig. 3 (ii), the operations of Fig. 3 (vi) and Fig.

20 4 (vii), and the operations of Fig. 4 (xii) and Fig. 3 (i) can be respectively carried out
simultaneously. And, in the case of the second embodiment, the operations of Fig. 8 (iv)
and Fig. 9 (v), and the operations of Fig. 9 (viii) and Fig. 8 (i) can be carried out
simultaneously.

The number of rows of works to be held by a work holder may be one or three or

25  more.

[0071]
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The arrangement of the works on the platen may al so be zigzag. In
this case, the 10 x-direction dinension of the system can be
reduced. The noving direction of the platen need not be perpendicul ar
to the beamirradi ation direction. A twi st nechani smfor

adj usting the twi st angles of the works may al so be provided and the
tw st adj ust mehthaofase Hat fsrivenben !l Bransigrcremp éincthis case, dlfet mymbeh of Wondler
enter the |oad | ock chanber. 15[ 0073] The structure of the ion
beam i r raaes Aaying didsembmioshis shegemgfas theausmper efirpive, an it the isgrioné mbaodisat,
specific one. For exanple, there may al so be enployed a structure

whi ch i rib¢ thieughgutraidhe syaigmesihdewalpmeed groathan &by thresprminge ravess thetheights
beamemtted froman ion source. 20[0074] The structures of

t he wor kofl Badirargfeangminmeadien getrdidiseant sm thahéhaviaksfenr amss ean be turned
mechani sm the internediate transfer nmechanismand the |ike are not
li m tSed inéepepdsstly.shown i n the above enbodi nents. For exanple, there
may al so be used a conveyor-system structure or a structure having a
mul ti-axis ar tlihe waasferseauance Al sorkstinelspaior Hoited chthniabow aBbreigdentobutbe
arranged symetrically with respect to the virtual straight |ine, but
one of tWEAIMEgudseessnayelselr ysadone of two areas divided by the
virtual straight |line and the other may be situated in the other
area. THAP72ls, the expression "opposed to each other" used in dains
means the above-nentioned wi de concept, of course, including

symet ri cal arlhaagaraement gfobey $prkvion tﬁml?'@tﬂﬂ@tﬁy@@ terzagrsg.er Inrthis lvasel, the
is not always necessary. That is, the work 5 holder may al so be

st r udt uredirestien dinprasiontof dher Bysteinycanr enstleged. Whhkmoving dirkasionenf theplatea
chanber froma work nmounting portion to an irradiation area. In this
case, t Heedvartibepopandipianio titej isamgeadiatipnadretti. wor k del i very ar ea.

The work is not limted to a wafer but may be a netal substrate or a
bl ock menber Antheistofneghantsed éerendiiisiog thattenst singleprnd, the hworkhappy  alfo thise
work is not limted to a circular 10shape but may al so be a

r ect anguireiidestand dhe (W09 adjustment of therverks meaydpg nivasla ipefore draaticr tha dvcak exntdrs
not limted to an ion beam but may al so be an el ectron beam a

quant umtheeleaq logkghashtest r omagneti c wave or the |ike. For exanple, the
i nvention can be applied to an electron beamirradi ati on system a
sputlfer ilBy/3lnst rument, a

The structure of the ion beam irradiation mechanism side of the system is not
limited to any specific one. For example, there may also be employed a structure which
includes a mass analysis magnet for analyzing the mass of a beam emitted from an ion
source,

20 [0074]

The structures of the work loading and unloading mechanism, the work transfer
mechanism, the intermediate transfer mechanism and the like are not limited to those shown
in the above embodiments. For example, there may also be used a conveyor-system
structure or a structure having a multi-axis articulated arm. Also, the paired mechanisms

25  need not be arranged symmetrically with respect to the virtual straight line, but one of them

may be situated in one of two areas divided by the virtual straight line and the other may be
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15pl asma dopi ng system and the |ike. The invention i s not
limted to the above-nentioned enbodi nents but can be nodified
variously w thout departing fromthe subject matter thereof. WHAT IS
CLAIMED I S: 1. An energy beamirradi ati on system conpri sing:

an energy beamemtting nechanismthat emts an energy beamtoward a
5pr edet eltipigddn the ofer ateponThat ds theggxgression “opposeq tysaeh efbeig aised ngfElaims
transfers works between a predeterm ned work delivery area and the

i rradi atMeats dieakove-menigned &videcioneepl.rof setiras, dnlushng stymmetiégalgreangament.
wherein the work delivery area includes two work delivery areas
formed dfpbyed to each other across a virtual straight |ine
passing the energy beamirradiation area, and 10t he work hol der

i ncl udes: The intermediateytrgnsfes tneghaisihdd Beralyaystnepessanst eFhat ishghangerks
between a first work delivery area and the irradiation area; and

a secondolist Rk glsa e steprvred pushdhasitelitcpldy Giwskess wekowrersiareddatorndhambi
delivery area and the irradiation area. 15 2. The energy beam

i rradi atffon asyetkempertngr piirtiep toaminddiation area.  In thihepssi thet Werkf inpatingnd
second work hol ders are capable of transferring works different in

si ze fr riemcKrves pethe work delivery area.

The work is not limited to a wafer but may be a metal substrate or a block member

made of a predetermined material. And, the shape of the work is not limited to a circular
10 shape but may also be a rectangular shape.
[0076]

The energy beam to be irradiated is not limited to an ion beam but may also be an
electron beam, a quantum beam, and electromagnetic wave or the like. For example, the
invention can be applied to an electron beam irradiation system, a sputtering instrument, a

15 plasma doping system and the like.
The invention is not limited to the above-mentioned embodiments but can be

modified variously without departing from the subject matter thereof.
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203. The energy beamirradi ati on systemaccording to daim1l or 2,

further conprising: a first work nounting portion and a second
wor k mounting portion that are fornmed in two portions opposed to each
ot her across the virtual straight |ine; a first transfer

menber that transfers works between the first work delivery area
25and t h& HAT StCLRMERDSMt i ng portion; and a second transfer nenber
that transfers works between the second work delivery area and the
second work nounting portion. 4. The energy beamirradiation
system according to Claim3, further conprising: 5a third work

nmount i ng portilon t hAf epEey BearktragiBtioR Biftarh€ompRYeSwor k nount i ng
portion and the second work nmounting portion; athird
transfer nenbéP $KEY DEHPsTRFGBIeREANEET REnemite anj preESYVbENN deMatte py
area and the third work nounting portion; and a fourth

t r anst erPradsiasined ipsadigtionpegapangd. wor ks bet ween the second work delivery
1l0area and the third work nmounting portion. 5. The energy beam
irradi ati on systakheldedhditygsfes vorks bebseesra predojgiminst nvork deliveryprses dnde

transfer nmenmbers are capable of transferring works different in size
frome adhe 5{a|q@le_on gnsa, the works being irradiated by the energy beam,

wherein the work delivery area includes two work delivery areas formed opposed
to each other across a virtual straight line passing the energy beam irradiation area, and
10 the work holder includes:
a first work holder that transfers the works between a first work delivery
area and the irradiation area; and
a second work holder that transfers the works between a second work

delivery area and the irradiation area.

15
2. The energy beam irradiation system according to Claim 1,
wherein the first and second work holders are capable of transferring works
different in size from each other.
20 3. The energy beam irradiation system according to Claim 1 or 2, further

comprising:
a first work mounting portion and a second work mounting portion that are formed
in two porttons opposed to each other across the virtual straight line;
a first transfer member that transfers works between the first work delivery area
25  and the first work mounting portion; and

a second transfer member that transfers works between the second work delivery
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6. The energy beamirradi ati on system according to any one of C ains
lto 5, wherein one of the first and second work hol ders noves
a predeterm ned distance after receiving works froma transfer nenber
in the corresponding work delivery area and receives other works from
the said transfer nmepber to nmount nultiple rows of works in a

20movi ngreR #8idhs gsond work gpoustiag §ertiseam i rr adi ati on syst em accordi ng
to any one of Clains Ito 6, wherein the energy beamis an i on beam
and an ion is inplanted i nto works.

4. The energy beam irradiation system according to Claim 3, further
comprising:
5 a third work mounting portion that is formed between the first work mounting
portion and the second work mounting portion;
a third transfer member that transfers works between the first work delivery area
and the third work mounting portion; and
a fourth transfer member that transfers works between the second work delivery

10 area and the third work mounting portion.

5. The energy beam irradiation system according to Claim 3 or 4,

wherein the respective transfer members are capable of transferring works different
in size from each other.

15

6. The energy beam irradiation system according to any one of Claims I to 5,

wherein one of the first and second work holders moves a predetermined distance
after receiving works from a transfer member in the corresponding work delivery area and
receives other works from the said transfer member to mount multiple rows of works in a

20  moving direction.

7. An energy beam irradiation system according to any one of Claims 1 to 6,

wherein the energy beam is an ion beam and an ton is implanted into works.
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