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of theTésnpeaceshalnyemttoumelates to an ion source vaporizer

for heating a solid sample of an ion source supplied to an ion
beamirradiationapparatussuchasanionimplantationapparatus.
Moreparticularly, thepresent inventionrelatestoan ionsource
vaporizer which can prevent a clogging of a nozzle for feeding
a vapor sample from the vaporizer to an arc chamber.

Description of the Related Art

In these days, the surface modification with icn
irradiation and the 'J‘_.mplantation of impurities into a silicon
wafer or a glass substrate are actively conducted. These ions

are obtained by ionizing a gas or a solid sample. The metal

~such as phosphorus, antimonyor aluminumis solidat the ordinary

20

25

temperature. To obtain ions from those solidé, it is required
that the solid sample is vaporized by heating and fed in vapor
state into an arc chamber.

Usually, to produce a vapor from the solid sample, an
ion source vaporizer is employed having a hollow sample cell
and a heater for heating and evaporating the solid sample around
it.

Fig. 2 shows one example of the conventional ion source

vaporizer. An ion source vaporizer 1 includes an vaporizer main

Field of
ntion 5 The present invention relates to an ion source vapori zer
ing a solid sanple of an ion source supplied to an ion Zﬂb%ﬁm!’,



25 vaporizer. An ion source vaporizer 1 includes an vaporizer main 1 2 0
OCT 2005 body 2, a nozzle 10, a nozzle fixing nenber 20 and a heatzr ﬁﬁ.
The vaporizer main body 2 is made of a netal such as stainless st gl, éN@
has a hollow structure with a bottom having 5 an opening portion. The
vaporizer main body 2 has a sanple cell 3 on the bottom side of the hollow
structure, a taper portion 4 in the central portion and a thread groove 5
in the upper portion. The sanple cell 3 and an arc chanber 40 are

connect e%odtfrzquw id¥ 1027 € LG dpgee of i §BhE! méfr!ﬁ@ra§03ra?1idnlae§1%as§eezﬁl . 10
The nozzle 10 has a collar portion 11 is forfred atone end portion thereof.

The collgb portion 11 is fixed to the taper portion 4 in a nmanner to cover
the sanple ‘cell 3 by the nozzle fixing menber 20. The nozzl e fixing nmenber

20 has a threagd,ridge 21 around rt ,of. the oute eri phery thereof and
Che throad 16 TRy @HPOY 2 St iy PRAVNE L B384 Obva 8o Ehe SR Bnd. o
the nozzle 10.is fitted into_ a gas inlet port, not shown, of the arc

chamber #62iR1EL5AS ateghplandhaps PeRloyett BACEHER Wisth plsHeR e iy

antinony. A tenperature neasuring device 32 such as a thernocouple is
provi®ed ancapenhagierxbirnf Riwevenepli€c2zomadn bady hbalsecatsamp@be sied as a
sheath heater is provided around the vaporizer main body 2, and connected
via a caBl en tbée sbbwm side o heduoee s tEurdtharayrae tapdep pexdiam
portion 6 is
4 in the central portion and a thread groove 5 in the upper
. ) portion. The sample cell 3 and an arc chamber 40 are connected
“ through the nozzle 10 made of metal such as stainless steel.
10 Thenozzle10hasacollarportian11isformedatoneéndportion
thereof. The collar portion 11 is fixed to the taper portion
4 in a manner to cover the sample cell 3 by the nozzle fixing
member 20. The nozzle fixing member 20 has a thread ridge 21
around a part of the outer periphery thereof and the thread
15 ridge 21 is mated with the thread groove 5. The other end of
the nozzle 10 is fitted into a gas inlet port, not shown, of
) the arc chamber 40. A solid sample 31 is ion species such as
phosphorus or antimony. A temperature measuring device 32 such
as a thermocouple is provided near the bottom of the sample
20 cell 3. The heater 30 such as a sheath heater is provided arcund
the vaporizer main beody 2, and connected via a cable, not shown,
to a power source. Furthermore, a depression portion 6 is
provided in the bottom portion of the vaporizer main body 2.

When the solid sample 31 is exchanged, it is required that the

25 ion source vaporizer 1 is quickly cooled. To do this, the air



provided in the bottom portion of the vaporizer main body 2. Wen the
sol'id sanple 31 is exchanged, it is required that the 25 ion sourfgﬂ
vaporizer 1 is quickly cooled. To do this, the air 2 10 OCT 2005 F%ﬂ@@d
into the depression portion 6 fromthe conpressed air supply, not shown.
The vaporizer main body 2 and the sanple cell 3 are heated by energizing
the heater 30, so that the solid sanple 31 filled 5 within the sanple cel
3 is vaporized. A vapor produced in the sanple cell 3 passes through a

nozzl e guidlerPordd omi? Ohe theor8937b8 pBrRREN §d £l RO thfae c%fnﬁafégag@ff 40.

A signal of the tenperature measuring device 32 is sent to a controller
not shown, ' 0 I 2 current applied to the heater on the 10 basis
of the s}%inram%&rg'g[}ﬁ% eéttl e tenperature of the sanple cell 3. In the ion
source vapori z | as described aboye, th taper portion_4 is fornmed as a
Cesul t of machiihEePEYAPFEMBRE™ BHOY ReARA e SeRPLEIGE bbdy258 FRRE I | ar
portion 11 of the nozzle 15 10 is fixed to the taper. portion of the

4
vapor i zePWBRRIGdRI N thgeater dftesoctRRtinthe sadd dofampéecd! 1B LR ti on

11 and the taper portion 4 are only in |linear contact (nore strictly in

poi ntd comtiddiimitheegamal epoehl sy is Viemoafigresl. Pheppoksprodycedt in Havaral

resi stance between the collar portion 11 and the 20 taper portion 4, so

t hat t he seegileofcdlie 3vpposiesethmaiughbadygozzle guide portion 12 of the
nozzle 10 and fed into the arc chamber 40. A signal of the
temperature measuring device 32 is sent to a controller, not
shown, which controls a current applied toc the heater on the

10 basis of the signal to regulate the temperature of the sample
cell 3.

In the ion source vaporizer 1 as described above, the
taper portion 4 is formed as a result of machining requirement
of the vaporizer mainbody 2. The collar porticon 11 of the nozzle

15 10 is fixed to the taper portion 4 of the vaporizer main body
2, and the outer circumference of the collar portion 11 and

) the taper portion 4 are only in linear contact (more strictly
in point contact at several points). Therefore, there is a

great thermal resistance between the collar portion 11 and the

20 taper portion 4, so that the heat of the vaporizer main body

2 is not sufficiently transmitted to the collar portion 1l.

The arcchamber 40 hasnormallyahigher temperature (e.qg.,

600°C) than the sample cell 3, so that the heat is transmitted

from the arc chamber 40 to the nozzle 10. However, the heat

25 from the arc chamber 40 is mostly transmitted via the nozzle



2 is not sufficiently transmtted to the collar portion 11. The arc
chanber’ 40 has nornmally a higher tenperature (e . g . , 6000 than the
sanple cell 3, so that the heat is transnmitted fromthe arc chamb@dCEQ)lo
the nozzle 10. However, the heat 25 fromthe arc chanber 40 is nostly
transmtted via the nozzle 3 2 0 OCT 2005 fixing nmenber 20 in contact with
the nozzle 10 to the vaporizer nmain body 2, not to the nozzle 10.
Therefore, heat is difficult to be transmtted especially near the collar

port 1o 1&i 01 nf emiti2 308 QI OMRY U tYPEREIFSE 2 [BID RBWLE v ANM L UL her

fromthe 5 arc”chanber 40. Hence, It Is estimated in a cerfai on source
operation ¢ | L4 t th cﬂé} rd i ﬂ} s the_lLowest. _te rature
in vaporr}?arl;lwng}ﬁdég?bn#%%t os]?%% %}%%0};‘03?8%% %ﬁdr ng 13 C&)%éle%n]@g%t ly, a
vapor of the solid sanple 31 produced 10 in the sanple cell 3 is cooled on
the viay (P Bife CEPESBRANES SSBBCbY LLNGNEAF | e [Sorcian PPE AR g Powehe
tenperature, _recrystallized and grown (a _vapor comng later is further
recryst alez%el§ 1q ExembhacBperiseh I@H@@Qﬁg? groBRenfuEtbey frae the
nozzle 10 is clogged, the operation of 15 an ion source nust be stopped to
repl abe tdwec ichambeur 46 - vaportceerit 1s estimatad imaackoned nt hooughpute of t he
lon inplantation apparatus. Al so, the ion source vaporizer 1 having the
nozzl e Idbextayyen nmiditel avdateultéd aodlerepoedionedtl hisgthe owsrobl em
temperature in vapor transmission péths of the ion source
vaporizer 1.
Consequently, a vapor of the solid sample 31 preduced
10 in the sample cell 3 is cooled on the way to the arc chamber
40 by the collar portion 11 having lower temperature,
recrystallized and grown (a vapor coming later is further
recrystallized), leading nozzle to a clogging problem.
Every time the nozzle 10 is clogged, the operation of
15 an ionsourcemust be stopped to replace the ion source vaporizer
1, resulting in a lower throughput of the ion implantation
) apparatus. Also, the ion source vaporizer 1 having the nozzle
10 cloggedmust be overhauled andcleaned, resultinginaproblem
in its overhaul.
20 When the ion species is antimony especially, this problem
is worse. A melting point of antimony is about 630°C, and if
the temperature of the sample cell 3 is increased above the
melting point, antimony is completely melted within the sample

cell 3 and becomes liquid. If the ion source is used in such

25 a condition that the ion species is used in such a liquid state,



inits overhaul. 20 Wen the ion species is antinony especially, this
problem is worse. A nelting point of antinony is about 630'C, anggih hﬂf
tenperature of the sanple cell 3 is increased above the nelting E[
antinony is completely nelted within the sanple cell 3 and becones |iquid.
If the ion source is used in such 25 a condition that the ion species is
used in such a liquid state, 4 2000T2005 liquid antinony sticks to the
sanple cell 3, the nozzle 10, and the arc chanber 40, causing a cl eaning

probl em Hefiekd aeimoRpt s6DBYsi oefRbO¥BRPpAS Lhe1i @ WRCIRSz1ide o,
tenperature of the sanple cell 3 nust be set at the nelting point or

bel ow 5 £l end 2POWRAGHNAED! Lok 9NN eBraseFEBIIRRe HLETDETAlY o

distributions of the arc chanber 40, The noz the vaporizer main
00,2 Pty by e T B o RS SRR A 4t
vy 1o (RS difinbet THEC 0 Seowed: £ Mo S GG Fortakar- 11,
This is because the collar portion 11 of the nozzle 10 is |ess subject to
t her ml conductBigh f BonPBPHEr pardancertupk e HIARE y XRRXSSIFHI NG, when
the tenperature of the sanple 15 cell 3 is set at a tenperature (C) bel ow
t he tenpdrempraratiBye disanebytionsthé thereayc rchambeof f4iGi daite mammie of
vapor can be
10 and the vaporizer main body 2 (sample cell 3). The line X
indicates the temperature distribution of the nozzle 10. The
Vtemperature of the nozzle 10 is highest (A) at a portion fitted
10 into the arc chamber 40, is decreased as being farther away
from the arc chamber 40, and lowest (B) in the collar portion
11. This is because the collar portion 11 of the nozzle 10 is
less subject to thermal conduction from other parts, as
previouslydescribed. Herein, when the temperatureof the sample
15 cell 3 is set at & temperature (C) below the temperature (B),
namely, on the line ¥, if a sufficient amount of vapor can be
‘) collected, a vapor produced in the sample cell 3 does not come
into contact with a lower temperature portion than the
temperature (C) of the sample cell 3 till it reaches the arc
20 chamber 40, and is not recrystallized. However, in a case where
the solid sample 31 is antimony, a sufficient amount of vapor
can not be collected if the temperature of the sample cell 3
is lower than the temperature (B). Hence, the temperature of

the sample cell 3 must be set at a higher temperature (D) than

25 {(B). In this case, the vapor at the temperature (D), namely,



collected, a vapor produced in the sanple cell 3 does not cone into
contact with a lower tenperature portion than the tenperature (C)zﬁﬁmﬁqﬁm
sanple cell 3 till it reaches the arc 20 chanber 40, and is not
recrystallized. However, in a case where the solid sanple 31 is antinony,
a sufficient amount of vapor can not be collected if the tenperature of
the sanple cell 3 is lower than the tenperature (B) . Hence, the
tenperature of the sanple cell 3 nmust be set at a higher tenperature (D)
than 25 (d3) thel Nihi 3, Casfest hat¥apentattt Bethewper abung( Bopt tmaly, 5
200CT2005 on the line Z, cones into contact with the collar portion 11 of
Lhe n0zzlg HeAhol,0Wer 10eaRel Bl Cebiiber 30k RANENC HARML L LHPYAMIE 1S
a zed 1N t iy

decreased, and antinony is recrysta coll ar "portion

Therefore, the nozzle is,clogged, A 5,simlar phenonenon is.seen en the
so1 1 d SamTEEE NS AT TRy (R B T eBB G & P eaRwars Lr 2 L7

I nvention_ Thus, it is an object OIRFt h% gr esent invention to_provide_ 10 an
i on sour & &rlitte P HatOR ahl dr LAPERIPER b&BH SR L 157 CAoRERE -t e,
when antinony or alumnumis enployed as the solid sang)l e, in which

ant i ndny diidiampPhanrrnapen Fedesicshen the soddshsampdel 31 sisned uminum
recrystallized in a nozzle to cause the clogging of the nozzle. 15
Accor di ngnted ttimgy prodsented07Cénti on, there is provi ded

Summary of the Invention

Thus, it is an object of the present invention to provide

10 an ion source vaporizer that can draw an ion beam stably for

a long time, when antimony or aluminum is employed as the solid

sample, in which antimony or aluminum vaporized once in the

sample cell is not recrystallized in a nozzle to cause the
clogging of the nozzle.

15 According to the present invention, there is provided

an ion source vaporizer comprising: & hollow vaporizer main

~—

body having an opening portion; a heater for evaporating a solid
sample within the vaporizer main body:; a nozzle for feeding
a vapor produced within the vaporizer main body into an arc
20 chamber; a crucible for filling the solid sample, the crucible
‘being disposed within a cavity of the vaporizer main body and
being engaged with the nozzle; and a pressing unit for préssing
the crucible against the vaporizermain body. In the ion source
vaporizer, preferably, anupper part of the crucible is screwed

25 one end portion of the nozzle, and a bottom part of the crucible



an _ion source vaporizer conprising: a hollow vaporizer main body having an
opening portion; a heater for evaporating a solid sanple within t e 0CT 2008
vapori zer nmain body; a nozzle for feeding a vapor produced within the
vapori zer main body into an arc 20 chanber; a crucible for filling the
solid sanple, the crucible being disposed within a cavity of the vaporizer
mai n body and being engaged with the nozzle; and a pressing unit for
pressing the crucible against the vaporizer main body. In the ion source

vapori zefis prefseeablayaidis tURPR beARtlon0b t BB CLusiithe Jrs tﬁg %\Qg)%é_%e e end
portion of the nozzle, and a bottom part of the crucible 2 005 is

pressed aE3nNHod & PAUHLR U115y C@yidy of the vaporizer main body by the
h

pressing unit. wththe above conStitution, the crucible and the nozzle

are engaged to e thernmal resistance.fromthe 5 crucible
to the nozzle ?gtr%%béh?\ég(}ﬁ%‘g%éoggﬁzcleth‘{ e c?rﬁFHFé%&ie %\nﬁa{ﬂle BPLhE
nozzl e, especially,, the |l ar portjon .of the ozzl e where the tenperature
s i kel 92 PosBA2PBHeF OSSR ARE, A ROSEDY I R e FRAJCT ARG EARILEE { he
recrystallization of vapor _on the collar portion of the nozzle, nanely,

cl ogq! ngCERCikde 1@ kb2 rezgds BanpbevERteaedpr Féncpesbei bempereft uriee

Drawings Fig. 1 is a conceptual view, partly in cross section, show ng one
exanpl e 6f aPabh ofotiheenoapderi zesractatdiyngtihe collar portion of the

nozzle where the temperature is likely to be lower can be almost
equal to the vapor temperature, the recrystallization of vapor
on the collar portion of the nozzle, namely, clogging of the

10 nozzle can be prevented.

Brief Description of the Drawings
Fig. 1 is & conceptual view, partly in cross section,
showing one example of an ion source vaporizer according to
15 the present invention;
Fig. 2 is a conceptual view, partly in cross section,
) showing one example of the conventional ion source vaporizer;
and
Fig. 3 is a conceptual graph representing the temperature
20 changes of the arc chamber, the nozzle and the vaporizer main
body (sample cell}.
Detailed Descripticon of the Invention
Fig. 1 is a conceptual view showing one example of an

25 ion source vaporizer according to an embodiment of the present



15 the present invention; Fig. 2 is a conceptual view, partly in cross
section, showi ng one exanple of the conventional ion source vaporqurﬂ]aﬂﬂs
Fig - 3 is a conceptual graph representing the tenperature 20 changes of
the arc chanmber, the nozzle and the vaporizer main body (sanmple cell).
Det ai |l ed Description of the Invention Fig. 1 is a conceptual view show ng
one exanple of an 25 ion source vaporizer according to an enbodi nent of

the present 7 200CT2006 i nvention. The sane or |like parts are designated by

the sane j{Wmfads. aPhé Nsdhd o 0fkd Rurvon i iQnalg ﬁ@é@lw{ tHe tdine
following, the different points fromthe conventlonal example wll be

mainly JGAGIAPEHs 3sAln| G POY CErVRRRY Iktuchiisadl Ceyahple S fidmehabl y

inserted into a caV|ty of "a vaporizer main body 2. An ins

tCLlrJgiatgl Sr%ejvjeo%ﬁn?’s %eogilg?(?r%r?taﬁg %ggffigﬁﬁeﬁ\é face eo'?'?]t%rga]zrel.r?c) r%flzelSOA A

t hr ead rldg%;ﬁa% ed 10 oa an outer face of a collar portion 11 at
one end df* yah n ﬁ %ﬁﬂrhgf d with the thread groove 51 of t he

cruci ble 50. The other end of the nozzle 10 is fitted into a gas inlet
port, 5 not sholil g HPWIEe ARz I Aahe §amsikdite? E@Qﬁﬁ‘a ly

inserted into a cavity of a vaporizer main body 2. An inside

of the crucible 50 is a sample cell 3, and is filled with a

y solid sample 31. A thread groove 51 is provided on an upper

inner face of the crucible 50. A thread ridge 13 is provided

10 on an outer face of a collar portion 11 at one end of a nozzle

10, and mated with the thread groove 51 of the crucible 50.

The other end of the nozzle 10 is fitted into a gas inlet port,

not shown, of an arc chamber 40 in the same manner as the

conventional example.

15 The ion source vaporizer 1 further has a pressing unit

for pressing a crucible bottom 52 that is the bottom of the

) crucible 2 against the bottom of the cavity of the vaporizer

mainportion 2. Anozzle fixing member 20 serving as the pressing

unit is engaged with the thread groove 5 of the vaporizer main

20 body 2 and presses the collar portion 11 of the nozzle 10 with

a fixing member top end portion 22 that is the top end of the
nozzle fixing member 20. -

Inthis invention, thethreadridge 13 formed on the collar

portion 11 of the nozzle 10 and the thread groove 51 of the

25 crucible 50 are mated with each other, and pressed toward the



conventional exanple. 15 The ion source vaporizer 1 further has a pressin
unit for pressing a crucible bottom52 that is the bottom of the Zﬁﬂﬂﬁimﬁb
2 agai nst the bottomof the cavity of the vaporizer nmin portion 2. A
nozzl e fixing nmenber 20 serving as the pressing unit is engaged with the
thread groove 5 of the vaporizer main 20 body 2 and presses the collar
portion 11 of the nozzle 10 with a fixing nenber top end portion 22 that
is the top end of the nozzle fixing nmenber 20. In this invention, the

thread ricqg@cﬂ@lé%g@éoﬁnséheyceh%ﬁmﬁ%t @bkl fod %@g@&%ﬁ&g 2pd the

thread groove 51 of the 25 crucible 50 are mated wth ea er, and
pressed t h ' %]pp EHY ng.gg i nber
top end por |%?13t"2%h% %ﬁgrz%;l;l(?gﬁg ﬁlgg%fgi a%g%[%lgg ruacél e %ug?%g% aced
in surface contact, but not conyentianal pojnt contact, resulting.in a
greater GMTERTE aPBh TBtNGBVENANTS RATRY SARFFEt FETHHIL 59 o4f oFance
bet ween them Consequently, the heat of the crucible 50 can be transmtted
smoot hl y Fedfer c‘EFPIP%?C%O?Jf‘F%rFOlPadTE Phé L HeAA @l Y syra hhert feermal
tenperature of the collar portion 11 becones higher. Hence, it is possible
to prévemesistayce Mativesr thevn Gansapient l porttieoheat ohael gruchlete oggi ng
10 of the nozzle 10 in the ion source vaporizer 1. As described above, the
det achabl5® cranc bkl er80smahtkd smoothly to the collar portion 11 of the

nozzle 10, so that the temperature of the collar portion 11

becomes higher. Hence, it is possible to prevent

recrystallizationontheccllarportionll, namely, the clogging
10 of the nozzle 10 in the ion source vaporizer 1.

As described above, the detachable crucible 50 can be

inserted into the cavity of the vaporizermainbody 2. To insert

the crucible 50 smoothly, there is a slight gap between the

side face of the crucible 50 and the side face of the cavity

15 of the vaporizer main body 2. If the crucible 50 is practically

inserted into the cavicty of the vaporizer main body 2, the side

e’

face of the crucible 50 makes direct contact with a part of
the side face of the cavity of the vaporizer main body 2, but
the contact area is only a small portion in the whole area.
20 Therefore, the heat transfer between the crucible side face
and the cavity side face of the vaporizer main body 2 is caused
mainly by radiation but not conduction (hereinafter referred
to as a “transfer from the side”). Cn the contrary, since the
crucible bottom 51 and the cavity bottom of the vaporizer main

25 body 2 are in direct contact, the heat transfer between the




inserted into the cavity of the vaporizer main body 2. To insert the
crucible 50 snmoothly, there is a slight gap between the side face b@ﬂfﬁﬂmﬁ
crucible 50 and the side face of the cavity 15 of the vaporizer main

2. If the crucible 50 is practically inserted into the cavi-cy of the
vapori zer main body 2, the side face of the crucible 50 nakes direct
contact with a part of the side face of the cavity of the vaporizer main
body 2, but the contact area is only a small portion in the whole area. 20

Ther ef or exriB€nheabotanshan leﬁtemeewt@ebewenbloq Srie JAssri 208 hhgncavity

side face of the vaporizer main 2°is caused nmuminly by radiation but
t d d " ") .
o ﬁg”c;*%%a%?yf5%[%%29%{%%%%2 %? C%%?P%E&%f SR BRI e

vaporlzer mai n 25.bod r ontact the eat_tr er between
Uheo 5 Or RS Zos ANRT B LB (Ol SR L e AR Bt T RES DBpbP | per
mai n body 2 1S caused mai nly conductlon (herejnafter referred to as a
"t ransf er®®¥8nt1kelBote Fags t@yd’c?ea ﬁ@%ﬁd}&tﬁ%%&l@mr@?.%ﬁm% pass

the heat than the radiation, the thermal 5 transfer fromthe vaporizer nmain
body B totramséencibPm He (VPR ZRY Nedus &ody 2t ke EhansreeiblenbPhis
bottom Accordingly, to efficiently transfer the heat fromthe vaporizer
mai n bodym2imnbyt heusedcbipl eh80transifsrr qom thet bothawe a pressing unit for
pressing the cruci ble bottom 52 agai nst
Accordingly, to efficiently transfer the heat from the
vaporizer main body 2 to the crucible 50, it is required to
have a pressingunit for pressing the crucible bottom 52 against
10 the cavity bottom of the vaporizer main body 2.
In the pressing unit, the thread ridge 21 formed partly
around the outer circumference of the nozzle fixing member 20
is engaged with the thread groove 5 formed on the vaporizer
main body 2, and the fixing member top end 22 forces the nozzle
15 10 down to consegquently press the crucible bottom 51 against
the bottom of the cavity of the vaporizer main body 2. As a
) result, the thermal resistance from the vaporizer main body
2 to the crucible 50 is decreased, thereby making the thermal
transfer smooth. The following advantages are provided. (1)
20 The temperature of the ion source vaporizer 1 can be increased
rapidly. Consequently, after the new solid sample 31 is filled,
the temperature of the ion source vaporizer 1 can be increased
rapidly, whereby the throughput of the ion implantation

apparatus is increased. (2) The temperature of the ion source

25 wvaporizer 1 can be decreased rapidly. Consequently, when the

10



10 the cavity bottom of the vaporizer main body 2. In the pressing unit,

the thread ridge 21 forned partly around the outer circunference ﬁ{ﬁmqwﬁ

nozzl e fixing menber 20 is engaged with the thread groove 5 forned on the

vaporizer main body 2, and the fixing nenber top end 22 forces the nozzle

15 10 down to consequently press the crucible bottom51 against the bottom
of the cavity of the vaporizer nmain body 2. As a result, the thernal

resi stance fromthe vaporizer main body 2 to the crucible 50 is decreased,

t hereby ki 1 st itehl d exichangfert, SRBOEdmpdhgthiok| OMithe: adwagdapes are
provided. (1) 20 The tenperature of the ion source vaporizer 1 can be

| ncr eased, o ap] fly.1 QoRSEABALLLa A Sadhe NewRAldil SAB! e Audipli! | ed,

t he tenper the 1on source vaporizer 1 can be ’i ncreased api dly,
wher eby th r.oughput. of I [ ion; _a r.at ps increased. (2)
The tenpé? t%Bg dﬂﬂ?hém%&REE%&ﬁgglngbggéiﬁfe?“i gg%I%EH%%%Teégﬁd %idly.
Consequent|ly, when the 10 0 . ,299 olid saml e.31 is, exchanged, the
Compor at (MBS HAr ¢ GOrdordb Ly PRETa CERy IBD S0 SAIBE St Yo
whereby the throughput of the ion inplantation apparatus is increased. (3)

The PenpEingirid danGidifignils &p srasigcdidsdtedsohaduwerpreredets

Since it is difficult to neasure directly the tenperature of the crucible
50, a terpes strwcdhieaS0n i &g armsat Bre e asivirdedevils R3ci Feronided
bottom portion of the vaporizer main body
in practice on the bottom portion of the vaporizer main body
2 to measure the temperature. Consequently, a difference in
temperature between the temperature measuring device 32 and
10 the crucible 50 c¢an be reduced. Moreover, owing to a
predetermined pressure applied on the crucible 51, the
difference in temperature between the temperature measuring
device 32 and the crucible 50 can be always kept within a certain
range.
15 Conventionally, since the solid sample 31 was directly
filled in the cavity of the vaporizer main body 2, the cavity
) had to be cleaned every time of changing the kind of the solid
sample 31 to be filled, for which the ion source vaporizer 1
could not be employed. In this invention, however, the solid
20 sample 6is filledin the crucible 50 that is detachably inserted
into the ion source vaporizer 1. Therefore, a new crucible
is prepared and the crucible 50 is only replaced with it, in
changing the kind of the solid sample 31 to be filled, whereby

the ion source vaporizer 1 can be immediately employed.

25 Further, if thematerial of thenozzle 10 and the crucible
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2 to nmeasure the tenperature. Consequently, a difference in tenperature
bet ween t he tenperature neasuring device 32 and 10 the crucible SQ% aeyT mes
reduced. Moreover, owing to a predetermi ned pressure applied on

crucible 51, the difference in tenperature between the tenperature
measuring device 32 and the crucible 50 can be always kept within a
certain range. 15 Conventionally, since the solid sanple 31 was directly
filled in the cavity of the vaporizer main body 2, the cavity had to be

cl eaned eygryst g ﬁitehaeaéngom@wkh@deqffet:*&ec%QJ Wt cHIigedl to be
filled, for whicCh ? he ion source vapori zer coul d not be enployed. In
this invention, t Sam | ed bl e 50
that is det acha%{l]y [ nser? eA(;'F é@t 0 trﬁ% I on sgfugjcdelslv%%%rlfzeﬂrmel &%ﬁg{r% %re

new crucible. is.pre are apd the crucrbl S onI aced mnth I, t |n
changi ng $¢ lﬁiﬁﬁfg? tHé Fﬂﬁ §8ﬁﬁPeS§TP % ?ﬁ) €t P on

source vaporizer, 1 can_ be i medi_at el enpl oyed. 25 Further |f the materi al
of the ndZ¥I@I%0 uhd the 204ei81ld 11¥2 SO0 5ol ¢ SOgrEERPEE WiHR

followi ng effect can be obtained. In the use of the ion source vaporizer 1,
the cPucithe nepzis 1P| iedlapdrdt hateokhe ¥apprd z&r medm thagherat uFRe and :
engaged with the nozzle 10. Then, the crucible 50 engaged with 5 the nozzle
10 is | oadAporhzert meinapodyzériﬂahﬁabedytz. s¥Neral hundreds degrees
centigrade to vaporize the solid sample 31. Thereafter, the
vaporizer main body 2 is cooled below room temperature, the
crucible 5 and the nozzle 10 are unengaged, and a new solid
10 sample is filled within the crucible 5. However, if the nozzle
10 and the crucible 50 are made of an ordinary metal such as
stainless steel, they may be heat-damaged at an engagement
portion, so that they can not be reused. On the other hand,
if they are made of graphite, no damage occurs, so that they
15 can be reused many times. In addition, other materials (e.g.,
ceramics, heat resistant metals) maybe substituted for graphite,
} so far as they are chemically stable at the service temperature
of the nozzle 10 and the crucible 50, with good thermal
conductivity, and can be made easily, without heat—dam\age.
20 Also, afixingmember inner face 24 that is an inner surface
of the nozzle fixing member 20 and a vapor guide portion 12
of the nozzle 10 may be kept out of contact, in other words,
a gap 23 may be provided between the fixing member inner face

24 and the vapor guide portion 12.

25 The heat fromthe arc chamber 40is likelytobe transferred
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vaporizer main body 2 is heated to several hundreds degrees centigrade to
vapori ze the solid sanple 31. Thereafter, the vaporizer main body 72 (C$ 7805
cool ed bel ow roomtenperature, the <crucible 5 and the nozzle 10 are
unengaged, and a new solid 10 sanple is filled within the crucible 5.
However, if the nozzle 10 and the crucible 50 are nmade of an ordinary
nmetal such as stainless steel, they may be heat-danaged at an engagenent
portion, so that they can not be reused. On the other hand, if they are

made of grapiHd j%olfl%rdﬁgﬁﬁ?toﬁcﬂ"éf 3 hatz 1dhay, 13 ¢aR Denteused rRAY
times. In addition, other materials (e.g., ceramcs, heat resistant

Tetals) npyhe SUBSLIY e 0r 8Ni {6, IR0 Laboas ddiey e, chemleas |y

stable a service tenperature of the nozz e crucrbl e 50,
wi t h good. t her nal onductivit nd _c e e easily, wihaout.

et - danr SRR SEY T B (et RBEe TERBE SEER SRR ERton H 4R s
surface of the nozzle ftﬁiag nﬁgber 20 gnd a va orﬁgrlde Qortion 2 of
the nozzI'd@@® GAPVBBLREPELddr IHNTOHRRCENE FhET Cawt 4€a 180y A 23 %my be
provi ded between the fixing nenber jnner face 24 and the vapor guide
porti 8n 101bar RRrtanr lnorrt Heeaf togtanse? L 4¢ 9338 Vb ibethPatRR err ed
12 Z 0 OCT 2005 to the collar portion 11 of the nozzle 10, rather than via
the noza@f¢xivaporhber R0ocap bAepvapenitedr main body 2. Consequently,

the tenperature of the collar portion 11 is higher
In this example, the nozzle fixing member 20 is employed

as the pressing unit, but instead, a spring may be provided
between the arc chamber 40 and the over main body 2 to press

10 the nozzle bottom 1l against the cavity bottom of the vaporizer
main body 2 by the use of a spring force.

In practice, the ion source vaporizer 1 is attached on
the arc chamber 40 in such a condition that the ion source
vaporizer 1 is in horizontal position. Accordingly, when the

15 ion souice vaporizer 1 having the solid sample 31 filled in
a standing state is attached to the arc chamber 40, the solid
) sample 31 may be spilt ocut of the nozzle 10 because the ion
source vaporizer 1 is turned sideways. To prevent this solid
sample 31 from being spilt, the collar portion 11 may comprise

20 a labyrinth structure.

In this example, a sheath heater is employed as the heater
30. However, besides this sheath heater, this invention may
employ a lamp heater or a laser-type heater.

[Examples]

25 In a Bernas type ion source (arc chamber 40), a powder
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than conventional ly, whereby the recrystallization on the 5 collar portlon
11, or the clogging of the nozzle 20 in the ion source vaporlzz é& %@g
prevented. In this exanple, the nozzle fixing nmenber 20 is enpl @ I t he
pressing unit, but instead, a spring may be provided between the arc
chanber 40 and the over main body 2 to press 10 the nozzle bottom 11
agai nst the cavity bottom of the vaporizer main body 2 by the use of a
spring force. In practice, the ion source vaporizer 1 is attached on the

arc Cha”b&‘itfllgoh? lﬁﬁf}l@acgggﬁfli&i%él@értﬁfggﬁtsfb'bcteo 3 g8y slf;:i_ 4s in

hori zont al pOSIt Actor di ng en the I'on source vapori Zer havi ng
the solid s }Mg Lhedibnz)acst qunf& SGA & 'lﬁa} tq
chanber 40, a1ﬁﬁe SO sa Fe % g e sS|| ﬁﬁﬁéﬁ zZle %I%écause
the ion ource va onger ois éurne% g demaﬁ . %o even thIS solid
sarpl o 3118 bR b RECA A Sl Par SoRt FERETE ShRy SEoRpPIBesn o0 %
Iabyrlntgb E ucture..In this exam? a sheath heater is empl oyed as t he
heat er FRPTLBEY| PR S Eﬁe(étellf‘pr?e%té%re PRASUTHTEhEFYR CRad” ) enpl oy
a Iang heater or a | aser-type heater. [Exanples] 25 In a Bernas type ion
source (atas skimed290¢, angendart IRy De@@WR9 O aant & tenpebmavdumrentyr ai n
di aneter of about 100 to 3004m was used
of 5004A. Inthe ion source vaporizer 1, the engagement portion
between the nozzle 10 and the crucible 50 has a thread length
of 4mm and two and half ridges, and the gap 23 between the fixing
member inner face 24 and the vapor guide portion 12 is 2mm.
10 The continuous operation was performed for 48 hours, for which
there was no phenomenon that the beam current was decreased.
The ion source vaporizer 1 was overhauled and inspected after
48 hours, in which no recrystallization of antimony was seen
anywhere in the nozzle 10.
15 On the other hand, using the conventional ion source
vaporizer l.as shown in Fig. 2, an antimony beam was drawn under
) the same conditions. The beam current was drastically decreased
in thirty minutes. In the meanwhile, the beam current could
not be measured. Overhauling and inspecting the ion source
20 vaporizer 1, it was found that recrystallized antimony sticking
near the collar portion 11 of the nozzle 10 fully closed the
vapor guide portion 12. -
This invention as described above has the foliowing

effects.

25 With this invention, the crucible for filling the sclid
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as the solid sanple 31 to produce an ampunt of vapor. Using the ion source
vaporizer 1 of this invention as shown in Fig. 1, the vaporizer 0CT_2005
tenperature (tenperature measuring device 32) 5 was set at 520C, JH% %n
anti nony beam was drawn at a beam current of 500A. In the ion source
vaporizer 1, the engagenent portion between the nozzle 10 and the crucible
50 has a thread length of 4nmmand two and half ridges, and the gap 23
between the fixing nenber inner face 24 and the vapor guide portion 12 is

2mm 10 THenpaRti NEUs GRS A8 Wak Pe6{ eyRdrher Lch
t here was noﬁpheno%enor% that the beam currge,nt \F\ég %%I%?gggég?d%gwiagﬁ

no ' oryobaF| F8zat et AL SCI BT L OERE kG i (i R pshEs M E e,
t he ot her hand, using.,the conventional i.on source v rizer as shown in
P%ﬁ’i‘/e @‘Eﬁ?t

|
Fig. 2, af'ghf DLV TEPART A Eef T OThE S 4T D& FRZZh&am

current was drastically decrease in thirtﬁ m nutes. | n the nmeanwhile, the
beam cur redt Rodicdusrst: 58 %%Elf-gb%?o@?érené Ai Hae s FRpeGamya madeon
source 20 vagé;izer 1, it was found that recrystallized antinony sticking
near Phe @bthg alpe st sAMEIt YRR Rt woe z A Crr ding Ly crarask ofid hapor zgei de
portion 12. This invention as described above has the follow ng effects.
25 Wth tésperavdayionthe heodrlasi bpertépnfi ofi Mmhe haosollial Shere the
temperature is likely to be lower can be made at the temperature
almost equal to the vapor temperature, whereby the
recrystallization of vapor or the clogging of the nozzle can
10 be prevented.
Inaddition, theunit pressing the crucible bottom against
the cavitybottomof the vaporizer mainbody is provided, whereby
the thermal resistance of the bottom portion of the crucible
and the bottom portion of the cavity of the vaporizer main body
15 can be reduced. Accordingly, the vaporizer can be subjected

to quick heating or quick cooling, and the temperature

) controllability of the crucible can be improved.

15



Z D OCT 2005 sanple is provided within the cavity of the vaporizer nain
body, the nozzle and the crucible being engaged with each ot her, 7OvVatEr ey
the thermal resistance fromthe crucible to the nozzle can be reduced, so
that the nozzle and the crucible can be made 5 at the al nost sane
tenperature. Accordingly, a part of the nozzle, especially, the collar
portion of the nozzle where the tenperature is likely to be | ower can be
made at the tenperature alnost equal to the vapor tenperature, whereby the

recryst alWHzati ®ncpiima@ofsor the clogging of the nozzle can 10 be
prevented. In addition, the unit pressing the crucible bottom against the

cavity bottom of the MmapQs z&5, @k “V?ﬁgi‘i'iérpgﬁ%ﬁbgﬁggn%er eby the thernal
e’ an

resi stance of the bottom portion of e cruci e bottom portion of
the cavity of t L,zer i.n bod 5 .can_be reduced. Accordingly, the
vapori zer can b%ﬁg\&g]%g{:'tvégorg%eﬁufnsﬁ%héggy%a‘é?‘naLﬁ”&I?%HPF%QO%WI{he
tenperature control]ability of the crucible can be inproved, 15 2 9 OCT
2005 What is. claaikr‘r%#ers.fof SKPRUESRY cé $dd AAmpbaphishig s8Il | ow

vaporjjzer mai n, body havi ng_an opening portion; a heater for evaporating a
sol i d°safFARORH 2R PR POBY vapori zer main body:;

anozzle for feeding avaporproducedwithinsaidvaporizer
main body into an arc chamber;
a crucible for filling said solid sample, the crucible
being disposed within a cavity of said vaporizer main body and
10 being engaged with said nozzle; and
a pressing unit for pressing said crucible against said

vaporizer main body.

2. The ion source vaporizer according to claim 1,

15 wherein anupper part of said crucible is screwed one end portion
of said nozzle. and a bottom part of said crucible is pressad -

] against a bottom of the cavity of said vaporizer main body by

sald pressing unit.

20 3. The ion source vaporizer according to claim 1,
wherein said pressing unit has a cylindrical member having an
inner face and an outer face, the inner face of said pressing
unit is not in contact with an outer face of said nozzle, and
the outer face of said pressing unit is partly engaged with

25 an upper inner face of said vaporizer main body.
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anozzle for feeding a vapor produced within said vaporizer main body into
an arc chanber; a crucible for filling said solid sanple, the cr pgigkt ons
bei ng di sposed within a cavity of said vaporizer nmain body and 10 being
engaged with said nozzle; and a pressing unit for pressing said crucible
agai nst said vaporizer nmain body. 2. The ion source vaporizer according to
claim1, 15 wherein an upper part of said crucible is screwed one end
portion of said nozzle, af-id a bottompart of said crucible is press-~d
agai nst a bottom of the cavity of said vaporizer nmain body by said
pressing unit. 20 3. . The ion source vaporizer according to claim1,
wherein said pregssing it . ha vl i i [ i n_.lLpper face
and an outer fagé, thEH?n%gE %gigﬁﬂ ié#%ﬁg%%£§??§O¢Eﬁ¥¥f9§§n%%apﬁ 6nt act
with an o face_of, said.nqgzzl.e, _an he outer face of said pressing
unit is p§$§%§18n8868dcﬁFFﬁ%9§5l&n“ﬁﬁ%@Fﬁ?ﬂuﬁréﬁﬂ%F%f sai d vaporizer nain
body. 16 20 OCT 5 4. The ion source vaporizer according to claim1, wherein
said crucible is made fromgraphite. a 5. The ion source vapori zer

according to claim1, wherein said nozzle is nmade fromgraphite. 17
5 5. The ion source vaporizer according to claim 1,

wherein said nozzle is made from graphite.



