; €3e6Z6WK6T?M@ | ON SOURCE VAPORI ZER cooooz Background of the Invention
Field of the Invention 5 The present invention relates to an ion source
vaporizer for heating a solid sanple of an ion source supplied to an ion
beam i rradi ati on apparatus such as an ion inplantation appﬁmﬂ'mmmmmm
particularly, the present invention relates to an ion sour

whi ch can prevent a clogging of a nozzle for feeding 10 a vaporissanpl e from
t he vaporizer to an arc chanber. Description of the Related Art In these
days, the surface nodificati &N wWePREHNVAYPREZERI on and t ' i on of
inpurities into a silicon wafer or a glass substrate are ﬂmmlm‘mmm‘mml
conducted. These ions 15 are obtained by ionizing a gas or a %%o{;]zd sanpl e.
The netal such as phosphorus, antinony or alumnumis solid at the ordinary
tenperature . To obtain Barkgibamdit bdseheollndentiton S required that the
solid sanple is vaporized by heating and fed in vapor state into an arc
chanber . F2@1dsu&l kne ttaveheddee a vapor fromthe solid sanple, an ion
source vapori zer 15 enployed having a hollow sanple cell and a heater for

heatimng and evagar@td fuht Re 2RIt rSaEPLecaraynRe i bn §d.0-cL vahus Qne
exanpl e of the conventional ion source 25 vaporizer. An Ion Source

vapor i zetol Logl ufes, A Mapacieee BRidh hon BO0L R sApBREEEEdtna di0?2! €

fixing nme a heater

beamirradiationapparatussuchasanionimplantationapparatus.

Moreparticularly, thepresent inventionrelatestoanionsource

vaporizer which can prevent a clogging of a nozzle for feeding
10 a vapor sample from the vaporizer to an arc chamber.

Description of the Related Art

In these days, the surface modification with ion
irradiation and the implantation of impurities into a silicon
wafer or a glass substrate are actively conducted. These ions

15 are obtained by ionizing a gas or a solid sample. The metal
such as phosphorus, antimony or aluminumis solid at the ordinary
temperature. To obtain ions from those solids, it is required
that the solid sample is vaporized by heating and fed in vapor
state into an arc chamber.

20 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

25 vaporizer. An ion source vaporizer 1 includes an vaporizer main



30. The vaporizer main body 2 is nade of a netal such as stainless steel,
and has a hollow structure with a bottom having 5 an opening portion. The
vapori zer nmain body 2 has a sanple cell 3 on the bottom side of the holl ow
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 connected
t hrough the nozzle 10 made of netal such as stainless steel. 10 The nozzle
10 has a collar portion 11 is forned at one end portiaon thereof . The
col | ar poPEYofr 13 1Q2F1Retlt 02t ezt apef 15oPF BRM2SEN28 RRANEr NEGt&dver the
sanple cell 3 by the nozzle fixing menber 20. The nozzle fixing nmenber 20
has a th#@ad 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 fTheedapordzargasinnbetypdr tis noidshoing pétahesach elsanber
40. A solid sanmple 31 is ion species such as phosphorus or antinony. A

t enper at sit &1 veasyrgtag lJdewnd é a32a $ied s sartihenmecailt e bet proviadecdgnear t he
bottom of the sanple 20 cell 3. The heater 30 such as a sheath heater is

pr ovisdeda Arspémt 1@ ov@peni. 2ek e RRIgH Hoyr aianBoa9meetsed st Pe ealll1e, not
shown, to a power source. Furthernore, a depression portion 6 is provided

in the botd OMROLLIRRLOE 1 HBE, ¥ aPO& izl 1 dRidt A e, WieR Hehe p3eliidrsanpl e
31 is exchanged, it is required that the 25 ion source vaporizer 1 1s

qui ekl v gopl et Too o, L0 sor LhenalfiaZa checkargedoiat g the deprggsion

; t i
portion he conpressed air supply, not € vapori zer main
hody 2 aggr%{]c?n.s%gel esa?n%llle ée%ﬁ% ha%ac} %ql arc chamber 40 are connected

through the nozzle 10 made of metal such as stainless steel.
10 ThenozzlelOhasacollar portionll is formed at one end portion
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 around
the vaporizer main body 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



by energizing the heater 30, so that the solid sanple 31 filled 5 within
the sanple cell 3 is vaporized. A vapor produced in the sanple cell 3
passes through a nozzle guide portion 12 of the nozzle 10 and fed into the
arc chanmber 40. A signal of the tenperature measuring device 32 is sent to
a controller, not shown, which controls a current applied to the heater on
the 10 basis of the signal to regulate the tenperature of the sanple cel

3. In the ion source vaporizer 1 as described %bove, the taper portion 4 is

formed assa PESERt1DFC nHthi FENGET 24U r BRERL OB Ot hECPapORi Z8FPHESS SFody 2
The collar portion 11 of the nozzle 15 10 is fixed to the taper portion 4
of the vabor§yePlymirobodyoWn- and the outer circunference of the collar
portion 11 and the taper portion 4 are only in |linear contact (nore
strictly in pofhe vepotrdce rana severchl 2poictde. sdhet efarld, 3tder beksed great
t hermal resistance between the collar portion 11 and the 20 taper portion
4, so thay eeer hiedtnothehesatogor30zesonethant bidoly s2liid swtp safFl €ienkldy
transmtted to the collar portion 11. The arc chanber 40 has normally a

hi gher tenperatide setpledcell 60Q6E) viaban itzhel sampigoealdoBucs® frhahet he heat
is transnmtted fromthe arc chanber 40 to the nozzle 10. However, the heat

25 fromihe, 88 e ehs4@si shiBahhyat ignsibt§edyigy theomozzleg 3ne fiXing
menber 20 in contact with the nozzle 10 to the vaporizer nmain body 2, rot

to the nozziee 10 dheretar entBedhd &l i Luld: Ly Doyt Apsmi t Ledegapecially

near the colTar portion 11 of the nozzle 10 fromthe vaporizer nain body 2,

and f ur ther, 1y om L he.5, 66 £hARR 405, HANGEN ted § 88hLTBYGY.I Ny certain

i on source

shown, which controls a current applied to 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 vaporizermain body 2. The collar portion 1l of thenozzle

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 11.

Thearcchamber 40hasnormallyahigher 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



operation condition that the collar portion 11 has the | owest tenperature

i n vapor transm ssion paths of the ion source vaporizer 1. Consequently, a
vapor of the solid sanple 31 produced 10 in the sanple cell 3 is cooled on
the way to the arc chanber 40 by the collar portion 11 having | ower
tenperature, recrystallized and grown (a vapor comng later is further
recrystallized), |eading nozzle to a clogging problem Every tine the
nozzle 10 is clogged, the operation of 15 an ion source nust be stopped to
repl ace ﬁﬁéﬂﬂﬁhm§§9€6e2@éﬁbFPEEﬁciﬂ”%%%Gﬁ¥ﬁﬁ@ZFﬁeal@6ﬁth?hY%®%ﬁbﬁ@rof t he
ion inmplantation apparatus. Also, the ion source vaporizer 1 having the
nozzl e 10adinoggel s st theo e haglzég hhd Tdlasmfeere r @t iagdi hfdCpiobl emin

its overhaul. 20 When the ion species is antinony especially, this problem
i s worse.toAbrettamgnpoied exfperitd niphyeiag abeuto BB3OC, pandi o ltlhe ft enper at ur e
of the sanmple cell 3 is increased above the nelting point, antinony is
conpl et elnpzrEld @0 fkdhithd kapsaiplee neih Boanpd becogs ritingdi drokfthde ion
source is used in such 25 a condition that the ion species is used in such

a |iqgidastatBamfBer 40 QUIHGrR, T MBNYs ShitGhs @l L hes saAYa cebh Southe nozzle
10, and the arc chanber 40, causing a cleaning problem Hence, when

anti mony Js oMlRy ednad tibe EARLSPRSi &1 4:he dampal qglugl%gowﬁhéhfoﬁ@g@' e cell

3 nmust be’set at the nelting point or below. 5 Fig. Wws a concept ual
O SHUGRILIa ey SE SRl MU of e, g 40 e
vaporizer 1.
Consequently, a vapor of the solid sample 31 produced
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 anionsourcemust 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 and cleaned, resulting inaproblem
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 acondition that the ion species is used in such a liquid state,



i ndi cates the tenperature distribution of the nozzle 10. The tenperature of
the nozzle 10 is highest (A at a portion fitted 10 into the arc chanber
40, -i s decreased as being farther away fromthe arc chanber 40, and | owest
(B) in the collar portion 11. This is because the collar portion 11 of the
nozzle 10 is |less subject to thermal conduction fromother parts, as

previ ously described. Herein, when the tenperature of the sanple 15 cell 3
is set at a tenperature (C) below the tenperature éB) , hanely, on the line
Y, if a sipRii€i antiappinctérkeaper thansparésl redtled, &heaperZProdioed in
the sanple cell 3 does not cone into contact with a | ower tenperature
portion thdnthde ricenperbenrdd ( Cpuofinghe cdaapliacerbbleni.| fencer edares t he
arc 20 chanber 40, and is not recrystallized. However, in a case where the
sol i d sagpkendiyi $ sashmbiered assuhki cbenspantuest, ahevapapetartuied Jdre
collected if the tenperature of the sanple cell 3 is |ower than the

tenperat uhe EBhpleHeate, 3thest v asat Wie tofe e tSaplp i6al lor3 paISy be set
at a higher tenperature (D) than 25 (B) . In this case, the vapor at the

tempegyature (Dy;q naflRlahows 20NcdREeht €1 Z,qS00RS ddH i SO wirth the
collar portion ig of thechozzﬁe 10 aiﬁl%mer(%enperafg%e (B)fgg% that the

vapor teEfggag;g%aﬁ;ieiﬁ%%;r%ﬁ%qpﬁén@fa@f;ker@% Fﬁa&%gry;tog' 'tir?eegloizrm}]éﬁe

col | ar por ererore, € nozzie 1s Clogge simlar pnhnenonenon

is seen en_the solid sample 31 i,s al wn num (el ti (o] 660C) ., Summary
of the | veﬁﬁjoﬁherh‘ﬁ%goﬁzl 5 né?’\l%bﬁ)oe%f Ltronf(stai'nm lper e%eelﬁ :ﬁn'\lglf’l}%el g‘nl % Xpr ovi de

10 an ion urce vaporijzer that can, draw an.ion peam stably fo
inggcates the temperature dlstryguglon OP @Ee nozzf% 16. The

temperature 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 temperature of the sample
15 cell 3 is set at a temperature (C) below the temperature (B),
namely, on the line Y, 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,



a long time, when antinony or alumnumis enployed as the solid sanple, in
whi ch antinony or al um num vaporized once in the sanple 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 conprising: a hollow vaporizer main body having an opening
portion; a heater for evaporating a solid sanple within the vaporizer main
body; a nozzle for feeding a vapor produced within the vaporizer nain body
into an & tA® dHaehér; camepuenbPeCPdra ¢t Iy te &l ar ept eont he
cruci bl e being disposed wwthin a cavity of the vaporizer main body and
bei ng engHgédieninolz ztliee 102 2| dpwandtempeessiing (Bl t fortipresthagraper
cruci bl e agai nst the vaporizer main body. In the ion source vapori zer,

pr ef er abltempar atpper  iparde cafe ddwed  cranmed Bing i rsc riewedk &5y oreel ehdegoiti on of
the nozzle, and a bottompart of the crucible G is pressed against the
bot t om oftHhe-claM# Yot ide vaporhegesfomen badynbyztibe ipr esisddgednia. Wth
t he above constitution, the crucible and the nozzl e are engaged together,

wher epy tsh%itl@errgﬁlenaﬁéhéhai@%e%qmmh% 56 Uehh ol D BRE; BozRke; £@n be
reduced. Since the tenperature of a part of the nozzle, especially, the

col | ar pq&&hgﬂjpf En%thﬁ%ﬁgéwhere the tenperature is likely to be |ower
can be al'nost eéh 0 the vapor tenperature, the recrystallization of

vapor on the collar portion of the nozzle, nanmely, clogging of the 10
nozzl e can be prevented. Brief Description of the Drawings Fig. 1 is a

conceptual view, partly |nsgégggysggtégg,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: a 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 pressing
the crucible against the vaporizer main body. In the ion source
vaporizer, preferably, an upper part of the crucible is screwed

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



showi ng one exanple of an ion source vaporizer according to 15 the present
invention; Fig. 2 is a conceptual view,. partly in cross section, show ng
one ‘exanpl e of the conventional ion source vaporizer; and Fig. 3 is a
conceptual graph representing the tenperature 20 changes of the arc
chanber, the nozzle and the vaporizer main body (sanple cell). Detailed
Description of the Invention Fig. 1 is a conceptual view show ng one

exanpl e of an 25 ion spurce vaporijzer accqrding to an enbodi nent. of the
present 75 PTRYeRti A1 HRE SRAEPQF LT k%fp%ﬁ LHEYES Gt @RSy 37 sane
nunerals as in Fig. 2 of the conventional exanple. In the follow ng, the

di f f er enb@pBi RPSYf PIMERRe PESAVEALT BRAL -exanpl e will be mainly described. 5
An ion source vaporizer 1 has a crucible 50 detachably inserted into a
cavity of a vapbthzgre miioyebodysR2itiAhionsitdes ofr udid lor sodbtiee 5@ 4zl sanpl e
cell 3, and is filled with a solid sanple 31. A thread groove 51 is

provi dedapa angagppertdgrtdie f ackeafedttheéher tbebhelSfes Ast hneadf romgehel3 i s
provi ded 10 on an outer face of a collar portion 11 at one end of a nozzle

10, and sabedbWet Bot bige ths £aTe 0O Yk dicdde samid bite %Q@mpEhe tafher end
of the nozzle 10 is fitted into a gas inlet port, not shown, of an arc

chanber 48 4 pdrite c$atBe MENET e A% i iGANMENEHRNBb 18%2MPb e i dR Jh&HLN
source vaporizer 1 further has a pressing unit for pressing a crucible

bottom 52,1 hat M?efé"%hgoﬁéﬁ%f’étﬁilg 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 a 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 Description 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



cruci ble 2 agai nst the bottomof the cavity of the vaporizer nmain portion 2
A nozzle 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

ridge 13 forned 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 t H&wntiQucilhice SEdte 6/ 52 kByPRREST RREngerbabatetopy ehlde poaeon 22.
Thereby, the nozzle 10 and the crucible 50 are placed in surface contact
but not comesrtliconms poi At dcort adt ,thesubrvegtianalge&anerl econtractharea to
have a significantly smaller thernmal 5 resistance between them

Consequerfid \,owiley heae of ffheent yws obtes 5d ccmnhkectdnaasii dvhed soammpheéy to
the collar portion 11 of the nozzle 10, so that the tenperature of the

col | ar peritilomel niecomese duihesd. Hence, it is possible to prevent
recrystallization on the collar portion 11, nanely, the clogging 10 of the

nozzlg 10 in the ien seuree vage&&é@& 1.nAs deseidbede abovstiheaieyachabl e
cruci ble 50 can be inserted into the cavity of the vaporizer nmain body 2 .

To insert-ﬁg’éertf‘erdlqinf%'oeaf?{%aﬁm@t Bleye %Qﬁ&fikgramghhgmd P, weed; hhe side

face of ﬁhe cruci ble 50 and the side face of the cavit of the vapori zer

S
TR SOk 2 A RSP S0 S gl |y | IRerd £ s e LY
contact WM & PR 651 N% Yl Ja% Svd N6y AV g M 0%y AROTZSL ™I 1
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
mainportion2. 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, the thread ridge 13 formedon 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



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 fromthe side") . On the
contrary, since the crucible bottom51 and the cavity bottom of the

vapori zer main 25 body 2 are in direct contact, the heat transfer between
the 9 cruci ble bottomand the cavity bott om of the vaporlzer mai n body 2

i s causedT&EinLe BP tEEH e i%h t(hr‘?er%&‘?éﬁ SFeRF TR G- dRORL PR af&f er from
the bottont). Since the conduction is nore likely to pass the heat than the
radi at i oFhegiebw heheadlo & ke dAsAEd theow i hEbiapdt prem s ed Bodyupiaeet he
crucible 50 is mainly caused by the transfer fromthe bottom Accordingly,
to effi cicemtactt ransfrert tdenhemtidénain phentaponitzert neigsbotyn@ tmw &he
crucible 50, it is required to have a pressing unit for pressing the

cruci bl e ghetatt@n s2nagaitnatedOtbhieacava tyi drot fomawef 1y henyaperi Zieermai n body
2. In the pressing unit, the thread ridge 21 formed partly around the outer

ci rcunf enenae tofn ddBe fRg&h & Hdmi 0enBeRlen t29, i tSh @ Reagess wldhc £ hei b he ead
groove 5 forned on the vaporizer main body 2, and the fixing nenber top end

22 T orces ot BenneZ 21,6 nls kG é@%o&ﬂ%%@%ﬁ@%d’l%ﬁ%ﬂﬁ%&rl‘i%'?.' @h@ot tom
51 against the botton1of the cavity of the vaporizer main 2. As

::?33: E)I etng% tl%e eér eas%gf\%tt?%g%egc; e&%ﬁ%lv gﬁt fltg{re itqlr%ﬁgg%]fztis?r%otﬁ The
ol ont g Syan adeecaLe oAl (1L 20, e LRGA T 8001 48,190 Source
recrystallizationonthecollarportionll, namely, theclogging
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 cavity of the vaporizer main body 2, the side
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”). On 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



rapi dly. Consequently, after the new solid sanple 31 is filled, the
tenperature of the ion source vaporizer 1 can be increased rapidly, whereby
t he throughput of the ion inplantation apparatus is increased. (2) The
tenperature of the ion source 25 vaporizer 1 can be decreased rapidly.
Consequent |y, when the 10 solid sanple 31 is exchanged, the tenperature
of the ion source vaporizer 1 can be decreased rapidly, whereby the

t hroughput of the ion inplantation apparatus is increased. (3) The

t enper at NS AN A dhe ke eriutiM B0 ki YaRrbYedr B2Shnce it
is difficult to neasure directly the tenperature of the crucible 50, a

t enper at el yreasiyr iosg stslvinee ndY by woaduddd dm (Freaotdineel toar t hef doredm
portion of the vaporizer main body 2 to neasure the tenperature.
Consequentd ys a Hitheséreceframt enpavat uom” bet fieenet tiee t evpéuat ioe HEasuri ng
device 32 and 10 the crucible 50 can be reduced. Moreover, owng to a

pr edet er mgied 1anessure aapki €He ONchbeticancibvé erddiat hendi therensenin
tenperature between the tenperature nmeasuring device 32 and the crucible 50

can bg alwayss kaptr Wl RhB 9a56F1 8bR KaNE®Hodp Corventi epakhyleskpcest he
solid sanple 31 was directly filled in the cavity of the vaporizer main

body 2, i | td ing the kind of th
ody "E‘Lencl %&ﬁ%@ﬂﬁﬁ%& Gcfr‘;a%%%revﬁrdfn dHE Bt cli@ngi ng the kind o e

solid sanp lto r which the 1on source vaporizer 1 could

not be enpl Oye%;cc'o'}lﬂtigggéj,”‘é%”ékg@aigﬁ‘ﬁ’?§§:&rakg%e§°l&hgi%ggﬁfﬁg% Bnls

filled I'n the cruci that "rs-detach y 1nsert I'on source
vapori zer, Lok etorS (B dPy SRl €)% PIEPART AN L NE STHELR! €550 18
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 consequently 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 vaporizer 1 can be decreased rapidly. Consequently, when the

10



changing the kind of the solid sanple 31 to be filled, whereby the ion
source vaporizer 1 can be imedi ately enployed. 25 Further, if the nmateri al
of t'he nozzle 10 and the crucible 11 50 is graphite, the follow ng effect
can be obtained. In the use of the ion source vaporizer |, the crucible 50
is filled with the solid sanple at roomtenperature, and engaged with the
nozzl e 10. Then, the crucible 50 engaged with 5 the nozzle 10 is | oaded
into the vaporizer main body 2. The vaporizer main body 2 is heated to
sever al boddidesandégrEes scenthapaerd ttdievapopezetulte abltihg sanpieuBde
Thereafter, the vaporizer main body 2 is cool ed bel ow roomtenperature, the
cruci bl evapand ztehre 1nozzl e 1de @r €2 se ngayed] v andh er etew tsiod ithdduglappt e i s
filled within the crucible 5. However, if the nozzle 10 and the crucible 50

are nmadec@f e ORdnNalyp @t 84t Soh adpaStaaivd ess sitreateadd®y may behe
heat - damaged at an engagenent portion, so that they can not be reused. On

the ot her hgpda thi ret&‘éﬂt%ﬁlﬁ@gfl@?o@@ﬁ@'dr@lcﬂﬂéﬂgﬁ% Bﬁcﬂﬁﬁrovsé’dthat
they 15 can be reuse many times dition, other materials (e.qg.,

cerang csg E;%%.t ES&??EFEE;@{% TRYDE, subst L U € t%}? %ﬁ?{féﬁuréo far as

they are ¢ nlcal Pe servi ce t enper nozz| e 10 and

th | e 50 t d.th d Ly, d b d
W thout  KEaS a%%%‘le% & temlgé”?.*%fr’%gmeﬁaé#i fior face 24 Thal i,

f f.th I f nb d d 12
of ‘the nG22PEaRh Ly OBe ERBARO AP ROTORDRCACE . T GLTRAL Wb Bere 2 g -‘Iégnmay

be provided between the fixing nenber inner face 24 and the vapor guide
portion Z2oto measure the temperature Consequently, a difference in

temperature between the temperature measuring device 32 and

10 the crucible 50 can 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 Conventicnally, 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 6 is filled 1n 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

11



25 The heat fromthe arc chanber 40 is likely to be transferred 12 to the
collar portion 11 of the nozzle 10, rather than via the nozzle fixing
menber 20 to the vaporizer main body 2. Consequently, the tenperature of
the collar portion 11 is higher than conventionally, whereby the
recrystallization on the 5 collar portion 11, or the clogging of the nozzle
20 in the ion source vaporizer 1 can be prevented. In this exanple, the
nozzl e fixing menber 20 is egﬁjoyed as the pressing unit, but instead, a

spring mey B& FrEPRdE® bdthifed? Lty &% SdH&fTercaid PR telvrér nain body 2

to press 10 the nozzle bottom 11 agai nst the cavity bottom of the vaporizer
mai n body 2 by Inh&hgsesefod theiken fereece IvaRrati¢tel , ttHee iwricdutee
vaporizer 1 is attached on the arc chanmber 40 in such a condition that the
i on sour 6@ uapdiilded Wwiitd itheheoilzohtsaimpdesiatti om.omAdort re yr e wheend t he 15
ion source vaporizer 1 having the solid sanple 31 -filled in a standing
state i s ealgzaciedith tHenare leheberrddy, the @ohddosarful endigeaywben spilt
out of the nozzle 10 because the ion source vaporizer 1 is turned sideways

To prevert nidhiz3 «salo d ssamRlee BLinfiommReingpRidds fden add@rz porgéon 11
may conprise 20 a labyrinth structure. In this exanple, a sheath heater is

enpl oyed asthe d1eateh 3QdyHoMeLehe e 485 slhics Sheatty heat &legtdi s

invention may enploy a |lanp heater or a |aser-type heater. [Exanples] 25 In

a Bernas _tLypeg gir%f&es%%r Q/%p(o%ricz LR 14Q) s a?npqcév\%elr. WRereart er, 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.qg.,
ceramics, heat resistantmetals) 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-damage.

20 Also, afixingmember inner face 24 that isan 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 arcchamber 40 islikely tobe transierred

12



antinony having a grain dianeter of about 100 to 300~~m was used as the
solid sanple 31 to produce an anopunt of vapor. Using the ion source
vaporizer 1 of this invention as shown in Fig. 1, the vaporizer tenperature
(tenperature measuring device 32) 5 was set at 520C, and an antinony 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

| ength of 4nm and_two and half ridges, and the gap 23 between the fixing
menber i FReFREacel Dar ARF LI vdp8E guf P okt ildh F2LheDfRen1Bighee
continuous operation was perfornmed for 48 hours, for which there was no
phenomendrztzi® fheibdafieheent Wasodeheade@®oriey ofaddur bedvapbri zer 1
was over haul ed and i nspected after 48 hours, in which no recrystallization
of anti meoyseasiesddry, anlysienpeira tiilre mbzaleecdl al Hodt itcmel btilseridlaend, usi ng
t he conventional ion source vaporizer 1 as shown in Fig. 2, an antinony
beam was tthsawtcamngeit idres Saye ebadebiyorthe dderpeasitiveenbnwas ditastical ly
decreased in thirty mnutes. In the neanwhile, the beam current coul d not

be memsuied.] s@vgphaubhnyl pngk ithePetbiyganbheri Be SMH L 20 YaPOhbzRgn 1, it
was found that recrystallized antinony sticking near the collar portion 11

of the nQgzle 1@ty es! asednt bR YaReler@dde portion 12. This invention as
descri bed above has the following effects. 25 Wth this invention, the

crucible for f&k'%ﬁgsték%ﬁﬂﬁé,dtﬁé 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 scurce 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 out 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

13



sanple is provided within the cavity of the vaporizer main body, the nozzle
and the cruci bl e being engaged with each other, whereby the thernal

resi stance fromthe crucible to the nozzle can be reduced, so that the
nozzl e and the crucible can be nade 5 at the al nost same tenperature.
Accordingly, a part of the nozzle, especially, the collar portion of the
nozzl e where the tenperature is likely to be | ower can be made at the
tenperature al nost equal to the vapor tenperature, whereby the

r ecr yst aleMtZgorohhav ipgpparer nt AéaBREgEi g 26O Uthé 0Rok2 130 Gamwae weed
prevented. In addition, the unit pressing the crucible bottom against the
cavity bétst dfcofsotlid vagorliezerl e PUSSIES fpraghd weld, o neardy. theltéer mal
resi stance of the bottom portion of the crucible and the bottom portion of
t he cavi ttheofiohheovapervaeerhaen body thd scanviea trieduesdshAwnoidi Rghy, the
vapori zer can be subjected to quick heating or quick cooling, and the

t enper at Ur,etcontapaldiadsd teypoetatheecuenid ea tane e d sriouedevie 32at i s
claimed is: 1. An ion source vaporizer conprising: a hollow vaporizer min

body Havipag S8 QResy 7 PR INAN 81 REAY Ye dPta 8 \BRASR LN LR a8 S S| €
Wi thin said 5 vaporizer main body; a nozzle for feeding a vapor produced

W LRI D saldsyaper | 46) (B0 LB A §hATRELLaBgBRUEL S {08 1 111 N0

said soli e, the crucible being disposed wt cavity of sai

vapori zeg, 7Rinpedy A99-12 Pei g aaaged Wil S HaB022LBre 8% ength

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 1 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 vaporizerl, 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 following
effects.

25 With this invention, the crucible for filling the solid

14



a pressing unit for pressing said crucible against said vaporizer main
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, and a
bottom part of said crucible is pressed against a bottom of the cavity of
sai d vaporizer main body by said pressing unit. 20 3. The ion source

vapori zer according to claiml, wherein said pressing unit has a

cylindrical npber havi nner face, and outer face, the inner face
o s sredenns brte SB SR St GETL B O B S FE R A nozal e,
and the outer face of said pressing unit is partly e ged mnth 25 an upper
i nner fad®eonogal® \Epbrierchf P bvdyeing enﬂag?ﬁevﬁgﬁl Yapori zer
according to claim1l, wherein said crucible is nade fron1graph|te 5 5. The

i on sour ederapar tlzertka%Udeir@gSitScta@IC@i A oM Wheraiur Sal el tsozhkendzzhade from
graphite. Ir .Ar. A A A Ar. Au. A A Au. A Ar. AN. A. A A . A AF;

RQVT$ei %da{qv]qé g o] calocahea] toed @@]Z(Zd]eca]ldatha]cua.]cczﬂb@]daan] balmadiea) ca] ca
] ca] ca] c”a] ca] ca] ca]ca]ca] ca]c”alca]cal cRaJcRa!l[ [

5 atthealmost same temperature. Accordingly, apart of thenozzle,
especially, the collar portion of the nozzle where 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, theunitpressing thecruciblebottomagainst
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
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