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THE I NVENTION Field of the Invention The present invention relates to a
vaporizer, and nore particularly, to a vaporizer and delivery 10 system

havi ng nul ti pl é"%‘?i‘@ﬁgﬁ’t ed welI's to provide increased surfadeTarsess7bar

vapori zation of liquids and solid materials, e.g., liquid and solid source
reagents used in ion inplantation and chem cal vapor deposition processes.
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i npl antati on has becone a standard accepted technol ogy utilized by the

sem conductor industry for inpurity doping of workpieces such as silicon
wafers that sre used in integpaickGREUNS ORTHE BovmeRbnonal i on inplantation

systens include an ion source In I'ch a dopan el enent is ionized and

t hen subsequently accelerated to forman ion beamdirected at a workpiece
surface for inplicdbshe Imventiblle dopant source material may be supplied as a
liquid 25 or a solid, depending on its chem cal and physical properties.
When a solid dopant material is wused, it is generally placed within a
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(As). Solid i oBheafiddl afor WoSitidrrockesdr €atly preferred for safety reasons,
however, solid sem conductor dopants have presented serious technical and
operating problens. For instance, utilization of a solid
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In the fabrication of integrated circuits, a number of processes have been established that

require the application of jon beams onto semiconductor wafers., These processes include ion

implantation, ion beam milling and reactive ion etching.

20 Ion implantation has become a standard accepted technology utilized by the semiconductor

industry for impurity doping of workpicces such as silicon wafers that are used in integrated
c\,} circuits. Conventional ion implantation systerms include an ion source in which a dopant
element is ionized and then subsequently accelerated to form an ion beam directed at a

workpiece surface for implantation. The dopant source material may be supplied as a liquid

25  orasolid, depending on its chemical and physical properties. When a solid dopant material is

used, it is generally placed within .a vaporizer to be heated and the subsequently formed

vapors are transported into the interior of the ion source for ionization.

Typical source materials used for fabrication of integrated circuits include boron (B),
30  phosphorous (P), gallium (Ga), indium (In), antimony (Sb), and arsenic (As). Solid ion

- source material is greatly preferred for safety reasons, however, solid semiconductor dopants

have presented serious technical and operating problems. For instance, utilization of a solid




clauses,extended down tinme of the process tool, poor product qqu;gﬁ/ms
deposit buildup within the vaporizer and ion source. Prior art vaporizer
systens have nunerous di sadvant ages, including buildup of condensed 5
material w thi AW &@saepori zers, and formati on of "cold spotg'rosidsg t he

I nterior of the vaporizers due to |lack of uniformheating therein. The

bui | dup of unwanted deposits is exacerbated in vaporizer systens that
require inter nalprepmsok mgrersdlirf @p@izer cises extaldyd dbgrnt;iniadfmé prdéxks tdlFloBr PEERILIOT

wel | s of sour ce e T ternal nec i ntroduce additional
"col d spots" ‘{g;ﬁﬁ% {nﬁgép\?gb%??u (ﬁlgungﬂr;]d’a%o“zeraﬁ‘ﬁg? S urt her deposition of
vaporized 10 rraterl al . Additionally, due to the buildup of deposits on
internal novi ngPﬁ@%H%ﬂJm’syst%q{a%ﬁmm%g dntsznﬁ%?a saBtgfuduZle[)ﬁQildl 3 of c:(:)otnd ef f i ci ent
or reliable. The shortcom ngs 7ers @ espemally
noti ceabl e wft hmateal d"“é@dﬁ%éamﬂ%e@r Pt @ﬂﬂfﬁlav 0& eold amsén'aﬂlmriée drtaxivr bf e and
have a | ow vVapovapsiz8s ué & ladisSunitbim hétqu &Eﬂeﬁu"f’hetbgll&ﬁg%?%h dﬁteﬁ Shdisat a
controlled rate such that a reproducible flow of rized solid precursor
can be del i ver eF*¥BaE db iRtz atstons ek sessire |’E¥PF""§yI§?Véfm Bifages fere seyolvins | .
D](cacabor anedl s andivighl yiaRiani agROSsoaRk inthtesiall Q’ﬁesm{tﬁﬁﬂ %eoﬁaﬁﬁmpg{uﬁa&hcgom ng
of sem conduct or S upon i onization the copgpound can

provi de a nol ecd "é?nafl ﬁldé%oﬁst & "ﬁﬁnr%e RG2S RO e dPFe e deRORH08 G, FaperAed
e‘sgem al |y Hui treeriflor Atditdpinaltjp dad toomhe eﬁieiug)ofldemkx&n&n iafeaﬁeﬁ:Sﬁﬁg Zidchaisieh, t O

create shal |l ow |
i mpl ant ten ohééﬂf&% ﬁg&gsgsg%%g&?lsqm{r%ﬂ% £ rePngeur ér'? mﬁ%’"'&%fnoqg&r%‘ﬁfﬁrbm c
boron ion beam"anﬂlﬁmm eSP@@ﬁlampahIe with sold shwve vapls tpr e emperatanadensmve

thermal |y senshid ¥Ge a @dvdpbiUnessurd 2RNK '1F§tdkfﬂgxlﬂ§%aﬂ§§£e abs%gél at a con%oll%t'il??eSSf ul

in the prior art vaporizers. Decaborane ten
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Accordingly, there is need in the art for a vaporizer systemthat
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conconmitant di sgqmgnt ages of the RLd Or art, such as thermal
es, sm e upon ionization the compound’ can provide a molecular ion containing ten

boron atoms. Such a source is especially suited for high dose/low energy implant processes
20 used to create shallow junctions because a molecular decaborane ion beam can implant ten

times the boron dose per unit of current as can a monotonic boron ion beam.

However, decaborane has a low vapor pressure and is thermally sensitive, and thus,
vaporization has not been fully successful in the prior art vaporizers. Decaborane tends to
25 condense in “cold spots” and thermally decompose within the prior art vaporizers thereby
causing a buildup of deposits on intermnal moving mechanisms and/or 2 reduced flow of

deliverable decaborane vapor to the ion source chamber. -

Accordingly, there is need in the art for a vaporizer system that efficiently vaporizes solid and
30 liquid chemical sources without concomitant disadvantages of the prior art, such as thermal
disassociation of the source material, inoperability of internal moving parts or surfaces due to

deposit buildup within the vaporizer, condensation of low vapor pressure compounds due to
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The system and method of the invention provide uniform heating within the vaporizer system,

reduced condensation of vaporized solid precursors having low vapor pressures, and
minimize “cold spots™ within the vaporizer, thereby enabling a continuous flow of vapor to a
downstream deposition system.

15
In one aspect, the invention relates to a vaporizer having no intemal moving or rotating

surfaces, which as a consequence provides uniform heating of source material for

vaporization.

20 In another aspect, the invention relates to a method of vaporizing and delivering a continuous
flow of vaporized source material by simultaneously heating a multiplicity of elongated wells

») to provide an increased amount and flow of vaporized material.

Yet another aspect of the present invention relates to a vaporizer system that provides a

25 continuous flow of vapor to an ion source including a Freeman and Bernas type apparatus.

Still another aspect of the present invention relates to introducing a source material for
vaporization without the necessity of using an internal mechanism for mechanically rupturing
a source material vial.

30
In accordance with one aspect of the present invention, there is provided a vaporizer

comprising a thermally conductive block having a multiplicity of elongated wells formed
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15  surface area for contacting source material, to produced correspondingly increased amounts of

vaporized source material.

In another aspect, the invention relates to a method for vaporizing a source material
comprising the steps of:

20 introducing a source material into a multiplicity of elongated wells in a

thermally conductive block, the multiplicity of elongated wells communicatively

connected to an interior space within the thermally conductive block for accumulation

of vaporized source material;
sealing the thermally conductive block to form a sealed vaporizer and/or a
25 vacuum within the multiplicity of wells and interior space; _
applying heat to the thermally conductive block to heat the elongated wells
simultaneously and vaporize the source material therein; and
delivering the vaporized source material fo a2 communicatively connected
deposition system.
30

Other aspects, features and embodiments of the present invention will be more fully apparent

from the ensuing disclosure and appended claims.
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PCTI US02/ 37381 Figure 1 is side-elevational view of a vaporizer in
accordance with one enbodi nent of the present invention. 5 Figure 2 is a
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Figure 4 is a wiring diagram for heating elements and controlling device in accordance with

an illustrative embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED
15 EMBODIMENTS THEREOF

The present invention is based on the observation that certain source materials used in
vaporizer systems are not adequately vaporized in sufficient quantities to provide a
continuous flow of vapors to a downstream deposition system, due to “cold spots” within the

20 vaporizer that cause condensation of vapors therein.

) _ A vaporizer in accordance with one embodiment of the present invention and illustrated in
Figure 1 overcomes the deficiencies of prior art vaporizers. A thermally conductive block 14,
fabricated of a suitable heat-conducting material, such as for example silver, silver alloys,

25  copper, copper alloys, aluminum, aluminum alloys, lead, nickel clad, stainless steel, graphite

and/or ceramic material, has a multiplicity of elongated wells 12 bored therein. A source

‘'material 16 is introduced into the elongated wells for direct contact with interior side walls of

the clongated wells.

30 The thermally conductive block 14 further comprises an interior void space 18

communicatively connected to the elongated wells 12, The conductive block is heated by

heating means 20 positioned on the outer surface of the conductive block to supply a
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Figure 1 overcones the deficiencies of prior art vaporizers. A therna
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t o ensure cont iompesrefcpnimllato mapacgatdy téliver appropriategnmens ienphdd dlewresigsat i on or
deﬁom tion gf vaporized materials therein. Additionally the delivery
systemw || utilize a heated mass flow or pressure controller to nore
accuratel y del iThethempally epndiciiveblprkodedefinide irderide Heafl Ispaee Hhard slongaled Twedls 12
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el ongated wells 12 therein, is forne sul tabl'e conductive materi al,
and pref er abl y 2REIEr iconpeihecaupenh thedrighrthommah copduskiii of thess ansiplse THe intesier hi gh
t her mal COﬂdUChéa\i'sbééeQﬁ if BRsOulBE 8¢ Block S dlRbE ! tﬁé boril§2k tBPAGR B whi, bor ed

out of the lgl oi; gdltlon to the borings of the elot%ated wells.,
referably, e miterior volume of the conductive block is in a range of from about 120 cm” to

about 200 ¢m’, and more preferably is in a range of from about 140 cm® fo about 170 cm’.
The internal volume of the conductive block is bifurcated into the interior void space and
elongated wells, and preferably the internal volume of the wells is about % to about ¥ of the
internal volume of the conductive block. In one illustrative embodiment, the internal volume
20 of the conductive block is about 160 cm® and the combined internal volume of the elongated

wells is about 60 cm®.

The ¢longated wells 12 may have any suitable geometric configuration, and preferably have a
generally cylindrical configuration as shown in Figures 2 and 3. The elongated wells are
25 spaced sufficiently apart in the conductive block to provide an adequate amount of conductive
material between the sidewalls of the wells to ensure uniform heating in all the elongated
wells. Preferably, the internal diameter of the wells is in a range of from about 3 mm to
about 8 mm, and more preferably is in a range of from about 4 mm to about 6 mm. The

multiplicity of elongated wells dramatically increases the surface area for contact with the

30 source material, and therefore more source material is vaporized per unit time.
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A solid used as a source material is vaporized through a process of sublimation, effected by
heating the walls of the conductive block. The process of sublimation entails the
transformation of a solid, e.g., decaborane, from a solid state to a vapor state without entering
20 an intermediate liquid state. The present invention is effective for use with any suitable solid
_ source material, e.g., solid materials characterized by sublimation temperatures in a range of
' j between about 20°C to about 150°C and having a vapor pressure in 2 range of from about 102

Torr to about 10° Torr.

25  Temperature is controlled within the vaporizer by any heat regulating system including,
without limitation, strip heaters, radiant heaters, circulating fluid heaters, resistant heating
systems, inductive heating systems, etc., constructed and arranged for controlled temperature

operation,

30 In one preferred embodiment, at least one resistor 20, and preferably at least four resistors -

(resistive heating elements), are positioned on the vertical outer surfaces of the conductive
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Ton. 25 Tenperajure hi ol.l zer n eat

{ogul ati ng. oy EIERERYAET M vePuEs A he SR o e s el e85 LB ant
heat ers, ci rculablt kngljusd the eniperatireros therveiriadr as bchiv@athe Ibst resylGtfangach dpadlfiect | ve
heati ng systemlgdum%m%teha jconstruct ed and arranged for controlled tenperature
operation n one preferred enbodi nent, at |east one resistor 20, and
prjferably at |east four resistors (reS|stive heati ng el enents), are

pogi ti oned 2006 WO
03/ 052160 BT/ u%g’e%%% o oty gl[.)llf) §§°§’8 f&gﬁ}éeﬁ'gmgﬁé b t%egéﬁgﬁsz‘g t he
encl osed nmater i‘%ﬂ"ﬂlﬁwl@iﬁwwﬂae fenving jucton or devigeprrargedifoecantictivg glawtrce afhe

entire vol ume @ thﬁﬁﬁllﬁ&ﬂﬁi}éﬁ%' Bk PR stent H&%ﬂﬁ ImayBe EI%FeﬁtaQ oW, n@tﬁmg a
positioned on shut-off valve 26 to ensure that Conduil 24 an 5

shut - of f val veHPeEatHe pfrallingdevice that ehiaigsean Jenyt lopgiatre rﬁ@mfbeegon%wblock

deposition in \tlmemaédﬁpleeu ad AWulsiaRBntRELEMREB résRRr<V2ORE kHal @ caaBsbtivdWock
dep03|t|on ystg % skilled . in the art wil] be  able to adjust the
t enper at ur & of S {f® \Fﬁf)&ﬂa "?é“red £b? SHRble (apeRre, SISt Yjihy te f"’&ﬂ“gé’é{’g*?mslﬁem fic

Figure 4,

In another embodiment, the conductive block may comprise a window positioned to
determine contents within the vaporizer. Suitable materials include transparent materials
20 having a sufficient thermal conductivity to minimize condensation and deposition of vapors
on the window including, for example, diamond, sapphire, silicon carbide, transparent

) ' ceramic materials, and the like,

The method of utilizing the vaporizer system of the present invention includes introducing a
25  source material 16 into the elongated wells 12 within the thermally conductive block 14,
Sealing lid 22 and shut off valve 26, preferably constructed as one piece, are positioned on the
top of the conductive block and preferably are sealed thereto, such as by an o-ring element
and mechanical fasteners, such as screws 23. Eleétrical resistors 20 are engaged and the
internal temperature is increased to a temperature sufficient to vaporize enclosed source -

30  material. Valve 26, having an orifice with a diameter in a range of from about 2 mm to about -

10 mm, is opened to deliver vaporized material to the deposition unit 28.




—source-miteri-at—10-Tenperature-w-thi-n-the-conductive bl oek-i-s-sehsed-by- a.—---
t'herm?coupl e 30 or thermstors, or any other suitable tenperat T%?’(F(fﬁﬁb%
j'unction or device arranged for contacting a surface of the thermally
conductive bl ock. The systemtherefore may be arranged as shown, i ncluding
a tenperat ur ewpQmbsizeh! i Ng device that obtains an input tegpgy Hgﬁlfrom
t he conductive block via thernocouple 30 and outputs a control signal to
resistors 20 so that the conductive block 15 is heated and nmmintained at a
sui tabl e t enper gfeliGent GRARACA! 1€ Hirth¥f HHkechBP with Trdrbtehcd it He AN dwng HLEH Rord- | N
anot her enbodi nent,, the conductive block may conprise a w ngow posi ti oned
to deternmne cURBFAERIE-t hin the vaporizer. Suitable materials include
transparent materials 20 having a sufficient thermal conductivity to
m ni m ze condensation and deposition of vanrs on the w ndow i ncl udi ng,
for exanple, dianond, sapphire, silic e, transparent ceramc

materials, ahd the |like. The nethod of utilizing the vaporizer system of
nt o

the present inventi includes introduci.ng a 25 source material 16 |
Lhe bl ongat ed PSR Y (bdRed Bl RaFRAFT porsbird o S E R B PSR} | ng
lid 22 and shutinvefitfony Bherspdtizer vas béaeed ablifferaorsiperatcieeshd ysricmnanifioéseizes wae e

posi tioned on tunﬁz[f):d Wwitin B sﬁJ?sfo@Oé%Hﬁétérééﬁ.e ghﬂﬁa‘f u%%atﬁ{ ﬁ&&@?&fﬁe&{;&an%?a' ed
thereto, such as by an o-ring element an nec%aqlca fasteners, such as

S .(}ne)ws 23. El eéﬂ?‘f"@ﬁ?ﬂﬂ’r@B@SﬁP@P@mﬁbﬂ%ﬂe %t@gvag’édl_nmmum Aehievibig MT@PPS are set
tesper at ur eig s (riiGk BARAall RmperdtGBNRTA nikeRatidtd L Hbest tePerdfGRPr 1 Z€ encl osed
source 30 material. Valve 26, having an orificewth a dianeter in a range
of fromabout 2 nmto about 10 nm isT&Bb#dd to deliver vaporized materi al
to the deposition uniphgs 16/ 067 2006 WO U37 052160 PCT/ US02/ 37381 The

present invention is fyrther illustrated with reference to the follow ng
specific, non- |imti RPeseadpm. Teuoegppr (C5 Flow (scom)

7 42 0.6

7 52 2.8

7 66 5.1

3 42 0.1

3 52 0.8

3 66 36

0.004 66 0.35

0.055 66 4.0

15 The foregoing results show that decaborane vaporized in accordance with the teachings of the
present invention provided a sustainable and continuous flow as the orifice size was
increased. The multiplicity of elongated wells provided an increased surface area for contact
with the source material effectively and yielded correspondingly increased amounts of
vaporized source material to the downstream deposition or implantation system.

20




Becabarmms*+ntreduced+¥+teavapguzepwnstruc ted-in accordance wisth- .
the present invention. The vaporizer was heated to different t tur
and various orifices sizes were utilized within the shut-off vi{%ééﬁdb%
determ ne optimal sustainable flow rates of decaborane to a downstream
deposition or {yaRkadiati on system The nmaxi mum achi evabl e are

set 10 forth in Table 1 (all tenperatures listed in the t%g?)gsérglggf
vapori zer tenperatures): TABLE 1 Orifice Tenperature (C) Flow (sccn).
D ameter (mm 7420.6 7522.8 7665.1 3420.1 3520.8 3663.6 0.004660. 35
0. 055664. 0 15 Thkhofigh theg Girvastiondfatibées valivayly idelbsed @e@ioriaNLfevenon | il dativa
accordance with the tea%{}ié\ s of the present invention provided a

T

sust ai nabl e and™b8HFHE, ISt ‘é{"é'bF_F‘@ egipied Fh_é'eth%?nit@dim%“ and feapuges deserived e
mul tiplicity theﬁtrﬁﬁlﬂéﬁx%%om!eh&dl?d’ﬂ}ﬁ't 6le hvadtioh, oA gﬂ@&gﬁm LG SR idn®"
e tively and yie ed a

contact wth the source materi al fec correspondi ngly
i ncreased anouring othfr embagioentz il sggrsictenrealives to dhosé of driparg ekt thearn The

deposition of i.nplantati.on system 20 9 16/06/ 2006 WO 03/ 052160

PCT/ US02/ 37381 ‘%‘P‘F’E’Bt‘fﬁﬁf‘%f%‘é i ‘i‘?\t}’é‘m"? BRSTRES cpaisigntrdhiths slapms hgrealter st @Hb her e n
with reference to illustrative

w,
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enbodi nents and features, it will be appreciated that the enbodi nents and
features described hereinabove are not intended to limt the i'i\ﬁe/'(?@595006
and that other variations, nodifications and other enbodi ments w'l

suggest thensel ves to those of ordinary skill in the art. The 5 invention
therefore is to be broadly construed, consistent wwth the clains hereafter
set forth. 10 16/06/2006 THE CLAIMS What is clainmed is: 5 1. A vapori zer
conprising: a thermally conductive bl ock conprising a top and bottom
surface and a multiplicity of non- nBEAJLAIMSgated wells fornmed therein
for placenent of a vapor source material, the multiplicity of elongated
wel I's communi catively connected to an interior space within the thermally
conduct i v@Vintdg klafmeed sccunul ati on of vapor, wherein 10 each el ongated wel |
consists of a closed end and a single opening that is in fluid

conmuni cation with the interior space; neans for applying heat to the

mul tipkicity oh@bm@ke@g@qﬁcﬁ;ml s within the thermally conductive bl ock;
a renovabl e sealing |lid positioned on the top of the thermally conductive
block is for sealihdhernelly ropdugtvg ekl rempiising| odap 2ashdbaiienp serfeqe and a
positioned in o seal | ] r gl {0 I h
2.vapori zer an%lnggjm :Ogg'? ):1 \ll}g) Ivgﬁcggﬁn%g%azggg%?érﬁl\éaﬁﬁ{%%i %ﬁgaﬁglggﬁt &h% vapor
vapori zer of csomrae thatetialt Her muliplicitys bhgloagatedtwelll comohaichgvaly oonreotwet rtolani ng '

20t enper at ur e nerated hy. t he .nmeans for | yi heat . 3..The_.vapori zer. of
claim1 contai lﬁﬁ:ﬁl&r PG ™ o‘tﬁﬁgﬁfﬂgﬁfye??%&?‘%%@g%ﬁww o pf ¥pRgr,yherein
cont aini ng sol ¢adh sviipard I tomdlsts 3P aSelbhd v ehd 2€dingdé opbing thatCRNIAMMNANY
degaborane. 6. The vaporizer of claim1 wherein at |east four el ongated

wef | s are for Re§UYhi¢agign with the interior space;
means for applying heat to the multiplicity of the elongated wells within the

thermally conductive block;
a removable sealing lid positioned on the top of the thermally conductive block
15 for sealing the thermally conductive block; and

an outlet positioned in the sealing lid for discharge of vapor formed in the

vaporizer and communicatively connected to the interior space.

2. The vaporizer of claim 1 further comprising a control mechanism for controlling
20 temperature generated by the means for applying heat.
3. The vaporizer of claim 1 containing liquid source material.
4. The vaporizer of claim 1 containing solid source material.
25
5. The vaporizer of claim 1 containing decaborane.
6. The vaporizer of claim 1 wherein at least four elongated wells are formed in the
thermally conductive block. |
30
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30t hermatly .conductive bl ock. 11 °7. +The vaporizer of ckaim| wherein the =

~heans _for applying heat to the thernmatly conductive .bl.ock conmphisSemaysnns .
| east one resistive heating element. 5 8. The vaporizer of claim]| wherein
each wall, of the thermally conductive block has at |east one resistive
heati ng el enent attached thereto. 9. The vaporizer of claim1l1l wherein the
means for controlling tenperature conprise a thernocouple. 10 10. The
vapori zer of claim6 wherein the neans for controlling tenperature are
arranged to nmaintain the block at a sufficient tenperature to vaporize the
source material. 11. The vaporizer of claiml wherein the thermally
.conductive block is fabricated of 15 alum numor an alum num alloy. 12.
The vaporizer OfheGlabrize oNIBIE@ I RvHcREn tHeahemk for ppRMIAdaY R the Qfehnmgsco@auct_ive
interior volume of about 160 cnB8 20 13. The vaporizer of claim 12 wherein
the nul tipli ci tBlodsfeoainsisgatleest apg resisivmbeatipgelsmgnt. i nteri or vol ume of about
60 cnB. 14. The vaporizer of claim| wherein the thermally conductive bl ock
is uniformy heated, thereby reducing cold spots within the el ongated

wel |'s and §.nt erThervap@éee of @dbinl b whirdil tabdvA106f e pRfhalyne ndusiOw Kleckntik af jeast
conprising the steeps of ;. introduci n% a squrce material into a nultiplicity
of el ongated wORFEsisivaRepting elemanfatiaeied heeséhduct i ve bl ock, the
multiplicity of elongated wells comunicatively connected to an interior
space within the thermally conductive block for accumul ati on of 30

vapor i zed 9sour dhe maperizeal of daich Wheheiein drcineaisofog abaidoling | temparaisé somprise a
cl osed end and 16/ 06/ 2006 a single opening that is in fluid conmunication
with the inter P65 MSPE placing a sealing 1id on the conductive bl ock and

sg?jﬂ ing the thermally conductive
| 10.  The vaporizer of claim 6 wherein the means for controlling temperature are arranged to

maintain the block at a sufficient temperature to vaporize the source material.

11.  The vaporizer of claim 1 wherein the thermally conductive block is fabricated of

15 aluminum or an aluminum alloy.

12. The vaporizer of claim 6 wherein the thermally conductive block has an interior volume

of about 160 cm®

20 13.  The vaporizer of claim 12 wherein the multiplicity of elongated wells constitute an

interior volume of about 60 cm?’.

14.  The vaporizer of claim 1 wherein the thermally conductive block is uniformly heated,

thereby reducing cold spots within the elongated wells and mterior space.

25
| 15. A method for vaporizing a source material comprising the steps of:
introducing a source material into a multiplicity of elongated wells formed in a
thermally conductive block, the multiplicity of elongated wells communicatively
connected to an interior space within the thermaily conductive block for accumulation of
30 | vaporized source material, and wherein each elongated well consists of a closed end and

12




block to forma vacuumin the nultiplicity of wells and interior space;

applying heat to the thermally conductive bl ock to simul taneousll)gmfglyztoq%
5 el ongated wel |l s and vaporize source naterial therein to form Source
materi al vapor that accunulates in the interior space; and opening an

outl et valve positioned in the sealing lid and in fluid conmunication wth
the interior space for discharge of vapor for delivering source nmateri al
vapor to a deposition system_ 10 16 The nethod of claim 15 wherein the
deposi tion systémeleomsning &t i ip flgidepmmymicatign with thejintetippsnactie gr oup
consisting of ion i : | It ! I & j -and
nmetal organi c chem g@%lﬂgrg%%drlﬁgggow& ttﬁ? %&nilaﬁﬁqvf%gﬁoc‘{%ag?eaqﬁﬁg@n%%lﬁ{égyg?ﬁ%bgﬁ
15 further conmplickingroeniacwin imbe taitipbicay of wellyand iiaterdet spycet he step  of

applying heat. 18. The .nethod. of, cl.aim.15 wherein the source material is a
aud o o solid D G s HEGRHIY P bt &1 HrLeoRY dgat e
materi al conpr eBggatcienalioiRN@porEd solfR HREM GhéinGd TbiM dourdd @Al @bor Bast
four elongated wells are forned within the thermally conductive block. 25
21. The met hod?SPmEaiEs ik ths iipderspace ped st ep of appl yi ng heat conpri ses
resistively heatin bV A : : .
claim15 wherein tgorgggirﬁgtahpgﬁ\g\f% hl)’enﬁ ??sﬁg)&{"[é é]henr %ﬁ%%%ﬁéghdg%lgt%\r}@ {F%r@@gzlnginon
mai nt ai newithitheintenpf sperefor dischryge af vaper foodelieting swir¢diatenalrepontanaepaition30
13 16/ 06/ ég%@n 23. The nethod of claim 15 wherein the thermally conductive
bl ock is fabricated of alum numor alum numalloy. 24. The nethod of claim
15 whesein the thermally conductive block is uniformy heated, 5 thereby

rreguci n | d ots, wthin the elongated wells and interior space.
\9 g f(? 'lslga methc\),ﬂ OP clz?im 15 wﬁeremgthe deposition system comprises a proce:ss unit selected

from the group consisting of ion implantation units, chemical vapor deposition units, and

metal organic chemical vapor deposition units.

15 17.  The method of claim 15 further comprising controlling temperature generated by the step

of applying heat.
18, The method of claim 15 wherein the source material is a liquid or a solid.

20 19.  The method of claim 15 wherein the source material comprises decaborane.

20. . The method of claim 15 wherein at least four elongated wells are formed within the

thermally conductive block.

25 21.  The method of claim 15 wherein the step of applying heat comprises resistively heating

the thermally conductive block.

22.  The method of claim 15 wherein temperature within the thermally conductive block is
maintained at a sufficient temperature to vaporize the source material.

3¢
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25. A vaporizing and deposition system conprising a vaporizer conprising: a
thermal Iy conductive block having a multiplicity of stati onarqugmggtz%s
wells fornmed therein for placenment of a vapor source material, the
multiplicity of elongated wells comunicatively connected to an interior
space within the thermally conductive block for accunul ati on of vapor, and
wherei n each elongated well consists of a closed end and a single opening
in fluid conmmuni cation with the interior space; means for applying heat to
the therned®ty dbpduethpd eofbtlaiek dowhergior thpethehealbbambwtl%bmﬁeﬁifabr;waﬁf@l af
renovabl e seal i -] Lk n the top of the thermally conductive

bl ock fore foﬁﬂg%glﬂﬁgggﬁéﬁt g@ﬂglly conductive bl ock; an outl et
positioned in the renovable sealing lid for discharging vaporized source

wth the Pt er 1bF mabatef Shin 1S Hedutiths Bimegl e Spisedlodh SHRTBR TR

comuniscat i on WetdbytrbdicRigldoRl spodGrithlii@ie Sk RBA QElEARl iMedor spA&. ei n the
source material directly contacts interior surfaces of elongated wells. 14

25. A vaporizing and deposition system comprising
a vaporizer comprising: a thermally conductive block having a multiplicity of
stationary elongated wells formed therein for placement of a vapor source material, the
10 multiplicity of elongated wells communicatively connected to an interior space within the
w} thermally conductive block for accumulation of vapor, and wherein each elongated well
consists of a closed end and a single opening in fluid communication with the interior
space;
means for applying heat to the thermally conductive block to vaporize the source
15 material;
a removable sealing lid positioned on the top of the thermally conductive block
fore for sealing the thermally conductive block;
an outlet positioned in the removable sealing lid for discharging vaporized source
material from the vaporizer wherein the outlet is in fluid communication with the interior
20 space; and

a deposition system joined in vapor flow communication with the outlet.

26.  The system of claim 25 wherein the source material directly contacts interior surfaces of

elongated wells.

14




