WD 03/ 052160 PCT/ US02/ 37381 VAPCRI ZER/ DELI VERY VESSEL FOR
VOLATI LE/ THERVALLY SENSI TIVE SOLID AND LI QUI D COMPOUNDS 5 BACKGROUND OF
THE | NVENW@slosHisel d of the I nvention The present inventi e@eshas®ssito a
vaporizer, and nore particularly, to a vaporizer and delivery 10 system
having nultiple elongated wells to provide increased surface area for

vapori zation of |iquids and solid naterials, e.qg., liquid and solid source
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Description of the Related Art 15 In the fabrication of integrated
circuits, a nunber of proceSQbH) ANBLLKEID €OMMOUNRSd that require the
application of ion beans onto sem conductor wafers. These processes include
ion inplantation, ion beammlling and reactive ion etching. 20 |lon

i npl antati on has becone a standard accepted technol ogy utilized by the

sem conguctor industry fopaCRGROUNIFORTHE B{vIRTKONECES such as silicon
wafers that are used in inTegrated circurts. Conventional ion inplantation
systens include an ion source in which a dopant elenent is ionized and

t hen subseg%ﬁnhuxe ggg&&{ated to forman ion beamdirected at a workpiece
surface for—rﬂtﬁfwéknﬂﬂmr The dopant source material may be supplied as a
liquid 25 or a solid, depending on its chem cal and physical properties.

Wien a soljd dopant material is used, i{ is generall | aced wWithin a
vapori zer t6° Hégeﬁblgfg’&o’éwt?s% 3 VARG @hc{ rf‘?/reipg&'f?glﬁr?y’ v a?)gafpg nay 3% éeglr‘f €Ported
into the i gseh Rivirgimilfifle eRNgROIWEIR tbProviddindadstdsurfadyy preg 8dr vaguizaton of
materials used for fabrication of integrated circuits i nclude boron (,B)

30 phosphohigiids ge)solidimpterialp ccaadiquid andisakid sourpr reageits wesAyn leapyPleaiatenadeni ¢

(As). Soli gpd,ih VaSHsiBh Slob&besi S greatly preferred for safety reasons,
however, sgfi séﬂ?%o ﬂctoﬁ%doﬁgnts have presented serious technical and

operating problens. For instance, utilization of a solid
Description of the Related Art

15
In the fabrication of integrated circuits, a number of processes have been established that
require the application of ion 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 workpieces such as silicon wafers that are used in integrated
circuits. Conventional ion implantation systems 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  ora solid, 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



WO 03/ 052160 PCT/US02/37381 precursor material in vaporizers causes
ext ended down tine of the process tool, poor product quality, and deposit
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spots" andsuchdhatalregrodnsidmfox of vitrorred woHé prseviser can be deljyster Ao p dovadicaBy
causin n internal noving nechanisns and/ or a
reducegsflo(\%oglgglpdﬂeftg(g egsst%(gcabor ane vapor to the ion source chanber.
Accordingly, there is need inthe art for a vaporizer systemthat
efficientl }Seca%g %ule 1Zseaﬁngﬁ1 (R/al?tageous solid source material for boron doping of semiconductor

substrates, since 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 internal moving mechanisms and/or a 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



30 liquid chem cal sources w thout concomtant di sadvantages of the prior
art, such as thermal disassociation of the source material, inoperability
of internalDoswsilng parts or surfaces due to deposit buil cdap/usior/Biselt he
vapori zer, condensation of |ow vapor pressure conpounds due to 2 WD

03/ 052160 PCT/ US02/37381 "cold spots” within the vaporizer, and/or

i nconsi st eRty 1 §RAP Wilhd e QafQWes bh@BMmEGRRRE {48 N8Y 36 @BRnstreard dipdirgn OF THE
| NVENTI ON The present invention relates to a vaporizer system and net hod
for vapori sistemssol id and 1iquid chem cal sources. Such system and net hod
have particular utility for sem conductor manufacturing applications. 10
The system and net hod of the invention provide uniformheating within the
vapori zer system reduced condensation of vaporized solid precursors

havi ng | ow vapor pressures, 1 DL " s" within the

vapor i zér, t her eby enabling %MQQ\?U@E'I&MIS@] or to a downstream
deposition system 15 In one aspect, the invention relates to a vapori zer
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del i vering conti nuous flow of vaporized source naterial by

si mul t aneoushyfadteratgapglicationsl t i plicity of elongated wells to provide an

i ncr eaﬁgd anount and flow of vaporized material. Yet another aspect of the
present "invention relates to a vaporizer systemthat provides a 25

cont i nuous Thd ©étef and agttiodtod thzrinveatiorspovideurifoerh iekiting wathin the naporizen dysBen,nas
type apparatus. Still another as ecﬁ, of the present invention relat gs to
i ntroduci nbedg_cegogﬁr@gns%@ep ajaperized so id precursors having low vapor pressures, an

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 internal 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



vapori zation wi thout the necessity of using an internal nechani smfor
mechani cally rupturing a source nmaterial vial. 30 In accordance wth one
aspect ofwbDlg/oprieeent i nvention, there is provided a vapomrCTarso2/8BRPri Si ng
a thermally conductive block having a nultiplicity of elongated wells
formed 3 WD 03/052160 PCT/ US02/37381 therein for placenment of a vapor
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within at F%‘é“é?tma(t f ior void space for release through an outlet that
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deposition system may include, wthout |imtation, pl asma doping system
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introducing a source material into a multiplicity of elongated wells in a
thermal 'y conductive block, the nultiplicity of elongated wells

comuni cat iV ghy enfbeMnRAL of tﬁ@ vapbrizEtt §fsteR, tBPMdhgied Ridlistdre drhecpmidrival
conductive bl ock for accunul ation

configuration and are provided in a sufficient quantity to provide corresponding additional

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 to a 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.



of vaporized source material; sealing the thermally conductive block to
forma seal ed vaporizer and/or a 25 vacuumw thin the multiplicity of

wel | s andwionB@siiee space; applying heat to the thermal |y @eomdiso2/sxssl bl ock
to heat the elongated wells sinultaneously and vaporize the source
material therein; and delivering the vaporized source material to a
comuni cati vel y connect egrigleBRSCRIPTIGY OFeMME IR OMIRGsaspects, features
and enbodi nents of the present rnvention w e nore tully apparent from
t he ensui ng di scl osure and appended clainms. 4 WO 03/ 052160 PCT/ US02/ 37381
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Figure 2 i present @pentioew of a nultiplicity of elongated wells formed in a
thermal |y conductive block in accordance with the present invention.

Fi gure 3is a perspective view of the thermally conductive block of Figure
2. 10 Fi gpfBred &3 tBp WMeW it ﬂmﬁﬁna@wff@rongmi WG fBhRdIEA ashandilE esndu@lvei ng
device in accordance with an illustrative enbodi ment of the present

i nvent i on. bIDEKTIAjapEEpianEESEid e PORERGMVEMEN] NVENTI ON AND PREFERRED 15

EMBODI MENTS THEREOF The present invention is based on the observation that
certain source materials used in vaporizer systens are not adequately
vapori zed Figuisdfif a pérgrettigpude bf the thetnmllycondudivesblock of Figure 2.

10
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 elongated 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



continuous flow of vapors to a downstream deposition system due to "cold
spots” within the 20 vaporizer that cause condensation of vapors therein.
A vapori ze@0 iBnsaeecor dance wi th one enbodi nent of the preseatr/isoygrssi on and
illustrated in Figure 1 overcones the deficiencies of prior art
vaporizers. A thermally conductive block 14, fabricated of a suitable
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el ongated wells 12 bored therein. A source material 16 is introduced into
the elongated wells for direct contact with interior side walls of the
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24, throug I'n-an open position) into a

deposi ti onoxs;teﬁsmmcﬁxﬁrquaeuoenme tdvaratehpdeliveredpnopiiate plabessrégmébléedﬂwmsed in or
deposi i\@d on a receiving substrate. Conduit 24 and shut-off valve 26 are
preferably heated to ensure continuous flow of vapors with m ninmal anount

of condensghd @emellydRRALLVE BIaclON4, dAMAg iatbr MBidEEjadd $8 bielendatedAatlistizonal |y
the delivery systemw || utilize a heated mass flow _or pressure controller

to more actgiedd dF yommad obr sphle sPndicive pgteaak and nRIRERELT IsolRPrcsiedsiTomy The
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el ongated we erein formed of a suitable conductive material,
and pr ef er bdadyspacs ¥8aisrtiocalt ad df rthmbbdd mmdditionde thobpgs € Swudangettd meds. hi gh

ther rral1 5 Copreyerztibll}\'f Itﬁy in%];'lort \bo e gﬁﬁe conduc-[l bioc 1esr1}1 9" range of from about 120 cm’ to
about 200 cm’, and more preferably is in a range of from about 140 c¢m® to 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 ¥z 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 elongated 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.



head space 18 is bored out of the block in addition to the borings of the
el ongated wells. 15 Preferably, the interior volunme of the conductive bl ock
is in a rapga/osfied rom about 120 cnB to about 200 cnB, anacmarse2/pref er ably
is in a range of fromabout 140 cnB to about 170 cnB. The internal vol une
of the conductive block is bifurcated into the interior void space and
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vapori%gd per unit tine. 6 WO 03/052160 PCT/US02/ 37381 Advantageously, the
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rotating or injection nmechanisns that present problematic deposition
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

between about 20°C to about 150°C and having a vapor pressure in a range of from about 10

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



surfaces in prior art vaporizers. 10 The source material 16 is introduced
into the elongated wells before sealing the vaporizer wth sealing lid 22.
The vaporwpas/osyist em descri bed herei n advant ageously uti | ipeadsssenBi3el as

well as liquid source materials. Preferably, the source material is a solid
i ncluding, by way of exanple, decaborane, solid salts of boron, gallium
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wi thout |igg strip heaters, radiant heaters, circulating fluid

heat er s, reS| stant afl1eati ng systens, inductive heati ng systens, etc.,
constructed and arranged for controlled terrperature operati on. 30 In one
preferred enbodi nent r,esi st ar, east
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26 to ensure that condwt 24 and shut-o val ve are mai ntained at a

t enper at ur eiattheamogaalecsand @pmutsde@omlts!gmnl toesishers @ ke thabthe conductive block

15 is heated and maintained at a suitable temperature, consistent with the wiring diagram in

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. Electrical 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.



flow line between the vaporizer and the deposition system28. One skilled
inthe art will be able to adjust the tenperature of the vaporizer to

achi eve twe mmsiico esults for each specific source materi @cT/U802/IBaper at ure
wi thin the conductive block is sensed by a thernocouple 30 or therm stors,
or any other suitable tenperature sensing junction or device arranged for
contact i ngrfe 5%&%&@‘3@%9&% I RirhbefiiiEated G darelehdtCiolth® GhllowhiRE sp¥FHc S Hon-
therefore nay be arranged as shown, including a tenperature controlling
devi ce t hatimgingzkamplen i nput tenperature fromthe conductive block via

t her nocoupl e 30 and outputs a control signal to resistors 20 so that the
conductive block 15 is heated and nmai ntained at a suitable tenperature,
consistent with the wiring di agram EKAMPORie 4. | n anot her enbodi nent, the
conductive bl ock may conprise a w ndow positioned to determ ne contents
within the vaporizer. Suitable materials include transparent materials 20
having a spbddb6iafé twak NBedRked RiisldCTdp¥ideY chRstiiLidd Th 28coz@NEE RGAt the Hrasad
deposition of vapors on the wi ndow i ncluding, for exanple, dianpnd,
sapphire, #iventiosn Thavanoaeer was hpaieshio differens dgmperaturessangd (VRHOUS onifierd siZgeWeieke.

The et hod@tzol ithlr?th Ghul Bt VARER dckhin phial liahiie RE@ RN of dbRAEHAOD
i ncl udes introducing a source nateri 16 Into the elongated wells 12
Wi t hi n t heatibvenstredrh depositidn ot impdantdtion Rysten. Tlggndximymlathievabledlow ratasiare odtf

of 1 he {Rondieer Jabi GRCRRG e P PEinEubls e ap Bl RAPLEA™Ec as by an’

o-ring elenent and nechanical fastemaABLE $such as screws 23. El ectrical
resistors 20 are engaged—and-the—-ptorpal—taorperatte is increased to a
t enperat ure sufficPefee to vaporize encl osed source 30 material. Valve 26,

having an orifice W;{het Aret R okfinde gerRfw sk about 2 nmto about
10 mm is opened tol e iav r j\;ﬂziporip'ged ngt%grial t(fQS mthe deposition unit 28. 8
WO 03/ 052160 PCT/ UB02/ 37381 THE present inv@tion is further illustrated

with reference to Ilhe foll ow ngszspeci fic, nopg-

7 66 5.1
3 42 0.1
3 52 0.8
3 66 3.6
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



limting exanple. EXAMPLE 1 5 Decaborane was introduced into a vaporizer
constructed in accordance with the present invention. The vaporizer was
heat ed t owdimBherient tenperatures and various orifices sizesmesoz373atilized
within the shut-off valve to determ ne optimal sustainable flow rates of
decaborane to a downstream deposition or inplantation system The nmaxi num
achievable flow rates are set 10 forth in Table 1 (all tenperatures |listed
in the tabhghaigh tiapivend@r hiscbgearatioushs fliscldseBlierein wiihi fefeeencit@ ithtseativemm)
Tenperature (C) Flow (sccm 7 42 0.6 7 52 2.8 7 66 5.1 3 42 0.1 3 52
0.8 3 66 embodipergpandsiatresst will lg3ppregatad thatithe prbodiperigeidfgaties dgsedbed how

that d b i d i d ith the t hin ft ) t
vent | on PrOURAYR o5 10 SeTdRART BGE GORRio SR ke Jetes, g el s
was I ncregse herT&&JM%A%hf F]Jggﬁmheﬁlsao&%emow# S glgvskﬁneﬁll ﬁ;}@ altncfrgased

surface area Tor contac e source material e ctive and yi el ded

cor r espendiRBA6nitRESBRIEH RBRsHTyToftrued] JDMAstehE With GélclmiRdredfieddet fotht he
downst ream deposition or inplantation system 20 9

10



WO 03/ 052160 PCT/ US02/37381 Although the invention has been variously

di scl osed herein with reference to illustrative enbodinents and features,
it wll bwoappsred ated that the enbodi ments and features desarSobessi

her ei nabove are not intended to limt the invention, and that other

vari ations, nodifications and other enbodinents w |l suggest thenselves to
those of ordinary skill in the art. The 5 invention therefore is to be
broadl y construed, consistent w th THEGIAHMS hereafter set forth. 10 WO
03/ 052160 PCT/ US02/ 37381 THE CLAIMsS What is claimed is: 5 1. A vapori zer
conprising; a thermally conductive block having a multiplicity of

non- novi ng%@éﬂl@éd—g\el | s fornmed therein for placenent of a vapor source
material, the multiplicity of elongated wells comunicatively connected to
an interior space within the thermally conductive block for accunul ation
of vapof; 10 nmeAnapdriser @pPK§ingg heat to the nul ti pI icity of the el ongated
wells within the t

thermal |y conducti nge%?i?rl Lly 3k ghl\%nm%%tlyvtg%raorrn a%ne(’%o \J\}ap?)lﬁ) f)eéimad in
t he vapori zer. \&aISZforrirdnbth:pofqrz;éaceméntaifaa vapbr fswrcmmateodrrﬁrel Isulngluatycqfnt r ol

mechani sm for cgntrolli er at ated by the mea far Iy|ng
heat. 3. The va ‘%%I}%afgrwe@? C%’flg‘n&cszwg CPQ%HP O P H 19T § RGeS mmat %&l 51%8'

The vapori zer chonﬁlllo&lllvﬂblbclﬁiﬁiﬂ'&zétiuﬁiungorsoﬂ\laﬁoxsOurCe materlal 5. The
vapor i zer of claim 1 containing decaborane 6. .The va or| zer 6% cl.ai rpy;l

wherei n0at | east fouReass S RPR et the Buliliciy Pl the IRreatesiowellsayithin

conductive bl oClfermally conductive block;
means for sealing the thermally conductive block; and

an outlet for discharge of vapor formed in the vaporizer.

15 2. The vaporizer of claim 1 further comprising a control mechanism for controlling

temperature generated by the means for applying heat.

3. The vaporizer of claim 1 containing liquid source material.
20 4. The vaporizer of claim | containing solid source material. '

5. The vaporizer of claim 1 containing decaborane

6. The vaporizer of claim 1 wherein at least four elongated wells are formed in the
25 thermally conductive block.

7. The vaporizer of claim 1 wherein the means for applying heat to the thermally

conductive block comprise at least one resistive heating element.

30 8. The vaporizer of claim 1 wherein each wall of the thermally conductive block has at

least one resistive heating element attached thereto.

11



7. The vaporizer of claim1l wherein the neans for applying heat to the
thermally conductive bl ock conprise at | east one resistive heating

el enent. WO B/5dike vaporizer of claim1l wherein each wal | poff/uso3t3eer nal |y
conductive block has at |east one resistive heating el enent attached
thereto. 11 WD 03/052160 PCT/ US02/37381 9. The vaporizer of claiml
wherein thg meafg \fa(ﬁBnié?m‘ Elnh i1 Nehet SRR AaHS %r%ﬂ@allns%eteﬂapexta&% Eqfstisplae.  10.
The vaporizer of claim6 wherein the neans for controlling tenperature are
arranged 5 to thermecedple.-t he bl ock at a sufficient tenperature to vaporize
the source material. 11. The vaporizer of claim1l wherein the thermally
conductive block is fabricated of alum numor an alum numalloy. 10 12.
The vapori r@r ofheclaportiaed ofitleitreé whetem thhmemlfbycantmhﬁmgttdnmralmroatc dnasgedn
interior volune of about 160 c 13. .The i zer. Q erein the
mul £1pl Foi by ofoamEAEP B § STt (TR \hokr s SVBFARCTBl about 60
cnB. 15 14. The vaporizer of claiml wherein the thermally conductive bl ock
is uniformy heated, thereby reducing_ cold spots within the el ongated

vel I's and ilﬁt er Ther vapgraes of 1olimal ybessigthe Jheripa pprﬁuﬁ@veablg%}sc%bw?egrqu
conprising the cing a source material into a

mul tiplicity ofﬁﬁ]ﬁfgﬁgg{rgggﬁm W?Q?ned ina thermally conductive bl ock,
the multiplicity of elongated wells comunicatively connected to an

interi S i thin.the Y k..fo of
vapor i géd Egurc “matPer el Cq Ya |‘¥1ﬁgérefrhe t%érrmr?gllylcog@gﬁvué O?E/g’g%}i %&?(% form
a vacuumin thevdmhébipibb@ulmcmf 25 wel |l s and |nteri or space;

13.  The vaporizer of claim 12 wherein the multiplicity of elongated wells constitute an
interior volume of about 60 cm”.
15
14.  The vaporizer of claim 1 wherein the thermally conductive block is uniformly heated,

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

15. A method for vaporizing a source material comprising the steps of:

20 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 thermally conductive block for accumulation
of vaporized source material ;

sealing the thermally conductive block to form a vacuum in the multiplicity of
25 wells and interior space;
applying heat to the thermally conductive block to simultaneously heat the
elongated wells and vaporize source material therein to form source material vapor;
and
delivering source material vapor to a deposition system.

30

12



applying heat to the thermally conductive block to sinmultaneously heat the
el ongated wel |l s and vaporize source material therein to form source

mat eri al wapoens2i6@and del i vering source material vapor to ®Cdasd%B138DN
system 30 12 WD 03/052160 PCT/US02/37381 16 The nethod of claim 15
wherein the deposition system conprises a process unit selected fromthe
group consi@ti NpheOfnethOd off MR N5 Whé&Ein URé WSposRIdR NHystath dbaRpHEes ﬁgi%@slstdnan
units, and metal organic chemi cal vapor deposition units. 5 17. The nethod
of claim 15 fursleeted ciomr thei gFgur cARSIBINE| ofy iane ipplaripiiore ugish ethgmicg] Bgrarhe

step of applyin . : ] i.-n the source

material is a I¥3§§%&8P$§J?§P?3E&&%@gTg%ngﬂghﬁ%gﬁgﬁmg§ﬁ@ aim 15 wherein the

source material conprises decaborane. 20. The nmethod of claim 15 wherein at

| east four. el ongate I .ar ornmed wi.t.hin the. thermally conductive

bl ock. 35 b5, - THE et SR Rk e fotin ERPE sy Bk

conpri ses resi sddpvsla mymga&&ng the thermally conductive bl ock. 22. The

nmet hod of claim 15 erein tenperature within the thermally conductive

block is maintained at a sufficient tenperature to vaporize the source

material. 28 23rpehhGniEsf N a5 v@lkélnmaé@uy@a%aeédlallisfamqmecrrmw conductive
oy.

block is fabricated of alum num or al um num a 24. The nethod of claim
15 wherein the thermally conductive block is uniformy heated, 25 thereby

reducing cef d f@%ﬂﬁetﬁ@&&%ﬂi&xﬁ?ﬁ&%&gﬁé ErWhdrFiaP O el Sk floramRaCE- 25. A
€ ysS I'sing

vapori zi ng an position s em conpr

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

thermally conductive block.

15 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.
20
23. The method of claim 15 wherein the thermally conductive block is fabricated of

aluminum or aluminum alloy.

24.  The method of claim 15 wherein the thermally conductive block is uniformly heated,

25 thereby reducing cold spots within the elongated wells and interior space.

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,
30 the multiplicity of elongated wells communicatively connected to an interior space

within the thermally conductive block for accumulation of vapor;

13



a vaporizer conprising: a thermally conductive block having a nultiplicity
of stationary elongated wells fornmed therein for placenent of a vapor
sour ce mewermsmb2160 30 the nultiplicity of el ongated wells ®ommusnz/sasi vel y
connected to an interior space wthin the thermally conductive bl ock for
accunul ati on of vapor; 13 WO 03/052160 PCT/US02/37381 neans for applying

heat to the ther mal Ly GoR]UELIME hORKmE AnRRAY ERIERS HIFQUIC GpRBEE !

means for sealing the y conductive bl ock; an outlet for discharging
vapori zed sour ceuramerdrial; from the vaporizer; and 5 a deposition system

joined in vapor flow co ni catiop Wt t..et,. 26. The system of claim
25 wherein the sour éléeaﬂian{égf‘ﬁag gth? Blgc ﬁlycé%ﬁltcggetbslgﬁkht erior surfaces of
el ongat ed wel |'s. 10 ah4utlet for discharging vaporized source material from the vaporizer; and

5 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.
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