SPECI FI CATION Liquid Material Vaporizer FlIELD OF THE ART 10001] This
invention relates to a vaporizer for vaporizing various kinds of a liquid
precursor used for, for exanple, a sem conductor manufacturing process.
BACKGROUND ART 100021 Conventionally, this kind of vaporizer has an
arrangenment wherein a gas-liquid mxture conprising a liquid precursor and
a carrier gas used for fonning a filmis discharged froma nozzle so as to
be depressurized, and then heat is applied by a heating channel arranged on

a downstream side of the nozzle .y porize the liquid precursor
(patent docunent 1). 100031 Fbmevgfﬁéig%gxpﬁquid material, that is often
used as a precursor for high-k process, of a recent sem conductor el enent

has a property of being easy tongdmmﬁﬁﬁﬁ%@Mﬁ@econposed and has | ow vapor
pressure. As a result, the followi ng problemis generated nore than ever

before. 100041 More specifically, the liquid precursor has to be at a high
t enper atRiEleD ORTOICdERT t 0 be vaporized because it has a | ow vapor pressure.
However, since the liquid precursor is easy to he thermally deconposed, if

exposed to high tenperature in order to vaporize, a .part. of - sor
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cl ogged or a particle m ght be produced. 1 [0005] Furthernore, since a
convent ifc?rn 01"6)(‘51%81 raiséﬁircozldﬁct&fme@luﬁ&t{ﬁ%g%r&%.Z| e stucture, if a nozzle is

BACKGROUND ART

10002} Conventionally, this kind of vaporizer has an arrangement wherein a gas-liquid mixture
comprising a liquid precursor and a carrier gas used for forming a film is discharged from a nozzle so as to
be depressurized, and then heat is applied by a heating channe] arranged on a downstream side of the
nozzle so as to vaporize the liquid precursor (patent document 1).

{0003} However, some liquid material, that is often used as a precursor for high-k process, of a recent
semiconductor element has a property of being easy to be thermally decomposed and has low vapor
pressure.  As aresult, the following problem is generated more than ever before.

[0004] More specifically, the liquid precursor has to be at a high temperature in order to be vaporized
because it has a low vapor pressure. However, since the liquid precursor is easy to be thermally
decomposed, if exposed to high temperature in order to vaporize, a part of the precursor is deteriorated so

astobearesidue.  Asa result, the nozzle might be clogged or a particle might be produced.



cl ogged, there would be a problemin that it becones inpossible to continue
vapori zation, and operation is halted al nost conpletely. Especially in a
sem conduct or manufacturing process, it is not preferable to halt the
operation. [0006] In considering this problem if a plurality of nozzles
are sinply arranged, the m st sprayed fromeach of the nozzles overlap
with each other to be m xed at sone position so as to generate a

difference in the concentration of the mst. Thus, there is no other choice
but for the nist to be vaporized at a tenperature adjusted for the highest
concentration. a result, thermal deconposition of the precursor is

li kely tlB0G8k catFélg]EFlmfrWP ROBYePIEl YEPpiTet e d sinelegioaie BRCHIfeifVialsBris Fer i
shown in Fig. 14. The arrangenent in Fig. 14 contains a descrlptlon of a
structurg, i I nge

corr espon \é‘@e{lﬁe%o?lﬁil% F]FJI%{)IC!EI%{D ﬁ%{ 21%%&&11 M W(SES\II ert% m%u vag Iz%lgo%t g 9 rﬁmorall |1,§ 4 t he
nozzle are dlscontlnuous and a space is forned therebetmeen Thus the sane
pr obl emhakedtdiasst cRRidON e Espbiameind dehidfleBP kAR Guing FTEJO&SQ it ik 88 JreferBREBUSE
there will be a difference in the concentration of the spray due to a
difference in a degree of overlap of the spray. Patent docunment 1: Japan
pat ent [hafl $e epsEsionunber 2003- 163168 DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO
BE SOLVED BY THE | NVENTI ON 2 10008] The present claimed invention intends

to sol V?O(ﬁ%]l of IrE Qoenm ern%g this pmlgem ifa rTfaurahty ot‘pnoz*g es %fe sgxglgly arranged, the mist sprayed

from each of the nozzles overlap with each other to be mixed at some position so as to generate a
difference in the concentration of the mist.  Thus, there is no other choice but for the mist to be vaporized
at a temperatre adjusted for the highest concentration. As a result, thermal decomposition of the
precursor is likely to be caused.

[0007] A slightly improved version of the vaporizer is shown in Fig. 14.  The arrangement in Fig.
14 contains a description of a structure wherein a plurality of heating channels are arranged to correspond
to a plurality of nozzles, however, the heating channel and the nozzle are discontinuous and a space is
formed therebetween.  Thus the same problem as that mentioned above will be generated, more or less,
because there will be a difference in the concentration of the spray due to a difference in a degree of overlap
of'the spray.
Patent document 1:  Japan patent laid-open number 2003-163168
DISCLLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION



invention is to provide a vaporizer that prevents deterioration of a
precursor while reducing a residue, reducing risk of clogging, and easily
i ncreasi ng vaporization flow. MEANS TO SOLVE THE PROBLEMS [ 0009] Mbre
specifically, the vaporizer in accordance with this invention conprises an
inlet port for introducing a precursor in a liquid phase or a gas-liquid
m xture phase, a vaporizing section for vaporizing the precursor arranged
on the downstream side of the inlet port, and an outlet port for delivering
the precursor vaporized by the vaporizing section, and is characterized in
ng section is of a flow channel %%Ee conmprising a nozzle
4l

t hat the on
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dommstrean13|de of the nozzle continuously thereto, and a plurality of
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the outlet port, eac vapor| onis drra recursor

fl ow t hrough vaporization sections are independent of each other. [0010] In
accor danedcing tidk of Hogirgl dnd RgNBOkasiigRepoprgiouAser fl ow through the plurality
of vapori zing sections fl ow i ndependently of each other; w thout

i nterference. result, the mst sprayed fromeach nozzle flows alone

in eachP@%ﬂN%Q@&@%ﬂk}ﬂﬁ%ﬂ@%@ﬂﬂﬁanneI and the mist sprayed fromdifferent

nozzles will not be mxed, so the concentration of the mst will be

gener al | i for d entra of the ms
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at a 3 Iom/tenperature with a reduced thermal dose, conpared with using a
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adj'usted for the highest concentration.

the precursor arranged on the downstream side of the inlet port, and an outlet port for delivering the
precursor vapoerized by the vaporizing section, and is characterized in that the vaporizing section is of a
flow channel type comprising a nozzle for spraying the precursor and a heating channel arranged on the
downstream side of the nozzle continuously thereto, and a plurality of vaporizing sections are arranged in
parallel between the inlet port and the outlet port, and each vaporizing section is arranged so the precursor
flow through vaporization sections are independent of each other.

[0010] In accordance with this arrangement, the precursor flow through the pharality of vaporizing
sections {low independently of cach other, without interference.  As a result, the mist sprayed from each
nozzle flows alone in each corresponding heating channel, and the mist sprayed from different nozzles will

not be mixed, so the concentration of the mist will be generally uniform. In addition, since the

concentration of the mist to be vaporized is uniforim, it is possible to more effectively vaporize the mist, at a



[0011) The inprovenent of effective vaporization of this invention can al so
be explained fi-om another point of view Mre specifically, in the case
of conparing this vaporizer having a plurality of heating channels with a
conventional vaporizer having one heating channel, if a total cross
sectional area of the nozzle(s) is equal (the same flow) for both
vapori zers, it is possible for the vaporizer having a plurality of heating
channel s to conduct vaporization effectively at a | ow tenperature since a
vapori zed amount per nozzle can be nmade smaller than that of the
conventional vaporizer; and the heat can be effectively conducted because
a cont adPW Swsranre Wit efysedthemighiase cpmBarglewisr usinga cragniony ARREREN Shpisin
large. In addition, it is possible for this invention to make each of the
mul tipl ] | s Lhi | ifference of a tenperature
distribg?gﬁﬁJigﬁgﬁggﬁg%ﬁ%ﬁ%mk%dgg?%gfé?%g%gfm?ﬁﬁgﬁm?t is possible for the
vapori zer of this invention to conduct vaporization effectively at a | ow
t enper atjoy1g} WhaheasprbRenchest didgive Rammedtiodbof Hieinv&asnY et 19N cxpRRed kgar i s
large in dianeter and so it is difficult for the heat to be conducted to a
center part thereof, and it is necessary to adjust the setting tenperature
to be hiagdhgr poist efetiet o Msee spagificathedn the cashef coramong thistviapmizerthaying a pbdlisrofpar t
of the heating channel. [00121 As a result of this, in accordance with this
invention. it is possible to.prevent a residue due t her mal . o
docompodt b kbR AE HsPbul-Bu e o Tl 6 bt Pt fa < Shiesstiand pesor
Conversely, if the tenperature is set to be the sane as that of the
convent iRRdlzyHRAgh 8o sainb 16%) BOSH PpBrifeRl it & BSsURRY thARPorREr HalhhS a piftrality
invention to flow nuch nore of the precursor than the conventlonaF
vaporizer, nanely a |arge anmount of precursor flow can be flown.

of heating channels to conduct vaporization effectively at a low temperature since a vaporized amount per

nozzle can be made smaller than that of the conventional vaporizer, and the heat can be effectively
conducted because a contact area of the fluid flowing inside of the heating channels is large.  In addition,
11 18 possible for this invention 1o make each of the multiple heating channels thin so that a difference of a
temperature distribution becomes small.  Also in tenns of this, it is possible for the vaporizer of this
invention to conduct vaporization effectively at a low temperature, whereas the heating channel of the
conventional vaporizer is large in diameter and so it is difficult for the heat to be conducted to a center part
thereof, and 1t is necessary to adjust the setting temperature to be high in order to be tailored to the
vaporization at the center part of the heating channel.

[0012] As aresult of this, in accordance with this invention, it is possible to prevent a residue due to
thermal decomposition of the precursor and to prevent clogging of the nozzle.  Conversely, if the

temperature is set fo be the same as that of the conventional vaporizer, it is possible for the vaporizer of this



100131 Furthernore, even if one nozzle is clogged, precursor can flow from
anot her nozzle, so it is possible to reduce a risk that the operation is
conpletely halted. [0014] In order to sinplify a heating structure or a

fl ow channel structure of the vaporizing section and to nmake it possible
to apply the heat effectively, it is preferable to provide a single first
bl ock body (hereinafter referred to as a comon bl ock body) where each of
t he vaporizing sections is forned, and to pronote vaporization in each of
t he vaporizing sections by applying the heat to the first block body.
[00151 In order to make it possible to forma flow channel to divide the
pr ecur sdveitiontn Bdyempel rmere pbihe pregussos e the apoeitiona gapveetinemelye dasceamunipl | t
is preferable to further provide a second bl ock body (hereinafter also
referred to as a dHyLding fl ow bl ock body) where a dividing fl ow channel
for di vPERY TREBSI¥eor  fromthe inlet port to each of the vaporizing
sections is forned, and to arrange the second bl ock body on the upstream
si de of (g1hg 7 SirhRfk cRAUbone BEERGT offucd el NVENT Db M Sher o ARC 0 dance
with this invention, vaporization can be conducted at a | ower tenperature
conpared with a conventional vaporizer so that it is possible to prevent a
r esi due pohgibletareduser nekl that the cjemmpios istcpropietdlf hallsd precursor and to prevent

cl oggi ng of the nozzle. Conversely, if the tenperature is 5 set at the
same as that of the conventional vaporizer, it is possible for the .
vapori z801%f ¢ hite! HOEHONO e PP SUCOIRSER Threape %%P‘é@%}%?%mgﬁmvy a
| ar ge amount of precursor flow can be flown. Furthernore, even if one

nozzle b 6/2MOR bosshitto RESE HeHA ARRvdY; R HERAHRACHIGHe BIAAL Fisk Block body
thereinafter referred to as a common block body) where each of the vaporizing sections is formed, and to
promote vaporization in each of the vaporizing sections by applying the heat to the first block body.
[0015} In order to make it possible to form a flow channel to divide the precursor from the inlet port
to each vaporizing scction more easily, it is preferable to further provide a second block body (hereinafter
also referred {o as a dividing flow block body) where a dividing flow channel for dividing the precursor
from the inlet port to each of the vaporizing sections is fonmed, and to arrange the second block body on
the upstream side of the first block body.
EFFECT OF THE INVENTION
[0016] In accordance with this invention, vaporization can be conducted at a lower temperature
compared with a conventional vaporizer so that it is possible to prevent a residuc due to thermal

decomposition of the precursor and to prevent clogging of the nozzle.  Conversely, if the temperatuse 1s



that it is possible to reduce a risk that the operation is conpletely
hal t ed. BRI EF DESCRI PTI ON OF THE DRAW NGS 100171 Fig. 1 is a |ongitudinal
sectional pattern diagram showing a structure of a vaporizer in accordance
wi th one enbodi rent of the present clained invention. Fig. 2 is a center

| ongi tudi nal sectional view of a first block body in accordance with this
enbodi nent. Fig. 3 is an end view of the first bl ock body in accordance
with this enbodinent. Fig. 4 is the other end view of the first bl ock body
in accordance with this enbodinent. Fig. 5 is a center |ongitudinal
sectional view of a second block body in accordance wiith this enbodi nent.
Fig. 6 i%6ahie &g ayihaw! Bie comentiona sagnbr dosoosalyior te speprgalibianygnion P APy
enbodinment. Fig. 7 is the other end view of the second bl ock body in

accor danr‘éﬁhmo c'bfp_u%éclg%?%h A a{},eaﬂ:am 1013}1&31\35’} ﬂ%gftcghb % yi ew of a princi pal

part in am of "a per ormance experi ment
syst em of the vapori zer accordance with this enbodinent. 6 Fig. 10 is

an experi nent al Fu@gthdre, &h@Wf Bt 178 isfeipRNGe pREuddi Qary AP0 b &hothdt nagfabdance
with this enbodi nent by the use of the perfornmance experinent system shown
inFig. 9. Fig. 11 is an experinental result showi ng a perfornmance of the
vapor i z &t it s pessiblstaradisea dikithat the operation is completely halted.

BRIEF DESCRIPTION OF THE DRAWINGS
10017} Fig. 1 is a longitudinal sectional pattern diagram showing a structure of a vaporizer in
accordance with one embodiment of the present claimed invention,

Fig. 2 is a center longitudinal sectional view of a first block body in accordance with this
embodiment.

Fig. 3 is an end view of the first block body in accordance with this embodiment.

Fig. 4 1s the other end view of the first block body in accordance with this embodiment.

Fig. 5 is a center longitudinal sectional view of a second block body in accordance with this
embodiment.

Fig. 6 1s an end view of the second block body in accordance with this embodiment.

Fig. 7 is the other end view of the second block body in accordance with this embodiment.

Fig. 8 is a detailed view of a principal part in Fig, 1.

Fig. 9 1s a pattern diagram of a performance experiment system of the vaporizer in

accordance with this embodiment.



this enbodi nrent by the use of the performance experinent system shown in
Fig. 9. Fig. 12 is an experinental result in the case that the vaporizer of
t he perfornmance experinment systemshown in Fig. 9 is replaced by a
conventional vaporizer having a single valve and a single flow channel.
Fig. 13 is a sinmulation result of a conparison of a tenperature
distribution of an inside of the heating channel between a conventi onal
vapori zer having a single valve and a single flow channel and the

vaporizer in accordance with this enbodinent. Fig. 14 is a general view
showi ng an exanpl e. of anot her conventional vaporizer BEST MODES OF
EMBODYI NG THE r%\BENPFP eNePoDneal rpdl sBowsisd R petarmarc pliibe yipadenn agpilpes ovith
invention will be explained with reference to draw ngs. [0019] A vapori zer
Ain ac ( i thisq.enmhodi nent constitute nart,of for exanple, a
senicongﬁéggﬁﬁﬁ%ﬁ%#2§®ﬁ%ﬁ#§%§§§n@%?%ﬁ%in%hg&ﬁlFﬁmﬁHg%gf%mﬁngs) and has a
function of providing a precursor for formng a sem conductor elenent in a
gaseous phase byighriifgh 6@H8GtLANNGhAVIMAE PAHRMMBASIIRS vabfi Ok i BQWRIaicd withe
drawi ngs). 7 (0020] Concretely, the vaporizer A conprises, as shown in Fig.
1, a vapor liquid mxing mechanism 1 that m xes the precursor (also refer
to as athi§egbodmenidy theserof theprifommanck pxpaitend biase shpwhingige@ner gas CG so  as
to produce a gas-liquid mxture G., and a vapori zi ng body nmechani sm 2 t hat

vaporizes the | h%u qus an experimental result in the case that the vaporizer of the performance experiment
system shown in Fig. 9 is replaced by a conventional vaporizer having a single valve and a single flow
channel.

Fig. 13 is a simulation result of a comparison of a temperature distribution of an inside of the
heating channel between a conventional vaporizer having a single valve and a single flow channel and the
vaporizer in accordance with this embodiment,

Fig. 14 is a general view showing an example of ancther conventional vaporizer.

BEST MODES OF EMBODYING THE INVENTION

{0018] One embodiment of the present claimed invention will be explained with reference to
drawings.
{0019} A vaporizer A in accordance with this embodiment constitutes a part of, for example, a

senticonductor manufacturing system (not shown in the drawings) and has a function of providing a
precursor for {orming a semiconductor clement in a gascous phase by being connected to a vacuum

chamber (not shown in the drawings).



precursor LM contained in the gas-liquid mxture G. so as to nmeke it in a
state of a gas phase (also referred to as a precursory gas) and then to
di scharge the precursory gas GS outside, nanely into a vacuum chanber
together with the carrier gas CG [0021] First, the vapor liquid mXxing
mechanism1l will be explained briefly. The vapor liquid m xing nmechanism1
conprises a gas-liquid m xing chanber 13, by which a liquid precursor

i ntroducing channel la and a carrier gas introduci ng channel 1b

conmmuni cate. Then, as nentioned above, the liquid precursor LMand the
carrier gas CG are mixed in this gas-liquid m xing chanber 13. Thus, a

pr oducedU02§hs- | iCgosreiclitie igp@izeA ¢ogonaads &y siosd it Rigols g Waner wid wigine mgcheRiginel
1c that is in communication with the gas |iquid m xing chanber 13. The
carrier l.on el ntr ced on nstan Si S. or y

ot edet er RagR B PR TR RAL B GGG E e e P P R BB LB eSS 1
and/ or a vaporizing section, including a nozzle 31, may be purged. [0022]
The vapeg td higicd arfaxiiqiel ABERa LS Bhdla Laobher beRmikcha®s 2 tfd oWoeRPHeAlquid
section 12, and has a function of maintaining a flow of the liquid
precursor LM at a previously determ ned constant flow anobunt. The fl ow
cont r ol pswwsirdM doptaged indee eas-iguidpixmedyl- Qo3 0gkp 61t aetpidyf 2 ghsahase alseptliarcda

di aphragm 121 with a 8 piezoelectric actuator 122 and controls an opening
degree of a valve arran at the liquid precurs i nt roduci ng channel 1la
or “the 14 g2 SUS S A e neTeeole TuBbSy Re SR SEHE PRbRIMg
body nmechanism 2 conprises an inlet port Pl for introducing the gas-Iliquid

nixtureCgkﬂmao%ﬁgpﬁﬂg%@gm§§g&kﬁp 3 arranged on the downstream side of the
inlet port P1 for

[0021] First, the vapor liquid mixing mechanism 1 will be explained briefly,. The vapor liquid
mixing mechanism 1 comprises a gas-liquid mixing chamber 13, by which a liquid precursor introducing
channel 1a and a carrier gas introducing channel 1b communicate.  Then, as mentioned above, the liquid
precursor LM and the carrier gas CG are mixed in this gas-liquid mixing chamber 13.  Thus, a produced
gas-liquid mixture GL is delivered through a delivering channel e that is in communication with the gas
hiquid mixing chamber 13. The carrier gas CG alone may be introduced on a constant basis or at a
predelermined period and a residue generating in the delivering channel ¢ and/or a vaporizing section,
including a nozzle 31, may be purged.

[6022} The vapor liquid mixing mechanism 1 further comprises a flow control section 12, and has a
function of maintaining a flow of the }iquid precursor LM at a previously determined constant flow amount.

The flow control section 12 drives a valve body 120 supported by, for example, a diaphragny 121 with a



vaporizing the liquid precursor LMcontained in the gas-liquid mxture G,
and an outlet port P2 for delivering the precursory gas CS vaporized by

t he vaporizing section 3. 10024] In this enbodi nent, as shown in Fig. 2 -
Fig. 4, and Fig. 8, a plurality (e.g., four, in this enbodinment) of

vapori zing sections 3 are arranged in parallel between the inlet port P1
and the outlet port P2, and each of the vaporizing sections 3 is arranged
so the precursor flow through vaporizing sections are independent of each
other, without interference. 100251 Each of the vaporizing sections 3 is of
a flow channel type having an identical shape, conprising a nozzle 31 for
sprayi nglepRleciic gihgorpt2e cud sertrolsvncenseiag Aeeee of a bvegraugef ghihg lgiid tieesas. and
a heating channel 32 arranged on the downstream side of the nozzle 31

cont i nUGUSlyNELEL, or A fARST, SRNLIGUS! ! means that the nozzle and

t he heating clrannel” ‘are conti nuousTy covered by a continuous inner
circunferential surface, and it neans that all of the liquid precursor LM
sprayed {e3f he nezgdiglee VeporiAnptbo@eme@ahiénnt @o@prﬁé&rah%ﬁ@g&@i’ﬂﬂ)r headicihgthe
channel 32 without mxing into other heating channels 32. In this

enbodi ment, each of the vaporizing sections 3 is formed in a single first
bl ock beayliqusanwiore Gl.ockepotyggyspetion 3ouend e trewhstean sidp otte daipott Pi &or f or
exanple, in a shape of a cylinder nade of nmetal that is superior in both
resistance t.o corrosion and thermal conductivity, and the four vapgri.zing
oot + ond rgne T 1A el LR Rl B it bt opS e e PFPE RSk
body 4 so as to penetrate the first block body 4 froman end surface 4a to
the ot hegiivene SiHdcasEy 8 GS vaporized by the vaporizing section 3.

[0024] In this embodiment, as shown in Fig. 2 - Fig. 4, and Fig. &, a plurality (e.g., four, in this
embodiment) of vaporizing sections 3 are arranged in parallel between the inlet port P1 and the outlet port
P2, and each of the vaporizing sections 3 is arranged so the precursor flow through vaporizing sections are
independent of cach other, without interference.

[0625] Each of the vaporizing sections 3 is of a flow channel type having an identical shape,
comprising a nozzle 31 for spraying the Lquid precursor LM contained in the gas-liquid mixture GL and a
heating channel 32 aranged on the downstream side of the nozzie 31 continuously thereto.  “Arranged
continuously” means that the nozzle and the heating channel are continuously covered by a continuous
inner circumferential surface, and it means that all of the liquid precursor LM sprayed by the nozzle 31 is
introduced mto a corresponding heating channel 32 without mixing into other heating channels 32. In
this embodiment, each of the vaporizing sections 3 is formed m a single first block body (common block

body) 4.



[0027] The nozzle 31 is fornmed by narrowi ng down a dianeter of the flow
channel of the vaporizing section 3. In addition, a bore or a plurality of
bores is arranged in parallel to the vaporizing section 3, and a cartridge
heater HL of a |l engthy shape to fit into the bore is inserted into the
first block body 4 alnost fromone end to the other end (refer to Fig. 1).
Wth this arrangenent, the flow channel arranged on the downstream side of
the nozzle 31 functions as the heating channel 32 to apply heat to the
fluid passing the flow channel. Merits of this arrangenent include that it
is easy to process, easi to downsize in a radial direction, possible to
appl y hd®§265uf f iTéf Bnt lgckpeduatisdon dramplarn ¢ shdippeolaeinger mpgde gbineial dhal iy spadora | nc
heat rel ease value, and possible to conduct heat efficiently because the

i d er H is buried in the . k body 4. I addition, f
ccapl e T ache R fhen {oifir TG e duP T s aont P B gl e ol

surface of the first block body 4, or a plate shaped heater may wap a side

per i phemati@ uf § ager afis of M fifst bistk Rlapakokody: c%gﬁak&@@ﬁilst lﬁbﬁkt%@ﬁﬂﬁfoﬁm ard dhgt i s

enbodi mrent, as shown inrig. 5 - Fig. 7 an ig. 8, a second block body (a
di vidi ng bl ock body) 5 for dividing the flow to each of the vapori zing

sect i onsuice 4 tpyihg pthetndsnriagretb. upst ream si de of the first bl ock body 4,
nanely, one end surface 4a of the first block body 4. 10 [0029] The second

bl ock b 5 is.jn a.cylindrical shape having a snaller diameter than that
of the ?&?ﬁ?lst bﬂh%f%”f%ﬁbls prmgd oy nagew *%fj‘@’t’nap‘B?qFCt‘?ﬁP?‘SBﬂ%d@B‘FﬁH%@E"eV&PWWE t he

delivering channel le is formed at a center part of one end surface 5a.

Then a p i QLI 1 i i )fr o] =Y P IRVAWe I ; 6
Dot ¢ areHerl | lifaddliBhia toft b Bl 7O b R o) B0 S VAL GHRABSLR

second bl ock body 5 slightly at an
a cartridge heater H1 of a lengthy shape to fit info the bore is inserted info the first block body 4 almost

{rom one end to the other end (refer to Fig. 1).  With this arrangement, the flow channe! arranged on the
downstream side of the nozzle 31 functions as the heating channel 32 to apply heat to the fluid passing the
flow channel.  Merits of this arrangement include that it is casy to process, easy to downsize in a radial
direction, possible to apply heat sufficiently because the cartridge heater H1 generally has a large heat
release value, and possible to conduct heat efficiently because the cartridge heater HI is buried in the
conumon block body 4. In addition, for example, a tubular heater may be fittingly inserted over a side
peripheral surface of the first block body 4, or a plate shaped heater may wrap a side peripheral surface of
the first block body 4.

[0028] Furthermore, in this embodiment, as shown in Fig. 5 - Fig. 7 and Fig. 8, a second block body
(a dividing biock body) 5 for dividing the flow to cach of the vaporizing sections 3 is mounted on the

upstream side of the first block body 4, namely, one end surface 4a of the first block body 4.

10



angl e. The other end opening of each dividing channel 6 is set at a
position corresponding to an end opening of each vaporizing section 3, and
the other end surface 5b of the second bl ock body 5 is nmounted on the end
surface 4a of the first block body 4 with each of the axes aligned so that
each dividing channel 6 1is in comunication with each vaporizing section 3
respectively. [0030) It is required that the first block body 4 and the
second bl ock body 5 be nade of a material that is superior in heat

resi stance and resistance to corrosion because of a property of the fluid
flowng inside the first block body 4 and the second bl ock body 5. ]0031]

I n addi t#BA] t hdhe eeaiddlask Sedy Disiya Glindsica shape haigacsnabier skasjcise hat bhgel ise end
surface 4a of the first block body 4 by being nounted on the first block
body 4, . I or. preheat | H2 is further . nount on a sid i
peripheﬁ%ﬁggﬁﬁggggégiﬁ?ﬁgi g@ﬁgg<%ﬁ5Wﬁ%§%?@%@§$W%ﬁgCﬁg%%ﬂgﬁ%ﬂ%g m6§e§a5.
The bl ock for preheating H2 is in a shape of a ring nade of, for exanple,
al um numsrt anehedntl 3NGRE 5.0 THEE @ ipktRalife@ur fil K9 ertRinfehty SF 1ixl§k|ap§i|&idfﬁ% arftc}$0 as
to preheat the gas-liquid m xture passi ng the bl ock for preheating H2.
[0032] The reason to arrange the second bl ock body 5 separately fromthe
first bipewkathboy the iilet pordll iwardbtbe athe endsurfagneSbrf tictseqohdbloglt boidy S eligbi)y stan
construct the dividing channel 6 fromthe inlet port Pl to each 11

vapori zing section 3. The dividing.blqck dy 5 and the first block bqdy 4
ray be. i gh bR 28 b i gpe RRSBE of aff b porrR g B
accordance with this arrangenent, since the m st sprayed from each nozzle

31 fl OY\@]fwe'ﬁlngB?eacﬁ DapBRGHY: £Aloh 8SRA Aliong: ARSI Elond bid& tHIS b isSREAN%Ed
fromdifferent nozzle 31 will not be m xed, so

on the end surface 4a of the first block body 4 with each of the axes aligned so that each dividing channel 6
is in communication with each vaporizing section 3 respectively.

{0030} It is required that the first block body 4 and the second block body 5 be made of a material
that is superior in heat resistance and resistance fo corrosion because of a property of the fluid flowing
inside the first block body 4 and the second block body 5.

[0631] In addition, the second block body 5 is so arranged to project from the end surface 4a of the
first block body 4 by being mounted on the first block body 4, and a block for preheating H2 is further
mounted on a side peripheral surface of the projecting portion of the second block body 5. The block for
preheating H2 is in a shape of a ring made of, for example, aluminum, and arranged to receive heat from
the first block body 4 so as to preheat the gas-liquid mixture GL passing the block for preheating H2.

[0032] The reason to arrange the second block body 5 separately from the first block body 4 is

mainly because of the merit that it is easy to construct the dividing channel 6 from the inlet port P1 to each
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t he concentration of the mst will be generally uniform In addition, since
the concentration of the mst to be vaporized is uniform it is possible
to vaporize the mst nore effectively, at a low tenperature with a reduced
t hermal dose, conpared to using a conventional anangenent wherein the m st
is vaporized at a tenperature adjusted for the highest concentration.
[0034] In addition, when conparing vaporizer A having a plurality of
heati ng channels 3 with a conventional vaporizer having one heating
channel, if a cross sectional area of a nozzle for the conventional
vaporizer and a total cross_sectional area of a plurality of nozzles for
this vap@PiFes sigt & tlfke dvadipeblqckheds it the B block bpdy 6 mmay g medp efibe s
nozzl e, of the vaporizer A having a plurality of heating channels 3,
becomes shall £ ilbdRathat.of the conventional vaporizer. Also in teens of
this, vaporization can be conducted effectively at a | ow tenperature. As
other factors, it is conceivable that it is possible for multiple heating
channel 4038} condwgtori@at wit hehingahyht BRCAUSRisBspRPRL Reh cRh 8d-zRM3 | Bbes fidndi d
flowing inside of the heating channels is large, and it is possible for
mul tiple heating channels to lower the tenperature setting because a

di f f er eAe&ChFOESPABHBE heting ehagnes ik 1Bigt spepied o Hidlersaiandzse 3 b wahins be mixedrral |
since each of the heating channels can be nade thin, whereas the heating
channel ,of th nvent i.onal . vaporizer. 12 is l.arge in dianeter it is

ai'r 1 culf opbt MRy R oY BB AR 1 iR oo B B Eh P B £
necessary to adjust the tenperature setting to be high in order to be

t ai.| or ede ¥ Qoritdaes MARHN 11Zi8bbEBlcad vipiBARMLEA! mBRlcdTed@lell, REa lok)«ec@ﬁu%sd?ﬁm@ hannel .

[ 0035] More specifically, vaporization can be conducted at a | ower

tenperature conpared with a .
reduced thermal dose, compared to using a conventional arrangement wherein the mist is vaporized at a

temperature adjusted for the highest concentration.

[0034) In addition, when comparing vaporizer A having a plurality of heating channels 3 with a
conventional vaporizer having one heating channel, if a cross sectional arca of a nozzle for the
conventional vaporizer and a total cross sectional arca of a plurality of nozzles for this vaporizer A are the
same (the same flow), a vaporized amount per nozzle, of the vaporizer A having a plurality of heating
channels 3, becomes smaller than that of the conventional vaporizer.  Also in terms of this, vaporization
can be conducted effectively at a low temperature.  As other factors, it is conceivable  that it is possible
for multiple heating channels to conduct heat ¢ffectively because a contact area  of the fluid flowing
nside of the heating channels is large, and it is possible for multiple heating channels to lower the
temperature sctling because a difference of a temperature distribution in the heating channel is small since

each of the heating channels can be made thin, whereas the heating channel of the conventional vaporizer
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conventional vaporizer, so it is possible to prevent a residue due to

t hermal deconposition of the precursor and to prevent clogging of the
nozzle 3. Conversely, if the tenperature is set to be the sane as that of
the conventional vaporizer, it is possible for the vaporizer Ato flow
much nore precursor than the conventional vaporizes; nanely a | arge anount
of precursor flow can be flown. [0036] Furthernore, even if one nozzle 3 is
cl ogged, the precursor can flow fromthe other nozzle 3, so it is possible
to reduce a risk that the operation is conpletely halted. [0037[ Next, nore
concrete effects of the vaporizer A in accordance with this enbodi nent wll
be expl'HfEet dames: wdfeiibitblr e hea o b pandareddna eRisERatRaof AYAd RSN 1R
conparison with a conventional vaporizer having a single nozzle and a

si ngl e hegati ) ; ol I ShEXREL B Syst.em s [ ig. 9
was use%%a#ﬁg%?gggggﬁ%gnégﬁg%%%“g%ﬁ%$§gﬂ§Rﬁ§épor|§%@h%% : e§@§%%$f?g§ of
this enbodi nent or a conventional vaporizer is arranged here. The

r ef er enteatiogdentél.denot es a pressure sensor, M-C denotes a mass fl ow
controller, LMFM denotes a liquid flow neter and GVWM denotes a gas fl ow
meter. 13 [00391 The liquid precursor for an experinent having the sane
vapor pl¥8slure Xore waeificatly, yapprigation sy be qopducted ahf Inyvea leswrplemreuptet Wik anent
is introduced into the liquid precursor introducing channel |a of the
vapori zer:. .and. it " hs. introduced int he carrier.. i.ntroduci ng
channe ci TR QbR sl b B R RS L0 AR R e Bl S
Precursor flow 0.25, 0.5, 0.75, 1.0, 1.25 [g/ mn]

and to prevent clogging of the nozzle 3. Conversely, if the temperature is set {0 be the same as that of the
conventional vaporizer, it is possible for the vaporizer A to flow much more precursor than the
conventional vaporizer, namely a large amount of precursor flow can be flown.

{0036] Furthermore, even if one nozzle 3 is clogged, the precursor can flow from the other nozzle 3,
so it is possible {o reduce a risk that the operation is completely halted.

[0037] Next, more concrele eflects of the vaporizer A in accordance with this embodiment will be
explaimed with reference to a result of an experiment conducted in comparison with a conventional
vaporizer having a single nozzle and a single heating channel.

[0038] In this experiment, a system shown in Fig. 9 was used.  The reference code MV denotes a
vaporizer and the vaporizer of this embodiment or a conventional vaporizer is arranged here. The
reference code P denotes a pressure sensor, MFC denotes a mass flow controller, LMFM denotes a liquid

flow meter and GMEM denotes a gas flow meter.
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Carrier gas: 1 [SLM Tenperature of flow controller of the vaporizes 60
['C] Tenperature of vaporizing section of the vaporizer: 120 or 140 [' (]
Pi pe tenperature on the downstream side (secondary side) of the vaporizer
140 ['C] Back pressure: 5 [Ton] 100411 A cycle of flow ng the precursor
for 1 mnin a state of continuous flow of the carrier gas, and then
ceasing flowi ng the precursor for about 30 sec was repeated under the
above-nentioned el enents, and then the gas flow was neasured over tine by
the use of the gas flow neter GWM arranged on the downstream side of the
vaporlz The flow of the precursor was 0.25 [g/mn] for the first cycle,
and dPQ?a%ed phje éCI%PiW‘ﬁi o1 arFespereat Rpvisy B sanappessiycasdihels Fspedit ed

unti | the precursor flow reached 1.25 [g/mn]. The results of the flow

measur erfgl%rngﬁ 2 SRy %Iélgcnt Ps(i)ntx Lllzc'o@ mtol\ﬁc Iué;@ao A%: 1: 1ﬁl¥ﬁu|&?§ (?lhrgen%{ Piqozcl unt

of the I'Tqui recursor OW IS oduce riodi ca
precursor is vaporized conpletely the gas flom/on t he downstream si de of

t he vapaspaies, a8 nigtfp @asdnt@ube intd the 8inadipks i@Rdud dhivakl bl s measur enent
waveformis a rectangul ar waveformwi th a flat upper side. However; if the
| i quid precursor is not vaporized conpletely, the gas fIOM/quctuates by an
anount d¢04Phe | iAdcklenspis inthis epetihent ab 8s lltwsvapor i zed so that the

measur enent waveform of the gas fl ow beconmes unstable with a |jagged upper

side. [00431 Th% Fﬂggﬂ ?pgs%hg 1&%2§§ﬁnmfnpared Fig. 10 shows an
duc

experi nment al resut

Carrier gas: 1 [SIL.M]

Temperature of flow controller of the vaporizer: 60[°C]

Temperature of vaporizing section of the vaporizer: 120 or 140{°C]

Pipe temperature on the downstream side (secondary side) of the vaporizer: 1401°C]

Back pressure: 5 [Torr]
(0041} A cycle of flowing the precursor for 1 min in a state of continuous flow of the carrier gas, and
then ceasing flowing the precursor for about 30 sec was repeated under the above-mentioned elements, and
then the gas flow was measured over time by the use of the gas flow mefer GMFM arranged on the
downstream side of the vaporizer. The flow of the precursor was 0.25 {g/min] for the first cycle, and
mncreased by 0.25 [g/min] for every cycle and the cycle was repeated until the precursor flow reached 1.25
[g/min]. The results of the flow measurement are shown in Fig, 10 - Fig. 12.
[0042] Since a certain amount of the liquid precursor flow is introduced periodically, 1f the liquid

precursor is vaporized completely, the gas flow on the downstream side of the vaporizer is supposed to be

14



t he vaporizer of this enbodi nent when the vaporizing section was set at 140
C, and Fig. 12 shows an experinental result conducted on the conventi onal
vapori zer when the vaporizing section was set at 140 C. As is clear from
Fig. 10, with the vaporizer of this enbodi nent, turbulence was hardly shown
in the neasurenent waveform even though the flow was increased up to 1.25
[g/mn]. On the contrary, as shown in Fig. 12, with the conventi onal

vapori zer the measurenent waveformwas stable until the flow was 0.5
[g/m n] and turbul ence was shown after the fl ow exceeded 0.5 [g/ m n], which
proved %Qg@‘ vaporization is not appropriately conducted Mre specifically,
the vap &7 spfna ifiracagipedl ek srageieiedaariveipra dth § Hetpaes sidio VCBE t he
flowis larger than that of the conventional vaporizer under the sane

t enper at; Tl : Lt oo,  Fl g N 1 ) T
conductég&g#q®ﬁg&§%%%?1%%9&%%ggﬁpgbgﬁ%%éFﬁ%%@ﬂNaﬁgﬁﬁgqﬁgﬁggpggﬁggkégu?he
vapori zing section was |owered to 120 T. According to this result, the
measur eperirsovahaet adtvupuRisedsh dal Be mbdsinkméd @abdiom onas g flow| 1@l lmstsdicmiihar to

t he conventional vaporizer. 15 More specifically, if the flowis the sane,
it is possible for the vaporizer of this enbodinment to | ower the
tenperaﬂ%%@“&@ﬁﬁ@?ed wi th the conventional vaporizer. [0045] Furthernore,
Fig. 13 shows a sinulation of tenperature distribution of the inside of the

of the (SRRt T oRGIPYABEN Se e PERRET B PP R T B BERL PG e
of the vaporizing section of this enbodinent lies only partially upstream
and t he g@hagdrizaf Eahid Enbe@Rkentihd thi SodAPRBERE Waset at 140 °C, and Fig. 12 shows an
experimental result conducted on the conventional vaporizer when the vaporizing section was set at 140 °C.
As is clear from Fig. 10, with the vaporizer of this embodiment, turbulence was hardly shown in the
measurement waveform even though the flow was increased up to 1.25 [g/min]. On the contrary, as
shown in Fig. 12, with the conventional vaporizer the measurement waveform was stable until the flow
was (.5 [g/min} and turbulence was shown afler the flow exceeded 0.5 [g/min], which proved that
vaporization is not appropriately conducted, More specifically, the vaporizer of this embodiment
produces an effect that an amount of the flow is larger than that of the conventional vaporizer under the
same lemperature.
[0044] In addition, Fig. 11 is an experimental result conducted on the vaporizer of this embodiment

when a temperature of the vaporizing section was lowered to 120 °C. According to this result, the

measurement waveform was stable until the flow was 0.5 [g/min)], similar to the conventional vaporizer.
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[0046] This invention is not limted to the above-nenti oned enbodi nent. For
exanpl e, a nunber of vaporizing sections is not limted to foul; and may
be any nunber; such as two or nine, as long as the design of the vaporizer
permts. A concrete exanple of a nozzle dianeter nmay be, if the sanme
vaporizing anount as that of a conventional single nozzle is expected,
about 0.7 tinmes as nuch as that of a single nozzle in the case of two
nozzl es, about 0.5 times as nmuch as that of a single nozzle in the case of
four nozzles, and about 0.33 tines as nmuch as that of a single nozzle in
the case of nine nozzles. [0047] A cross-sectional area (dianmeter) of the
heat i ng Meragiselicatlp it the Bow sdhe sy, iia pessibiei ferghetapereer of thimerpipdingeakle Iawpathea
total cross-sectional area of nultiple heating channels in accordance with
this invention. i mad 0 be smaller.than a cross-sectional area of a
conventxﬁ%éwi%?%b¥% gb%%gamgﬁﬁﬂ%%Yﬁm?¥mthe flowis the same, the flow
rate becones fast for the heating channel of this invention whose

cross- se@ispnal FafiRandrs FignBlheks a kinddieh bt @Wpbate heapimsof @sinsidt bewe s a
denerit in that the heat quantity given by the heater decreases. However;
it is possible to inprove the vaporizing efficiency because the spray from
t he nozzpeenzingsectipns midhiles lowderdpeardiee pradshereparigig sichar ditfceotvehimod vemrizer
domnant if the flowrate is increased, as long as an effect of reducing

t he heat_qu ntit¥%%ive by the.heate%lbs oupstandlngfagd W, t in_q.certain
limit. [COOHBFOVRUSHY T o8P et dh KR Pa oo e S g OB 1D R ar e
formed rotationally-symmetric on a concentric circle in a cross-sectional
Vi eW SO pafalte i - L& 0 each vaporizing section
equal , Pn t%ép%%%ﬁmﬁﬁg%ﬁ%ﬁgﬁﬁgg%gghﬁgﬁEﬁﬁgﬁgﬁﬁ to surround a circunference
of the first block body. Miultiple heaters may be arranged to correspond to
each vapidb|zi ngThieowveminn saot Imaited ¢o e sHoatmentiona@nndotierhter Fdr@xdnge, a number

of vaporizing sections is not limited to four, and may be any number, such as two or nine, as long as the
design of the vaporizer permits. A concrete example of a nozzle diameter may be, if the same vaporizing
amount as that of a conventional single nozzle is expected, about 0.7 times as much as that of a single
nozzle in the case of two nozzles, about 0.5 times as much as that of a single nozzle in the case of four
nozzles, and about 0.33 times as much as that of a single nozzle in the case of nine nozzles.

[0047] A cross-sectional area (diameter) of the heating channel contributes to a vaporizing effect.
In the case that a total cross-sectional area of multiple heating channels in accordance with this invention is
made to be smaller than a cross-sectional area of a conventional single heating channel, if the flow is the
same, the flow rate becomes fast for the heating channel of this invention whose cross-sectional area is
smaller. If the flow rate becomes fast, there is a demerit in that the heat quantity given by the heater

decreases. However, it is possible to improve the vaporizing efficiency because the spray from the nozzle
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correspondi ng vapori zing section becones equal (e.g., if there are four
vapori zing sections, there are four heaters). Thus, heating to each
vapori zi ng section becones equal as much as possible so that it is possible
to prevent heating unevenness and to conduct vaporization effectively at a
| ow tenperature. 100491 The first block body is not necessarily in a
cylindrical shape, and may be in various shapes such as a cuboid or a
rectangul ar colum. The sane applies to the second bl ock body. In addition,
the first block body and the second bl ock body may be integrated. 100501
Furthernore, these bl ock bodies are not necessarily required, and each of

t he vapadt yudiprganddlccrgsgne redepngtrdiead beegmgedonipanaif thedlowgalp &y intredss, Ay lorg sagh
other. In this case, it is required to heat each pipe respectively. [0051]
In addi tjon,.if a fillin terial, i.s fi.lled in the heati channel , heat
o east To0eeRe bt bUL A IRE TGS el i et e R A BRI G o
precursor can be, nore preferably, further vaporized. The filling naterial
is prefesabl y madgidebn ti it aRicHBe AR hefink 8& A Grel hilnfD rdHMohSlySYRSEH®bn hN

t hermal conductance. In 7 addition, a sShape of the filling material is
represented by, for exanple, a ball, and a static mxer is nore

pr ef er akprsentiy dithle fthd gosasechrmgenento, as &1 mae aidistaine: foota leatento emb yapoozighwdivet t he
heat under | ow pressure but also pressure |oss beconmes snmall, it is

ossible t re preferably, further vaporize the |jqui CUrsor...
Poonsr Bl i e ARt b ok i Tees el Rk P& o iinte e

nozzl e, for exanple, near an exit of a heating channel, it is possible to

e g?lviqu%@ | L RARAWS SfespbRPo ch Veort MgB: MRRPHM R AP Pin b Meuter to the
corresponding vaporizing section becomes equal (e.g., if there are four vaporizing sections, there are four
heaters). Thus, heating to each vaporizing section becomes equal as much as possible so that it is possible
to prevent heating unevenness and to conduct vaporization effectively at a low temperature.

[0049] The first block body is not necessarily in a cylindrical shape, and may be in various shapes
such as a cuboid or a rectangular column.  The same applies to the second block body.  In addition, the
first block body and the second block body may be integrated.

10050} Furthermore, these block bodies arc not necessarily required, and cach of the vaporizing
sections may be arranged in a pipe separately from each other.  In this case, it is requived to heat each pipe
respectively.

{0051] In addition, if a filling material is filled in the heating channel, heat is easily conducted even
though the pressure is low, so the liquid precursor can be, more preferably, further vaporized.  The filling

material is preferably made of titanium.  This is because titanium is superior in thermal conductance.  In
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[0053] In addition, it is a matter of course that this vaporizer can be
applied to not only a sem conductor manufacturing process that treats a
hi gh-k material conprising a | ow vapor pressure material, but also for a
general use such as vaporizing a liquid precursor in addition to the

sem conductor manufacturing process. 10054] In addition, a concrete
arrangenent of each section is not limted to the above-nentioned

enbodi ment, and nay be variously nodified without departing fromthe spirit
of the invention. PGOSSIBLE APPLI CATIONS I N | NDUSTRY [0055] In accordance
with this invention, it is possible to rovide a vaporlzer t hat prevents
deteri oraéihp%haé*l’ap‘a%‘?’l‘eéhﬁ&@?tc\m%ilﬂ IEPrESSEEE P 6T ex4nadgs dball, apdy laticgixet i ROt
cl ogging, and easily increasing vaporization flow so that the precursor

can b e (%BELZ eq?\’lf?lviﬁ Q a:‘f%n%&lu% Sl?lgb i? es wt] gr?}% I{%}ggi (nrr@uc[ ﬁﬁ: ‘ﬁea? iu1c1108 iog‘pl‘!asl\@e P\JI

vapori zer conpri sing port for due] ng a precursor quid
phase or a gas-liquid mxture phase a vaporizing section for vapor|2|ng

the precus poisuldeRgadestmal, s ROMMSH I B@IhEiABly FutlichepodA iRliqR@plsurdnd an
outlet port for delivering the precursor vaporized by the vaporizing

section, and characterized in that the vaporizing section is of a flow
channel 18038k compiticsnarg i ey meutasiongsriay gt bide of freaicutes br canaleanchaat i ng
channel arranged on the downstream side of the nozzle continuously thereto,

port ana™ 41 BB BB Rk RPSShE P Selfr B Reoed gl dE vehe
precursor flow through vaporization sections are independent of each
gas-liquid mixture.
[0053} In addition, it 15 a matter of course that this vaporizer can be applied to not only a
semiconductor manufacturing process that treats a high-k material comprising a low vapor pressure
material, but also for a general use such as vaporizing a liquid precursor in addition to the semiconductor
manufacturing process.
10054) In addition, a concrete arrangement of cach section is not limited to the above-mentioned
embodiment, and may be variously modified without departing from the spirit of the invention.
POSSIBLE APPLICATIONS IN INDUSTRY
[00SS] In accordance with this invention, it is possible to provide a vaporizer that prevents
deterioration of a precursor while reducing a residue, reducing risk of clogging, and easily increasing

vaponzation flow so that the precursor can be vaporized even with a reduced heating temperature .
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other: 2. The vaporizer described in claim1l, conprising a single first
bl ock body where each of the vaporizing sections is fornmed, wherein
vaporization is pronoted in each of the vaporizing sections by applying
heat to the first block body. 3. The vaporizer described in claim2, titter
conprising a second bl ock body where a dividing channel for dividing the
precursor fromthe inlet port to each of the vaporizing sections is forned,
wherein the second bl ock body is arranged on the upstream side of the
first block body. 19
CLAIMS

L. A vaporizer comprising an inlet port for introducing a precussor in a liquid phase or a gas-liquid

mixture phase, a vaporizing section for vaporizing the precursor arranged on the downstream side of the

inket port, and an outlet port for delivering the precursor vaporized by the vaporizing section, and

characterized in that the vaporizing section is of a flow channel type comprising a nozzle for spraying the

precursor and a heating channel arranged on the downstream side of the nozzle continuously thereto, a

plurality of vaporizing sections arranged in parallel between the inlet port and the outlet port and each

vaporizing section is arranged so the precursor flow through vaporization sections are independent of each

other.,

2. The vaporizer described in claim 1, comprising a single first block body where each of the
vaporizing sections is formed, wherein vaporization is promoted in each of the vaporizing sections by

applying heat to the first block body.

3 The vaporizer described i claim 2, further comprising a second block body where a dividing

channel for dividing the precursor from the inlet port to cach of the vaporizing sections is formed, wherein

the second block body is arranged on the upstream side of the first block body.
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