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The field of this invention is apparatus and processes for treating 5
sem conductor materials using vapor phase m'xt:Jres suchdas hmxtures of
aqueous ydrogen fluoride, non-aqueous solvents, and other processing
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Background Art
In the processing of semiconductor wafers and other semiconductor pieces

10 it is typical to perform steps which chemically etch or otherwise remove
semiconductor material from the surfaces of the bieces being processed. In the
processing of silicon wafers it is common to use an aqueous mixture of hydrogen
fluoride to remove silicon and silicon oxide layers. Such aqueous hydrofluoric
acid mixtures are effective at performing etches which remove silicon at relatively

15 high etch rates thus speeding processing of the wafers. Vapor phase mixtures
of hydrogen fluoride and water have also been used.

In such processing the uniformity of etching is an important consideration
which in-part governs the suitability of results associated with a particular process.
Processes which otherwise may be conceptually sound will not be commercially

20 viable unless adequate uniformity can be achieved. Uniformity in the etching
rates from point to point across the wafer are now preferably on the order of
10 angstroms (10 meters) or better. To achieve such high degrees of
uniformity in etch rates across the wafer is a constant challenge. Even relatively
minor variations in processing parameters can have dramatic effects which render

25 the processed semiconductor piece worthless. Such processing is also very
sensitive to variations in the repeatability of etch rates between wafers within a
batch or berween different batches of wafers run using what appears to be the
same process and processing parameters. These consnderatxons thus make it
extremely difficult to achieve improved processing.

30 Further complicating the problems of uniformity and repeatability is the
desire by most semiconductor device production companies for batch production
processes. Batch production processes have the inherent advantage of allowing
more throughput per unit of time when conducting the same processing step.
However, batch mode processing has the disadvantage that the wafers or other

35 semiconductor pieces are typically held within the processing chamber in a closely

spaced parallel processing array configuration. This configuration limits the access
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configuration | jsnintSydeR&o2meHssn levels of contamination very low. Even relatively small
16 contaminants of approximately 0.2-0.5 microns can be problematic in the resulting
devices being produced. Prior etching technologies for silicon and other
semiconductor materials have frequently included one or more hydrogen fluoride
processing steps. When a hydrogen fluoride step is performed as a last step in
the etching or larger process, this typically results in a hydrophobic silicon
5 surface.  Such hydrophobic semiconductor surfaces are more susceptible to
contamination, particularly contamination due to particles becoming adhered to the
surface of the wafer. In some processing it is mandatory that the silicon surface
be cleared of all silicon oxide. This is frequently done using aqueous hydrogen
fluoride rinses which render the resulting surface hydrophobic and more
20 susceptible to particle contamination. Thus hydrofluoric acid processing may
result in the addition of numerous particles (0.2 micron or larger), such as 100-
10000 particles per wafer.
Thus there has been a longstanding need for hydrofluoric acid and other
semiconductor removal processing which has an improved ability to resist
25 contamination, and in particular contamination due to particle additions. Such
ability has been needed while also maintaining uniformity and repeatability in the
removal rates of the semiconductor materials. _
There has also been 2z long-felt need in the art of semiconductor
processing for improved processes and apparatus for providing vapor phase
30 chemical processing. Vapor phase processing can be particularly difficult in some
chemistries. In all chemistries there are particular concerns associated with
generation of vapor phases of the processing chemicals in such a manner as to
achieve vapor phases which are homogeneous. The homogeneity desired is
sometimes a matter of achieving homogeneous vapor concentrations of a single
35 constituent, Still more challenging is the difficulty in achieving homogeneous

vapor concentrations when there are multiple chemical constituents in additional



of processing fluids to the faces of the wafers which are within the
processi ng array. Thus there are increased challenges with regard to
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t‘xpeaccompanying drawings, which are briefly described below.
Fig. 1 is 2 schematic view showing a preferred processing system used in
accordance with this invention.
Fig. 2 is a schematic view showing another preferred processing system
used in accordance with this invention.
20 Fig. 3 is a bottom view of the vapor generator top piece used in the
| processing systems of Figs. 1 and 2.
Fig. 4 is a schematic view showing another preferred processing system
used in accordance with this invention.
Fig. 5 is a continuation of the schematic view of Fig. 4 which portrays
25 portions of the system which depicted in Fig. 4 by block 243.
Fig. 6 is an end elevational view showing the discharge end of the
vaporizer shown in Fig. 5. |
Fig. 7 is a longitudinal sectional view showing a preferred vaporizer used
in the system of Fig. 4. Fig.'7 is taken along section line 7-7 of Fig. 6.
30 Fig. 8 is a front elevational view showing a preferred vapor mixer used
in the system of Fig. 4.
Fig. 9 is a sectional view taken along line 9-9 of Fig. 8.
Fig. 10 is a plan view of the vapor mixer of Fig. 7.

Fig. 11 is a sectional view taken along line 11-11 of Fig. 8.
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.......... Aslbhybed 116 ................ 10
processmg vessel 11 ... ........... 6
10 processing chamber 12 ............ 6  Second Processing System - Multiple Vapor
otor 13 ... ... ... i 6 Generators . .................... 10
wafercarrier 14 ... ..... .. ........ 6 first vapor generator 120 ........... 10
semiconductor pieces 15 ........... 6 first source liquid 122 ............. 10
processing chamber vapor stream second vapor genmerator 220 ......... 10
15 supplies 17 ................... 6 second source liguid 222 ........... 10
processing chamber supply nozzles 18 . 6 vapor generator liguid compariments
vent 19 ... L 6 12and 221 .. ... ..o Lo, 10
ceatrifugal processing machine first and second vapor generator feed
subsystem 16 ................. 6 gas supplies 127 and 227 ........ 10
20 feed gas sources 133 and 233 ........ 10
First Processing System - Vapor Generator 7 mass flow controllers 128 and 228 . ... 10
vapor generator 20 ............... 7 heating units 161 and 261 .......... 10
liquid compamtment 21 ............ 7 electrical resistance elements 163 and
source fiquid 22 ................. 7 263 L. 11
25 vapor ‘generator container 23 ........ 7 liquid cocmpariment drains 159 and 259 11
container base 24 . ............... 7 drain vajves 1S8 and 238 ........... Il
container top 25 ........ ... 7
feed gas supply port 26 ......... ... 7  Second Processing System - Stream Mixer 11
feed gas director 30 . .............. 7 stream mixer 51 .. ..... .. .. ... .. 11
30 spiral groove 31 ................. 7 dilution gas supply 152 ............ 1l
intervening separation wall 32 ....... 7 first vapor generator branch 171 ..... 11
vapor generator feed gas supply 27 ... 8 output 135 ... ...l 1t
source of feed gas 33 . ............. 8 second vapor generator branch 172 ... II
feed gas pressure regulator 29 .. ..... 8 dilution input branch 173 is connected
35 feed gas flow controller 28 ......... 8 1o receive diluent gas from diluent
feed gas flow control adjustment gassupply 152 ........ ... ... L. k1
valve34 ... ... L. 8 output branch 174 ... ............. H
vapor generator output 35 .......... 8 diluent gas source 153 ... ..., . ... .. i1
vapor generator outlet port 36 . ..... 8 mass flow controller 155 ........... 11
40 source liquid level comrol 40 ....... 8
level sensor 41 .................. 8  Third Processing System - Processing Vessel 11
source liquid make-up port 38 ... .... 8 processor 200 ... ... .. e 1
source liquid reservoir 43 .......... 8 processing vessel 201 .. .. ... ... ... 11
source liquid make-up control valve 44 8 processing chamber 209 ...._.....: 1
45 second vapor receiver 37 ........... 9
vapor cooler 38 . ................. 9  Third Processing System - Processing
exsiccator 39 .. ... ..o 9 Chamber Inflows . ............... 12
processing chamber fluid supplies 202 . 12
First Processing System - Dilution Gas processing fluid supply nozzles 203 ... 12
50 Infaser .................... ..., 9 processing fluid chamber supply spray
dilution gas infuser 50 ............. 9 jers 212 L 12
stream mixer S1 ................. 9 processing fluid or vapor supply
dilution gas supply 52 ....... PR 9 subsystem 243 ... ............ 12
source of dilution gas 53 ........... 9 water or other suitable rinse subsystem
55 dilution gas pressure regulator 54 .... 9 04 12
dilution gas flow controller 55 ....... 9 maintenance rinse manifolds 205 ... .. 12
dilution gas flow control adjustment rinse nozzles 208 ... ... .. ......... 12
valve 56 . ....... .. .. L. 10 deionized water source 206 . ..... ... 2



constituent chem cal systemwhen in the liquid state often are different

t han when these sane constituents are transforned to a vapor
phase. __These variations further—rerease—the—chal | enges—for—produci ng
uni form and repeat abl e processing results. 10 There remains a
need in the sem conductor processing industry for | nproved net hods
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Preferred enbodi ments of the invention aregdescribed below with reference
15 to the acconpanying drawi ngs, which are briefly described bel ow
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10 | S a pl a_n Vi ew fﬁttr il. €. vapor mn xer, Of .F|1_9- 7-vaporizer jet feed gasi%; ewé]y1903 S %
sectional view tak@he@l QR lnkBs ob-4dd . Of. M3 9. Serspool 809 .................... 16
20 flow control orifice 269 ...... e i3 jet receptacle 810 . ............... i6
controlled pressure relief valve 245 ... 13 vaporizer liquid inflow port 807 ... .. 16
combined vapor mixer and diluter 293 . 16
Third Processing System - Processing mixer body piece 1001 .. ........... 16
Chamber Qutflows ............... 14 first vapor generator stream input 1005 16
25 processing chamber 209 ........... 14 second vapor generator stream input
gas outflow or exhaust line 273 ...... 14 1009 ... 16
an exhaust control valve 267 ........ ‘14 diluent gas input 1007 ............. I6
facilities exhaust line 265 .......... 4 diluent gas mixer mass flow controller
a liquids outflow subsystem 274 ...... 14 391 e 16
30 drain fining 276 ................. 14 threaded fitings 907 .............. 16
processing chamber drain flow control . 14 outflow port 1003 ................ 16
first drain controt valve 279 ......... 14 fiting 909 .. ... ...l 16
second drain control valve 280 ...... 14 processing chamber mixture feed line
first drain line 289 ............... 14 405 .. e 16
35 gastrap 275 ... ... 14
overflow shunt Jine 291 ............ 14  Preferred Processing Methods .. ... .... 16
second drain line 287 .. ........... 14
gasurap 277 .. ... iiaiee s 14 Examplel ......... . co0iiiinan. 20
flowsensor 281 .................. 14
40 Example2 ... ... ... coiiiiiinnn, 21
Third Processing System - Vapor
Generation & Mixing ............. 14 Example3 .......... ... ... ... 2
vapor generation and mixing subsysiem _
P T 14 Exampled ...... ... .. ... . i s 22
45 first processing chemical source supply
line285 ...............: e 14 ** * (End of Table 1) * * *
second processing chemical source
supply line 283 ................ 14
first reservoir or siorage container 307 14
50 second reservoir or storage container
3 0 i5

reservoir outflow lines 509 and 601 ... 15
clean dry air or other suitable gas

manifold 407 . ................ 15
55 reservoir purge supply line 408 ...... 15
vents 308and 318 ........... ..., 15

reservoir vent control valves 304 and
314 e e 15
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Fig. 1 shows a preferred first processing system 10 according to this
5 invention.  System 10 include a processing vessel 11 which is- preferably
constructed to allow closure using a door (not shown). When closed, the
processing vessel forms a substantially enclosed processing chamber 12. The
processing vessel preferably encloses portions of a rotor 13. Internal portions
of the rotor are mounted for controlled rotation within the processing chamber
16 12, Rotor 13 preferably has féatures which hold a wafer carrier 14. Wafer
carrier 14 supports one or more wafers or other semiconductor pieces 15 being
processed. The rotor and any associated wafer carrier are rotated with the
supported wafers or other semiconductor pieces therein. This serves to flow the
vaporous mixture held within the processing chamber over the exposed surfaces
15 of the semiconductor pieces and also serves to mix the processing chamber fluids
to help maintain uniformity of the fluid mixture and uniformity as to the
constituency of the processing mixture as it is presented to the surfaces of the
semiconductor piece.
Fig. 1 also shows a pair of processing chamber vapor stream supplies 17.
20 Processing chamber vapor supplies 17 are preferably tubular manifolds or other
suitable conduits used to pass and distribute processing fluids to the chamber 12.
Preferably, the vapor supplies are a tubular conduit have a plurality of processing
chamber supply nozzles 18 which allo.w processing fluids to be dispensed into
chamber 12 at a plurality of nozzle or dispensing positions within the processing
25 chamber. This allows the vapors to be introduced about the surfaces of the
wafers or other pieces 15 being processed. A vent 19 can also advantageously
be included to allow gas flow into the processing chamber without pressure
buildup, to thereby maintain a desired processing chamber operating pressuré.
Typically the pressure is at or near atmospheric, although reduced and elevated
30 pressures are alternatively possible.
As shown, the processing vessel 11, chamber 12, rotor 13, fluid supplies
17 and associated nozzles 18 are merely shown in a schematic form. A variety
of semiconductor centrifugal processing machine subsystems can be used to
implement this portion of the greater system 10. Most preferably, the centrifugal
35 processing machine subsystem 16 formed by these components is in the form of

a model Semitool Spray Acid Processor manufactured by Semitool, Inc. of
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di l uent gas source Hi33 .shows. a prefdrred constructionVi@p@bni@ieérciopt 5. Qldhdaﬁlt‘:r I&ﬁi’t 36
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source |iquid feKGa WRmRRGkaR with ‘a feed ‘gas dfector 30" O Caodh, 29 gas director  °
' 11 30 is in the form of a spiral groove 31 which is formed along the underside of
the container top. The spiral groove is separated by an intervening separation
wall 32 which extends from the recessed portions of groove 31 toward the
source liquid. '
25 Feed gas enters through feed gas supply port 26 and is conveyed along
a tortuous spiral path formed in part by the spiral groove. The tortuous path
is also defined by the associated separation wall and source liquid. The source
liquid is kept at a suitable elevational level to form a liquid seal with lower
portions of the separation wall. Although a spiral groove is shown, other
30 convoluted or tortuous paths can easily be formed either along the underside of
the container top, or using another form of baffle. for instance 2 separate baffle
piece mounted within the container to form the feed gas director. The feed gas
director directs the flow of feed gas and allows transit against the source liquid
22 for an elongated path. This flow of feed gas against the source Liquid is

35 a gas-liquid interaction which results in formation of vapor from the source liquid
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12 processi ng
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' 19 The feed gas from source 33 is preferably passed through a feed gas
pressure regulator 29 which regulates the pressure for improved control of the
vapor generator. The feed gas from the pressure regulator is passed through
a feed gas flow controller 28. As shown, flow controller 28 is in the form of
a rotameter which indicates flow rate of the feed gas into the vapor generator.

15 Flow controller 28 advantageously has an integral feed gas flow control
adjustment valve 34 which is shown schematically in Fig. 1. Valve 34 is
manually adjusted to provide desired flow rates of the feed gas to the generator
and the resulting vapor generator stream from the generator. Alternatively, an
automatically controlled feed gas control valve can be used.

20 Vapor generator 20 also has a vapor generator output 35. In the
preferred form, vapor generator output 35 includes a vapor generator outlet port
36 formed through the container top 25. The outlet port is in a central
location in fluid communication with the inner end of spiral groove 31. Feed
gas flows within the feed gas director spiral groove and exits via port 36.

25 Vapor generator outlet port 36 also serves as a first vapor receiver into which
the vapors generated from the source liquid are separated from the liquid.

Vapor generator 20 also preferably includes a source liquid level control
40. Source liquid level control 40 includes a level sensor 41 which is mounted
in or adjacent to the liquid compartment 21 to sense the level of the source

30 liquid. Level sensor can be of a variety of types well-known in the art of
liquid level detection. The source liquid level control 40 also includes a source
liquid make-up port 38 which is advantageously formed through the container top
25. Port 38 is used to supply source liquid from a source liquid rteservoir 43.
A source liquid make-up control valve 44 controls the flow of source liquid from

35 reservoir 43 to the vapor generator. Valve 44 is controlled using a suitable
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16 fi PRiGh sgi¥gs to desaturate excessive amounts 03 source ligpigomhighrmpetbef eed
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269 . . perqupnal parameiggs. | Bxiipeator) 39 gliinates or reduces the risk of pogsible
control | ed presadessatial ioffliquads virod4the. vapol Sgenerator VA6 W Z@feati eMit@di fibhow
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conbi ned vapo varj%@&gfn%‘%tar &uffﬁ?der35293 . 16 Third Processing System -
Processi ng First Processing{System bBilytign GasdnfhB&1 . ... .. ... ... .. .. 16

Chanber CQutfgd OWS . .The. processing - 1 ] did por..generat or. stream
oput 1005 116,25 T PEISILRNY Chaiobe gy el SRl e
second vapor geh&Fairbisingia didgton; ggsuvith the vapor ggaeraiomtutfuw eireasxhdlibitiohi ne

273 .... 14  gas infuserl§0Qreferably -includes-a stream -mixek651. Mixer 51 3 cEntRAVS tin
control valve &93 communication ]t'o receive thédivla;yoerngen%g?ori QEI%%wngeZm.' ‘Mixer 51
is further connected to receive a dilution gas from a dilution gas supply 52,
20 Mixer 51 further is connected in fluid communication with processing chamber
vapor supplies 17 to provide a processing chamber vapor mixture stream which
is used to process the semiconductor pieces 15. Mixer Sl can be of various
mechanical constructions which induce mixing between the streams being mixed.
In one form of the invention the mixer is an enlarged tee fitting. Alternatively,
25 it can be constructed to provide cyclonic mixing between the two streams.

Dilution gas supply 52 takes gas from a suitable source of dilution gas
53.  Suitable sources of dilution gas for the preferred chemistries explained
below include facilities gas sources for nitrogen. clean dry air, or other gasés
which are found not to adversely affect processing within processing chamber 12.

30 Alternatively, the source of dilution gas can be from tanks or reservoirs (not
shown) forming a part of processor 10.

The dilution gas from source 53 is preferably passed through a dilution
gas pressure regulator 54 which regulates the pressure for improved control of
the infuser. The dilution gas fed from the pressure regulator is passed through

35 a dilution gas flow controller 55. As shown, flow controller 55 is in the form

of a rotameter which indicates flow rate of the dilution gas. Flow controiler
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ription  will' now be considered.
Second Processing System - Multiple Vapor Generators

Processing system 100 differs from processor 10 in having plural vapor
generators 120 and 220. A first vapor generator 120 is intended to generate
a vapor generator output stream comprised of a first feed gas and a first vapor
which is vaporized from a first source liquid 122. A second vapor generator 220
is intended to generate a vapor gemerator output stream comprised of a second
feed gas and a second vapor which is vaporized from a second source liquid
222. These vapor gemerators are similar with regard to many features as
compared to vapor generator 20. Additions have been made in the hundreds
column of 1 and 2 for the respective features of generators 120 and 220 which
are similar as those described above for vapor generator 20.  Additional
explanation is given below with regard to differences between generators 120, 220
and vapor generator 20.

Source liquid is supplied to the vapor generator liquid compartments 121
and 221 using a somewhat modified first and second vapor generator feed gas
supplies 127 and 227. Each such supply takes feed gas from the respective feed
gas sources 133 and 233 and passes the incoming feed gas through mass flow
controllers 128 and 228, respectively. The mass flow controllers monitor and
govern the flow of feed gas to a preset delivery rate. The first and second
feed gases then pass into vapor generators which have internal constructions as
described above in connection with vapor generator 20.

Vapor generators 120 and 220 also differ from generator 20 in being
constructed with added heating units 161 and 261. Heating units 161 and 261

are preferably thermally insulated and provided with receptacles into which are



reservoir vent control val ves 304 and 314 . .. ...

15 6 Best Mbdes
for Carrvina Qit the Ipvention and Disclosure-of | nvention st

Processi ng System - Centrifugal Processing Machi ne Subsystem
Fig. 1 shows a preferred first processing system 10 accordi ng to this 5

I nventi on. S&/st em 10 include a processing vessel &( 65_)?'
preferably WOYSH% ructed to allow closure using a door no own) .
When closed, the processing vessel fgans a substantially encl osed
processi ng chanber 12. The processi ng vessel preferably encloses
portions of a rQLRE4 ly;)bmorlsmo?rﬂ@l cPREIERNI23 and0b2d. hedn@t oF ﬂb@ rm:'émc@ﬂ for
controlled rotation wth t he processi ng chanmber 10

pref erabl y has résissangs £°WHCH611IG1D6 %éwf%r‘“‘ii‘éﬁefil %'P“%Mhe Wf‘BF Al ‘tfaf‘}‘l er

14 supports ONeec@prabled QIYRLE eaPlto Obd1Gfipus i Clﬁnd(uﬁilﬁér ph® 86rcd Slidaed N@ld
processed. The raotor ﬁgd an%?assom at ed vvaf carrl er are rotated Wi th the

support ed waf ef™HP- ot NBF RFFE¥N SGRPEA YSFe st?eheram h. COPpREmEnts, oL 1S £ ow

t he 5 containers are preferably regulated by thermostats (not shown).

Containers 123 and 223 are also advantageously provided with liquid
compartment drains 159 and 259, respectively. Drains 159, 259 are preferably
provided with drain valves 158 and 258, respectively.

Second Processing System - Stream Mixer

] Processing system 100 also differs from processing system 10 with regard
to the stream mixer 151. Stream mixer 151 serves not only as the infuser of
dilution gas supplied from dilution gas supply 152, but alsc as a vapor stream
mixer. Alternatively, the dilution gas infuser and vapor stream mixer can be
separate and distinct parts of the systems. Stream mixer 151 is a fluid conduit

15 and mixing apparatus which. as shown has four branches. A first input branch
of mixer 151 is the first vapor generator branch 171 which is connected to the
output 135 from first vapor generator 120. A second input branch of mixer 151
is the second vapor generator branch 172 which is connected to the output 235
from second vapor generator 220. A third input branch or dilution input branch

20 173 is connected to receive diluent gas from diluent gas supply 152. The fourth
and output branch 174 of mixer 151 is connected to the processing chamber
vapor supplies 117. '

The diluent gas supply 152 includes a diluent gas source 153 and a mass
flow controiler 155. Mass flow controller 155 regulates the flow of diluent gas

25 to a preset operating flow rate based upon the mass of material being passed
therethrough.
Third Processing System - Processing Vessel
Fig. 4 shows another preferred embodiment of the invention in the form
of a processor 200. ~Processor 200 includes a processing vessel 20! which
30 cencloses a processing chamber 209. The processing vessel which can be of
various constructions, and preferably includes a controllable front door (not
shown) which allows the processing chamber to be closed to thereby form a
substantially enclosed processing chamber. In the embodiment shown, processor
200 is a single station or module forming a part of a larger multi-station
35 processing system not otherwise shown but sold under the trademark MAGNUM

by Semitoo] of Kalispell, Montana. A large number of other processing vessel



vaporous m xture held within the processi ng chanber over the exposed
surfaces 15 of the sem conductor pieces and al so serves to mx the

processi ng chanber ffluids to help maintain uniformty of the fluid
m xture and uniformty as to the constituency of the processing m xture
as it is presented to the surfaces of the sem conduct or- pi ece.

Fig. 1 also svowwiqaspair of processing chanber vapor streaprcswpsiices 17. 20
Processi ng chanber vapor supplies 17 are preferably tubular manifol ds or

ot her suitabl e conduits used to pass ant di stribute processing fluids
to the chanber 12. Preferably, the vapor supplies are a tubular conduit
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Processor manuf ggturad by Semitool, Inc. of

Processing fluids are delivered to the processing chamber fluid supplies 202
from a desired processing fluid or vapor supply subsystem 243. In the preferred
construction of Fig. 4. there is a single processing vapor supply which is
generally indicated by block 243. The preferred systems according to this
invention provide processing fluids in the form of vaporous mixtures of one or
more chemicals in combination with a carrier gas. The systems use vaporous
mixtures generated from liquid processing chemicals. The liquid processing
2¢  chemicals are not generally considered to be gaseous at the desired processing

pressures and temperatufes at which the processing chamber is to be operated.
For example, the vaporous mixtures of etchants, water and carrier gases as
explained elsewhere in this application. Other chemical combinations are also
possible.

25 Although Fig. 4 only shows a single processing fluid supply 243 which will
be described more fully below in a preferred form and construction, it should
be appreciated that there can be a plurality of such supplies. Each supply can
be connected to a single manifold 205 or be used to supply processing fluids to
a number of such manifolds. Alternatively, a number of supplies 243 can be fed

30 to a single or multiple manifolds as the particular system requirements suggest.

The processing system is also preferably provided with a water or other

suitable rinse subsystem 204 for rinsing semiconductor pieces being processed ‘and

for cleaning and maintenance of the processing vessel 201. Processing vesse! 201
further advantageously includes one or more maintenance rinse manifolds 2035

35 each of which has a number of rinse nozzles 208. Manifolds 205 are supplied

with deionized water from a deionized water source 206 of conventional design.



7 Kalispell MI 59901. The preferred centrifugal processing nmachine

subsystem utilizes a suitable material for the process being
perfor ned As described. the ___preferred—raterials are—potyrmer—————-
materials. High density polyethylene, or PTFE TEFLON nmaterials are

used to construct the processing vessel and rotor when 5 wutilized wth
hydrogen fluoride processing as specifically described g el ow.

Al ternati ve WeP¥H§0ugal processi ng machines may be sui t abPETPRIETR i n
system 10. First Processing System - por Generator

Pr ocessi ng system 10 further includes at [éast one vapor generator 20.

Vapor gener at ory 20 | ch&éd%ﬁfh%o%ﬁ o4 %aﬁgﬁgggt Rt s&él-cef 9hs NRLIGAI0, afaagﬁl,g e

liquid 10 22. The source escribed in greater ‘det al
[of

bel ow. The |i geiogized wwrrpwpﬂw@ a8d pr ehutoforyive Ahethisly & ceppigled to
generator cont %bﬂ%ﬁm?tg’ly @thﬁ' Gkt deionizéd 'vVHEérUSt%h@d G rinRfy B 243,

Container 23 is_also preferably provided with , contai ner. top. 25.
Top 25 is adVaft 2EevsTrgm vabise3luPpues Vian conduitgZi0opy 2 deionizeth ryagifiodni on

SO as to serye flowngdWISvdive adsli t AOMolwO dEREMNIgC Swilkh az‘z o preferdtdy libcluded
cont ai ner. ur ed remai ning portions

24.
of cont ai né'BSt%mbﬁpvxé“H%hg frénf SE&“M%S %%t Ze@ M 1% 1’fnﬁst' Bhers (not shown).

Fig. 3 shows a pref Eigr ¢d aonskawschi driofieed centmisngyly t GpycRS. suBysmtmi vaicht op-
25 Includes a hafde0a% SPRANE ROAL 28 WAL Shiohdard WRRE! Aol iPnite. dswaxeablﬁ

source vapor gene or feed gas (suc scrl Feed gas
supply 26 i s ZGF Slim’llf»fl Wiad ac@mmlﬁ%mq ohecli ‘t"ilhle 35e@d vajus 231 re‘é/the!1 Ber s

ShO}Nn fgedlBa%ofﬁ@ﬁgtﬁbpmdv{a%ovfalv@ 39, e Rl Whef i@ pRiRihAl BERQMEaSh which
'S tormed a On?owereﬂgv? reaEeSIWaevz?lve 271 to outflow 255. This maintains the deionized

water supply with fresh water having minimal amounts of bacterial development.
Contrel valve 225 is advantageously coupled with a nitrogen purge valve
223 which is controlled to upon command flow nitrogen purge gas through valve

ts 225, the downstream lines, and attached processing chamber fluid supplies 202
1o clear them of water. Nitrogen is supplied to valve 223 via line 221 from
a nitrogen supply manifold 263.

Third Processing System - Nitrogen Supply _
The nitrogen supply manifold 263 supplies nitrogen to supply line 221.

20 The supply branch line 221 also preferably includes a pressure regula‘tor 213,
pressure gauge 215, relief valve 217, and filter 219 used to provide clean
nitrogen of desired pressure. Similar components are also used on nitrogen
supply lines 249 and 403, Nitrogen supply line 403 services processing fluid
supply subsystem 243 and will be explained more fully below.

25 - Nitrogen supply line 249 provides a small flow of nitrogen to the
processing chamber as restricted by flow control orifice 269. Part of the flow
via line 249 is used to gently purge the processing chamber with nitrogen to
remove moisture and maintain the chamber in 2 state of low contamination.
Another part of the flow via line 249 goes to a static electricity suppressor (not

3z shown) to dissipate gas having a different electrical charge than the electrical
charge of gas with otherwise is supplied to the processing chamber. A
controlled pressure relief valve 245 is used to relieve manifold 263 of pressure

when operational parameters require such.



the container top. The spiral groove is separated by an intervening
separati on wal |l 32 which extends fromthe recessed portions of groove
31 toward the sourcetiquid. 25 Feed gas enters through feed”
gas supply port 26 and is conveyed al ong a tortuous spiral path forned
in part by the spiral groove. The tortuous path Is al so defined by the
associ at ed sepapmisasn wal | and source liquid. The source pcTkdetgs7d i S
kept at a suitable elevational level to forma liquid seal with | ower
portions of the separation wall. Al thoud® a spiral groove is shown,
other 30 convoluted or tortuous paths can easily be formed either along

t he undersi de ofhird Procpssing System nBrocesgipz Chambes iOndflowpot her form of baffl e,
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stream The processing chamber also has a a liquids outflow subsystem 274. The
liquids outflow subsystem 274 includes a drain fitting 276 which is shown
schematically. The drain fitting allows liquids to drain from the processing
10 chamber. Flow of draining liquids is controlled by a processing chamber drain
flow control. As shown, the drain flow control includes first drain control valve
279 and second drain control valve 280.
The first drain control valve 279 controls the flow of draining liquids to
direct them into a suitable first drain line 289, such as an industrial waste drain
15 line provided by the production facility. A gas trap 275 and overflow shunt line
291 are advantageously included between the valve 279 and downstream portions
of first drain line 289.
Liquids outflow subsystem 274 also includes the ability to controllably
direct outflowing liquids to a second drain line 287 using second drain control
20 valve 280. Second drain line 287 can advantageously be a specialty chemical
drain line, such as a drain line capable of handiing hydrogen fluoride aqueous
mixtures, which are extremely corrosive to many materials. The second drain line
is also preferably fitted with a gas trap 277 and a flow sensor 281.
Third Processing System - Vapor Generation & Mixing
25 Fig. 5 shows a preferred vapor generation and mixing subsystem 243 in
detail.  Subsystem 243 was simply shown in Fig. 4 with a first processing
chemical source supply line 285 and a second processing chemical source supply
line 283. First source supply line 285 supplies a first processing chemical, such
as an etchant mixture of HF and water, as described elsewhere herein. Second
30 source supply line 283 supplies a second processing chemical, such as isopropyl
alcohol or other appropriate solvent or diluent liguid. Although only two source
liquids are indicated in the embodiment of Fig. §. it is alternatively possible to
have a single liquid or more than two liguids.
The first liquid chemical source supply line 285 is connected to deliver
35 chemical to a first reservoir or storage container 307. Reservoir 307 can have

various features and constructions, such as described elsewhere herein in



The supply of feed gas to port 26 is preferably provided by a vapor
generator feed gas supply 27. Feed gas supply 27 includes a suitable
Source of 5 feed gas 33 Sui tabhle sources—of--feed gas fo_r._.{__h.e_p.lge.f_e.Fr_ed
cheni stries expl ai ned bel ow i nclude facilities gas sources for

nitrogen, clean dry air, or other gases whi ch are found to not
adversely affect processing within processing chanber

Al ternati veWPIMIABOsour ce of feed gas can be fromtanks o‘FC%?QF%ﬁ rs (not
shown) form ng a part of processor The feed gas from
source 33 is preferably passed through a Feed gas pressure regul ator 29
whi ch regul at e, l0giRr GRAUBGe! UmdoBRAGYE b RN iflentin.  NEig. 5 24BPHIows 2
generator. The feed gas from e pressure regulator is passed t hrough
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Fig 1 Val5venme%4sogl §ad 601. mwlwew adTHéSJ Qﬁsrtﬂxdpééwhdjﬁ‘edd%irr &tfibd Ohek at €S
of .the feed gas to

and the re p ener at or
stream from f{HE d‘éréf‘ata%q sec°ﬂf’tg?‘ﬁ$tﬁh\9‘8|c§] S‘éﬂ? Mhibds g’t"&?ﬁaﬁ”ﬂ’& | pipeessing
control |l ed feetiqgds tecont firsd aval seeoxdrvaper (geactatoR0 351 and 392 peliclgewitir & or 20

al so has a vapor %e,n%r tpr” ouhRYt 35. In the preferred form vapor
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port 36. 25 Vap®uee gémalatiae &&Ief‘"hﬁoﬂp"% fa?%oabaoé?vé%“’ cqnpined t iny gher

receiver into ydit@birs are Tvzhﬁ‘ed/axpchlhsa;gﬁﬂﬁﬁa@é eﬁbnilsxorfu&mess:ew qec;iuie@ué:@la@ste
separated fromthe |i F af enerator, 20 al so refer g

i ncl udes a souPc&®fF (fg Ffet’d JbA:Por © pu’ﬁ B SGPEL P ¥BPY %‘R/'Bf‘s Ent r ol
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liquid corrpg; gf et 21 to sense the level of the source 30 Iliquid. Level
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| evel detection. Thersscwdcecdndquipdr | geuedatoco 36t gind 4332akad inrlodaudemerrigpur ce

syringe pump 303. The metering syringe pumps provide accurate delivery of
processing liquids to first and second vaporizers 295. The preferred construction
of vaporizers 295 is illustrated in Figs. 6 and 7, and will be described in greater

20 detail below. The vaporizers produce vaporous mixtures of the processing liquids
with suitable carrier gas or gases, such as nitrogen.

In the preferred system of Fig. 5, nitrogen is delivered to first and second
vaporizer feed gas controllers 301 which are advantageously mass flow rate
controilers, which sense mass flow rates and suitable valve or otherwise control

25 to achieve a desired feed gas flow rate therethrough. The controlled flow of
feed gas passes through electrically controlled and powered heaters 299 which
provide heat and increased remperatures 10 the feed gases. The feed gas supply
lines can further be fitted with filters 297 which are ultra-small pore size filters,
such as less than 0.003 micron size. '

30 Reference should be made to Figs. 6 and 7 which show the preferred.
construction of vaporizers 295. The vaporizers include a tubular body piece 803.
Body piece 803 has a vaporization chamber 905 defined therein. The
vaporization chamber 905 is screened from an vaporizer outflow chamber 709
using a vaporizer diffuser screen 701. Diffuser 701 includes a plurality of small

35 diffuser vapor passages 707 which selectively pass vaporized processing chemicals

and feed gas. but serve to help retain any small droplets of liquid processing



i quid make-up port 38 which is advantageously formed through the container
top 25. Port 38 is used to supply source liquid from a source liquid
reservoir 43. A sourte liquid make-up control valve 44 controls the™
flow of source liquid from35 reservoir 43 to the vapor generator. Valve
44 is controlled using a suitable

9 el ectvbisgcatispr pneumatic relay or other controller gawisegtiedy) whi ch
opens the valve in response to a call for source liquid as sensed by

| evel sensor 41. Fig. 1 also shbfs that the preferred vapor
generator output 35 also I ncl udes a second vapor receiver. 37. Vapor

recei ver 37 is dhemireld rreseal dn ithe vBporizapien hatberof0St hd he ausflovarsbiarhbequizao

phases. It al sQ. S@Jnxsﬁe@sopa;ptoneér au%uonmes 609 CQ. &%) Aich b/ép%eCQa%'o?r 38
can be selected from several ﬁ%SSI | e cooler t such as

circul ati ng wat®XuEcief MXa2RbePRIER Yl beeﬂb‘aﬁé"rdnﬁ' gerater oretadh Hé‘P“’sui tabl e
types. Vapor cool er F§8 ﬁndsd h@howapthe rReRI@r cnburidinat I(ﬂ’ntlﬁs fam eg@ﬁl GR@t or
39 whi ch serves t rate excessij nts _of saur id which
my be 10 agSrion GepErart e AR orHS Sheet cof i HeBtrE eth Fov rultes
used and ot her annulapfiguil jeanpdssqpar 806etieosgh Eﬁﬁdhc(paicearsmgglupixdsrrhftati&&nObv
reduces the ri Svléntun chrso%' blFeed gas is supplied through vaporizer jet feed gas passageway
903. The size of the annular liquid jet passage is adjustable by screwing the
jet spool 809 inwardly or outwardly relative to the jet receptacle 810 formed in
10 the end of body piece 803. Processing liquids are supplied though vaporizer
liquid inflow port 807. Inflow port 807 is in fluid communication with annular
passage 806. |

The vapor generator outflow streams from vaporizers 295 via lines 609 to

a combined vapor mixer and diluter 293. Vapor mixer 293 is shown in detail
15 by Figs. 8-11. It includes a mixer body piece 1001 which has a first vapor
generator stream input 1005, a second vapor generator stream input 1009, and
a diluent gas input 1007. Diluent gas is supplied via a diluent pas mixer mass
flow controller 391. These inputs can. advantageously be accomplished with
threaded fmings.907. Mixer 293 also has an outflow port 1003 with associated
20 fitting 909.

The inside of mixer body 1001 is provided with three convergent input
passages adjacent to ports 1005, 1007, 1009. These preferably converge at
convergence angles of less than 60° of arc between each other. The preferred
construction shows the vapor mixtures are advantageously fed into the diluent gas

25 line which is directly aligned with the outlet port 1003. The angle of
convergence between the vapor mixture passages and the diluent gas passage is
preferably less than 60° of arc and each is preferably at a similar convergence
angle. | )

The outflow port 1003 is connected to processing chamber mixture feed

39 line 405 which is connected to supplies 202.
Preferred Processing Methods

The invention includes methods for processing semiconductor pieces to
remove material therefrom. The methods include preparing a suitable liquid
source material from which vapors are to be generated. The preferred source

35 liquid can be in the form of a single source liquid containing a mixture, or

multiple liquids can be used. each containing the same or dissimilar source liquid



condensation of liquids fromthe vapor generator outflow streamemtted
from vapor generator outfeed 35. First Processing System- Dilution

Gas—+-nfuser 15— The processi-pg—system—I10-al so pref erably—necludes a

di lution gas infuser 50 for infusing a dilution gas with the vapor
generator outflow stream Dilution gas infuser 50 preferably includes a
stream m xer 539 er 51 is connected in fluid comm%f@rsl on to
receive the vapor generator outflow stream M xer Y Rer
connected to receive a dilution gas from g~dilution gas supply 52. 20

M xer 51 further is connected in fluid comunication with processing

chanber vaneﬁstismm | @6 the fréfeREOUEABNAIRERRESHI AEnERRADSHN \ﬁpOf @Lxture
st ream whi ch process the sem conductor pieces 15.° M Xxer 51

u
can be of vari dﬁg’d s°“"PFec%|a‘ﬁ|‘i9§1p"&“t9n§f rau KBS O [uiAeaeus drydose thifliorige Badween

the streans beiissgrapykettohol. e @qleofzomryaxeﬁed hﬁomdw@rﬂhhﬂncérh&n@h%%ff the_an.
enl arged tee fIIqE NG A LEkNat 'a\xlxeldic ¢ Mo sdconstruct ed to provide
cycl oni ¢ m xi ng ‘bet ween tre two st %’éﬁ%w"sy ¢ provide BF 130t PSALTERIS ‘E‘G‘ﬁfﬂ y 52
t akes gas frdmAdthough abl mugowfc pewtntdgdsutreorepasd in 6i3. m&uut@usebsayr ces

of Oy rution  Jasedk@pic Weaft el Ahichle LGRS fhESe HRLAES nuorigDELPYLAC! ude

facilities gas _sources for nitrogen, air ot her
whi ch are found ﬁ?ﬂmP@a‘éHv’ér%IEIf?n@f pE33 l@rl?&eéz |vmlgmw t Fihin apfroa)messmtxgxre

chanber 12. 30 of Aatar s hYcﬁJ)%én fihRide oI mbAkd Ynl ytvbﬂﬂ\eg'?csbfs%nmb?atiorgmtanks
Oor reservoirs &not forming a part of processor The

dilution gas f }bem°§§9ﬂ}°c§’l‘§3‘ Pé"fiﬂa@#’e‘fs&’bl‘? ‘ﬁ&s‘g%‘ﬂ"d@h%cﬁ‘eféwga“’dm‘%t"rvéwon gas
pressure regul aherrabd athihehertiegulcaingsndnas Prere@vly einf RlativePrepeRdorL o teho!  Of

e otuser Theil! W8N SHRRALRC! IATLLE BLSSRR AT & 8 IS panted,
55 is in the f@Faf¢rably bi*r‘ t@ 2rlotratinst ey votaineh Tiedbpeaifie safidsOxve deptmdeal upbie
dilution gas. ud Qe SOPLEAL!SE organic solvent which are being mixed.
Alternatively, the etchant and organic solvent can be provided as separate
15 source liquids from which vapors are individually generated. This configuration
is shown in the embodiment of Fig. 2. In such embodiment, the first or
etchant  liquid source is preferably azeotropic aqueous hydrogen fluoride.
Alternatively, other mixtures of hydrogen fluoride and water can advantageously
be used. Preferred relative constituents of water and hydrogen fiuoride are in
20 the range of 10%-70% hydrogen fluoride as a percent by volume of total
etchant source liquid. The aqueous hydrogen fluoride source liquid is
semiconductor grade having very high purity.
The source liquid used in container 220 is preferably the organic solvent
which can be used either in full strength or diluted with some additional solvent
2§ or additive. The organic solvent source material is preferably made from an
alcohol which is more preferably an aliphatic alcohol. More particularly, the
aliphatic alcohol is advantageously selected from the group consisting of methanol,
ethanol, isopropyl alcohol, butanol, n-propanol. Even more preferably, the
methods are practiced using isopropyl alcohol. In the preferred processing the
30 second vapor generator container is used to store isopropyl alcohol without
significant additives or diluents. The isopropyl alcohol is preferably semiconductor
grade with extremely high degrees of purity.
Processes according to this invention also preferably include generating at
least one vapor generator outflow stream from at least one vapor generator using
35 a generator feed gas and at least one source liquid. The generating can in

some forms of the invention be even more preferably done by using plural vapor



10 55 advantageously has an integral dilution gas flow control

adj ust nent val ve 56 which is showmn schematically in Fig. 1. Valve 56 is
manual | y adj usted to provi de desired flow rates of the dilution
gas to m xer 51. Al ternatively, an automatically controlled dilution

gas control valve can be used. 5 Second Processing System - Cenerally

Fig. 2 showswerp7aisernative second processing system 100 aeCTushmgrs 0. this
i nvention. System 100 has a centrifugal processing machi ne subsystem 116
whi ch is the sane or simlar to subsyst®&m 16 descri bed above. C her
conponents or subsyst ens described above which are the sane or very
simlar to t ho$ENURSE iStrddasi ghowh b & ig-n2 cofndic BE 5Lt FRshR tdone usmghfirse

been number ed Shai deadldy sotirden iGl1@s whichagldi pictdtatf at hiekc "ol "etbibnt ReuAUNGL RIS

colum. Conponents whi ch need v addi tional description wl]l
now be consi deraég se°°’§e8£ﬁﬁﬂ‘°PF°gY?)éésﬁ%ﬂbcesy‘g‘f'@m Aligrnatively.o othgp Jumbare ot or s

Processi ng systvemrlgl?:eehtérfs ej’aﬁ Ber Omdpﬁvﬂnaﬁﬁ%r Idrd RssBaiied GsoPted ! Bjuidé 2Rty 15
generators 1?0 an doe erator 120 is intended to

gener at e ac\a/'épormﬁ‘élﬁ lgétdéstsmﬁ[ﬁf |6" lgg‘frgg?ﬁt%e"ﬁp% St of a first feed gas
and a first vapor Metinhischcirding apawhiszimderftiopniughés instuds cuppiging iafjliatk 322. A

second vapor g%gﬁ[gﬁt%r %?.?h is u§e§ thtﬁgdgech%t?mge&er te\'agbevagn rat renoeurta%l ch

out put stream conpri vapor
i s vaporized fSURt® CSeRBAlS: sdihec%‘PPquﬂle fzed 022czmer ERhée dhe/ ypmaT gyeem@raas or S

are simlar Wt prés€@8¥yddonk Oin TBRYerbRAt HaBSerdSuch as by controlling the operation

10 of valve 34 to provide a desired feed gas flow rate as indicated by rotameter
28. The supplying of feed gas to the vapor generator can further advantageously
include regulating the pressure of feed gas prior to supplying the feed gas to
the vapor generator. _

Methods according to the invention further preferably include directing the

15 feed gas against source liquid held in the vapor generator. This directing step
is performed in a manner which provides for interaction between the feed gas
and the liquid. Such 'fnteraction is advantageously accomplished by directing the
flow of feed gas across the surface of the source liquid along a tortuous path
which induces good vapor t‘ormaﬁén.

20 The processes according to this invention can further include controllably
regulating the level of source liguid within the vapor generator to achieve a
desired liquid source level therein. This regulating step in particular is
advantageous when the vapor generator utilizes a feed gas director, such as feed
gas director 30. Feed gas director 30 partially defines a flow path adjacent the

25 top surface of the fluid which is elongated relative to the available fluid surface
area, such as by using the tortuous spiral flow path described above or other
convoluted flow path configurations.

The generating step can also preferably be practiced by heating the vapc;r
gencrator or plural vapor generators, such as by using heating units 161 and 261.

30 Desired temperature ranges will typically be 10-200°C, more preferably 20-100°C.
The specific range will vary dependent on the source liquid.

Preferred methods according to this invention still further include
exsiccating one or more of the vapor generator outflow streams to reduce the
degree of saturation existing in the stream due to vaporization. The exsiccating

35 step is advantageously accomplished by passing the exiting vapor generator outflow

stream into a receiver and then performing a cooling step upon the outflow



conpared to vapor generator 20. Additions have been nmade in the hundreds
colum of 1 and 2 for the respective features of generators 120 and 220

whi ch are siplar.as those desc-bed—abeve- for vapor—gemerator 20.
Addi ti onal expl anation is given belowwith regard to differences
bet ween generators 120, 220 25 and vapor generator 20. Sour ce

liquidis s |jed to the vapor generator liquid corrpartn&qﬁs and
221 using a%‘g#gﬂgﬂgt nodi fied first and second vapor genera o?&?‘égd gas
supplies 127 and 227. Each such supply takes feed gas fromthe respective

feed gas sources 133 and 233 and passes the incom ng feed gas through
mass flow 30  gQod ol |ﬁ{1§ &%ﬁngﬂr&%pZ?&;foﬁﬁépae%hye%Lxxg fubEt®nMBRRR rOWbves
controllers nonitor and govern | ow of ed gas to a preset

del i very rate. Y2PRARUSt squgge Agpyd sfé?!’(‘JrfBe °“‘ﬂ°f"ééﬁea"gé%é§e t"'l’i@ﬁ‘ 958 i nftoabsapor

gener at ors whi akhiénay @hé nfesiredadegfe@Nstt sathhiicinSorade vapord@iané kedingbeyg thé -
connection wth vapor generator 20. Vapor generators 120 and 220
al so differ frﬁﬁ?dtﬂésrator 20 in bei ng 35 constructed with added heati ng
units 161 and 261. Mdeatds ngcarding So 1tGiks mmehtid6 Lfurther pretergbieiehuabl dilutiheratal | y

'125‘“ ated and proviged. 4t Eene?ﬁ? tPLARLE st B Cust £ 0B gas. such as supplied

by dilution gas infuser 50. The dilution gases are selected from gases the same
or similar to those indicated for the feed gases. The degree of dilution which
occurs is preferably controlled by controlling the relative amounts of dilution gas

10 being fed with respect to the vapor generator outflow stream or streams being
diluted. The diluting step can also be enhanced by regulating the pressure of
gas being supplied as the diluent gas. The diluting step also preferably includes
measuring the flow rate of the diluent gas being supplied during the diluting
step. _ _

15 Novel methods according to the invention also preferably include mixing
a plurality of streams to provide a generally homogeneous gas and vapor mixture.
The mixing is preferably done prior to introducing the stream into the processing
chamber at nozzles 17. The mixed stream is utilized as the processing chamber
vapor mixture supplied to the processing chambers, such as processing chambess

26 12 and 112. The mixing step can be performed using one or more stages. For
example, by mixing two vapor streams and then in turn mixing the resulting
stream with a further stream. Mixing can be performed using multiple vapor
streams outflowing from multiple vapor generators such as vapor generators 120
and 220, or more generators. The mixing of plural vapor streams can be

25 coincidental with mixing with 2 diluent gas source or diluent gas can be done
stage-wise, as is most desired. In the preferred embodiment described in
connection with Fig. 2, the system simultanecously mixes vapor generator outflow -
streams from two vapor generators while adding diluent gas from the diluent g;ls
supply. '

30 The mixture of vapor streams can be done in various proportions as are
found desirable for the particuiar chemicals and processing requirements which
apply. In the preferred chemistries of silicon wafers, HF, water, and isopropyl
alcohol; vapor flow rates of 1-100 liters per minute (lps) are typical. The
delivery flow rate of processing vapor stream to the processing chamber will vary

35 depending upon the volume of the processing chamber, the number of wafers or

other pieces being processed, and other parameters of the system. Relative flow



received portions of the containers 123 and 223. One or nore

el ectrical resi stance el enents 163 and 263 are included along the
interior walls of the—-- receptacles allowng heat to be input totThe
contai ner and source liquid held t her ei n. The operating
tenperatures of the liquid conpartnents of the 5 containers are
preferably rgguwhaigs by thernostats (not shown). PCIPoghd3y s 123
and 223 are al so advantageously provided with liquid conpartment drains
159 and 259, respectively. Drains 159, 258 are preferably provi ded

. With drain val ves 158 and 258, respectively. Second Processing System -

Stream M xer 10ates of 1pPowed8ilngauspss durog@0 flabsds: diledhel sard riprferadphromessisi ng
system 10 Wi t hng&@odkfravly, rEQti&eh]’fiov"?t{aFég_ If X802 L2k usedt Eﬁ%??ﬂ?ﬁﬁ%@}

serves not only as the infuser o i lution gas supplied 1on
gas supply 152 telstive dloworases af y@ptt 2t peamsed.  nixer. Alternatively, the:

dilution gas infusenanshsVaAROMing! foCB inWniRh GARePRclude sﬁ@ﬁﬁﬁétaep:%@&sing
di stinct parts&fmﬁhe systens. Streamm xer 151 is a fluid conduit 15 ~and

m xi ng appar at §7c FITERD ORoVAROh RINPER O PG RERERSSings CRIpRErs | npRit suprivias

of m xer 151 i sactibwe if ipFeférabia et fogREE MallOrthdpasteksing 7chambeC s inS aCapisfifagy to
t he out put cho3s5 fcggcmifrilrst vapor generator 120. A second input branch of
m xer 151 'S f?’le Seddhd vapor generator branch 172 which is connected
to the output 235 Thefprormsszr oathodapor figdreiriude v2@hg et grbeedsing) phutmblar anch

or dilution inpyt n 0,473,1 c i ' s f.rom
di | uent gas suppl ﬁmz”t age of O%re.t ﬁr&gmgnéﬁag’l‘}’:egu{&%rﬁ‘a&gﬁgﬁ%ﬁ%“&#‘%r‘F"i51
i s connect ed?t (yrpq%fésixm gh\gxgbgr.ngT@ﬁéméyamageoq;gp@neSt@;,plgqiliizéx!g yems 19 and 119.

The diluent gas supplhy hedoldcbdéeBig o GinksUBRNENBRAS iSO Pr&iCrad §3indilde G0 RS
flow controller 155. Mass flow contraoller 155 regul ates thé flow of diluent

gas 25 to a pr dEetSBIFARMAHGMHEBILT QST FHESES B PENnPTFRSSGIa WEDIBT thenPrOFsssipg
bei ng passed  chainb&t eThisOlQlivantageoddly H6hePbPCESNG1TY Y €8 sufpofe€ Saifdty
ivﬁstsﬁla form 15 E»I'hgé slxlmt?lpa%\é\gus yn%xtx;pp?;inf rtheef eprnr)ceegsirggmgl?a%brg?nsttreg;l. tsﬂ& Iagv\%an tion
15 chamber nozzles 18. The rotating step preferably is performed at rotational
speeds in the range of approximately 10-1,000 revolutions per minute (rpm).
More preferably, the procéssir_lg occurs at rotational speeds in the range of 100-
500 rpm.
The processing further preferably includes directing the processing stream
20 from a plurality of nozzles at a plurality of points within the processing chamber
which provide enhanced vapor delivery uniformity within the processing chamber.
The processes according to this invention further include processing the
semiconductor pieces for a sufficient amount of time to effect the desired =
amount of etching or other semiconductor removal. Typical processing times are
25 in the range of approximately 1-100 minutes; more preferably 2-60 minutes.
Example 1
Processing occurred in a processing system similar to that described in
Fig. 1. A centrifugal semiconductor processor was used to hold the wafers and
form an enclosed processing chamber. The processor was designed for processing
20 with hydrogen fluoride aquecus mixtures. A vapor generator was charged with
a mixture of a) aqueous hydrogen fluoride (49% HF, 51% water, by volume).
and b) isopropyl alcohol; in a ratio of 1:1. Nitrogen gas was used as the vapor
generator feed gas at a supply rate of 20 liters per minute {(lpm) at a pressure
of 10 pounds per square inch gauge pressure (psig). The feed gas was blown
35 across the surface of the liquid source under a feed gas director similar to that

shown in Fig, 3.



of a processor 200. Processor 200 includes a processing vessel 201

whi ch 30 encloses a processing chanber 209. The processing vessel which
ca . ' ct i-ofas—eand—preferably i ncl udes—a—controettabl e
front door (not shown) which allows the processing chanber to be cl osed
to thereby form a substantially encl osed processing chanber. In the

enbodi nent swmﬁpopessor. 200 is a single station Ol’l,cqtﬂgblé/&s,);orn’i ng a
part of a larger nmulti-station 35 processing system not otherw se”Shown but

sol d under the trademark MAGNUM by Sem2t ool of Kalispell, Mntana. A
| ar ge nunber of other processing vessel

12 and systens Ei@gfohgwisafdrmﬁﬁ pddv@ded 05y iﬂb)lri]@ gﬁdi thE I vaprapdr i obBe

i nventive syste escrihe reip. ... i.rd Processing, System -
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rate was approximately 22A per minute. Particles were measured before and
after the processing using an ESTEK CR-80 particle measurement system which
measured particle larger than or equal to 02 micron in diameter. Pre-processing
716 particle counts were 18, while post-processing counts were 27. This provided an
average addition of 9 particles per wafer. Particles of 0.2 micron or larger size
were counted,
Example 2
Processing occurred in a processing system similar to that described in
15 Fig. 2. The first vapor generator was charged with a azeotropic aqueous
hydrogen fluoride (384% HF, otherWise water, by volume). The second vapor
generator was charged with isopropyl alcohol. Nitrogen gas was used as the
vapor generator feed gases. The supply rate to lh-e first vapor generator was
20 liters per minute. The supply rate to the second vapor generator was 10
20 lpm. Both were supplied at a pressure of 10 psig. The feed gas was blown
across the surface of the liquid source under a feed gas director similar to that
shown in Fig. 3.

Dilution gas was additionally provided by mixing it with the vapor

generator output streams at the rate of approximately 10 Ipm of additional
25 nitrogen gas. The dilution gas was supplied under a pressure of approximately
10 psig.

The processor rotor was rotated at a rotation rate of 300 rpm for 3
minutes 0 seconds.  Silicon wafers were processed as described and the
processing ‘resulted in average oxide removal of 98 A. Removal rate was

3¢ approximately 33A per minute. Particles were measured before and after the
processing using an ESTEK CR-80 particle measurement system which measured
particles larger than or equal to 0.2 micron in diameter. Pre-processing particle
counts averaged 46, while post-processing counts averaged 54. This provided an
average addition of 8 particles per wafer.

35



their nunber may vary as processing requirenents indicate. Al though only
one 10 supply manifold is shown in the schematic view of Fig. 4, it is

alternatively posSTbBIré"to include a plurality of nanifolds each of
which can include a plurality of nozzl es. Processing fluids
are delivered to the processing chanmber fluid supplies 202 froma

desired proc®E9mgigol uid or vapor supply subsystem 243. | neetesopuasherred 15
construction of Fig. 4. there is a single processing vapor supply which is
generally indicated by block 243. The p &ferred systens according to
this i nvent hon Brgw de processing fluids in the form of vaporous

m xtures of one nore chemcals in conbination with a carrier gas.
The systens use vapoPmuasmg ocBirxddu ire @Gdtes’saﬂged/stelfnr similat it6|Udhel dBé’cQS&ﬁSB ng
chemi cal s. i qmrge OGS ssmég . E Se PN S ot gener ﬁ
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processing fl ui rsuprley isdgraphiicdholivlal nor usaﬁtméﬁaa.sb@fi B sexfegls ¢ Rghpw N
a preferred formand construction, it should be appreciate at there
can be a plural {R‘y spent, i g prsfersed Eipsesses ppf yhggipventionge REripBERedt 0 a
si ngl e mani f ol dodh@bwiar sifatiseEamprUPPl Y processing fluids to a number
of such mani oI ds. h}&r natively, W&ug‘g er_.of SUPSI ies 243 can be fed 30 to
a single or mJI tipl eP HIRn B Jas oy Mixing, fogitlonal RiLRs . BASi Viklntht ¥epor
suggest . generatdihoupuocess Y t5y Shtenofi sppadxiroatply efoe pabloy axtdp¢h dedtha t h
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approximately 46A per minute. Particles were measured before and after the
processing using an ESTEK CR-80 particle measurement system which measured
particle larger than or equal to 0.2 micron in diameter. Pre-processing particle
counts averaged 37, while post-processing counts averaged 2364. This provided
20 an average addition of 2327 particles per wafer.
This indicates the surprising benefit of the.prefcrrcd processing using the
organic solvent vapors in combination with the etchant vapors.
Example 4 _
Processing occurred in a processing system similar to that described in
25 Fig. 2. The first vapor generator was charged with a azeotropic aqueous
hydrogen fluoride (38.4% HF, otherwise water, by volume). The second vapor
generator was charged with isopropyl alcohol. Nitrogen gas was used as the
vapor generator feed gases. The supply rate to the first vapor generator wés.
20 lpm. The supply rate to the second vapor generator was 20 lpm. Both
30 were supplied at a pressure of 10 pounds psig. The feed gas was blown across
the surface of the liquid source under a feed gas director similar to that shown
in Fig. 3.
Dilution gas was additionally provided by mixing it with the wvapor
generator output streams at the rate of approximately 25 Ipm of- additional

35 nitrogen gas. The dilution gas was supplied under a pressure of approximately
10 psig.



13 As shown t he washdown or mai ntenance fluid source 206 includes a

facilities dei oni zed water supply 233, and a shutoff valve 231 which is
contraolled tQ appropri at ely pass—or—shurt—dei-oni zed water—stppt—ed—From
primary supply 233 The outflow fromval ve 231 passes via conduit 229 to

a deioni zed washdown 5 flow control valve 225. A flow detecting switch
227 is pref i ncl uded upstream of val ve 225 for ow of
fluid in Ii S‘é&@ﬁé.‘do Fig. 4 al so shows a deioni zegggg} g‘?wé ppI y
recycl e subsystem whi ch includes an agjyustable valve 271. A secondary
source of deionized water 239 is supplied via a filter 237 and check

val ve 235 to valve 2{d.pWei: Wat&r was rdiednQt eb%dago@uml 'oﬁdSOV'r;ﬂnVi%er&) 231,
then the water erabl relrculated at a flo Tate via

re
val ve 271 to om"?‘fg ‘3’8"“ Thi SHERG nYaffiss “effe H%?eéﬁ?f’zéﬂ des‘"%ﬁt érdsthspl y
wi th fresh wat @rocesingngesaited nml avamembﬁdeofreiaaﬁm esfi aB2 develrRepi®at rate  was

Control valve 225 i.s a vant ageousl d wth a pur ge vaI ve
223 which is c8MTOIFed %R Bgoﬁ“'ﬂ'ﬁghﬂﬁﬁpﬁ‘ﬁ MhRict F‘S&sé’ﬁe‘{)???g’
val ve 15 22%, ptdtesstixgmmgr eaBSTEKe £R- M@aatcteamhadrqmmcemmgvmdinambmure‘d UI d

zggp{/: :S| |22(23 55 art%fg ﬁL&@rxhsrh%mquIl P8 micrdl G QGRS ?H:p;g‘ !:e%gmé Partdle’ ©

counts averaged 6, while post-processing counts averaged 21. This provided an

average addition of 15 particles per wafer.



a nitrogen supply mani fold 263. Third Processing System - Nitrogen
Suppl y The nitrogen supply manifold 263 supplies nitrogen to
supply line 221 20 The—supply branch line 221 atsopreferably includes a
pressure regul ator 213. pressure gauge 215, relief valve 217, and
filter 219 used to provide cl ean nitrogen of desired pressure. Simlar

conponent s arwoatgaseised on nitrogen supply lines 249 pgfyédddesr

Ni t rogen supply line 403 services processing fluid suppl y subsyst em 243
and will be explained nore fully bel ow. 2524 Ni trogen supply line

249 provides a small flow of nitrogen to the processi ng chanber as
restricted by flow control orifice 269. CbadMSof the flow via line 249

is used to gently pugge th%r@ée@ﬁ@é@s% GharRame Y bP sthicsRR60, t p(?eces withCaoVe

noi sture and maintain the chanber inh a state of | ow contam nati on
Anot her part of YERPEOYS B\RHYFF aSOPRINg49 goes to a static el ectricity.

suppressor (not 30  &hmweelsingo vabbed Siapet @ulﬁ&%uﬂ@vﬁd’f&e.ﬁ adplotQtigptchahiet ri cal

charge than t e electr cal as. Wt ot herwi se” i s supplied
to the pr OCESSI ng kéﬁb‘g’re l‘q““gw‘gce gﬁngﬁ"(‘ﬂdl“é& BIECES {ifwd used & pradugiag 245

i's used to reli ewevapomedsomtkizé3 of pressure when operational paraneters
require such. at least one vapor generator; said at least one vapor generator hav}rﬁg:

a vapor generator evaporation chamber;

a source liquid metering supply for supplying a metered amount of

10 source liquid from the at least one liquid source to the evaporation

chamber;

a vapor generator feed gas supply through which a controlled
amount of at least one feed gas is supplied to the vapor generator for
mixing in the evaporation chamber:

15 at least one processing chamber vapor supply in fluid communication with
at least one vapor generator to receive at least one vapor generator outflow
stream therefrom; the at least one processing chamber vapor supply serving to
supply a processing chamber vapor mixture to the processing chamber.

2. A processing system according to claim 1 and wherein the source

20 liquid metering supply includes a metering pump.

3. A processing system according to claim | and wherein the source
liquid metering supply includes a metering pump which is a positive displacement
metering pump. .

4. A processing system according to claim 1 and wherein the source

25 liquid metering supply includes a metering pump which is a positive displacement
metering pump with sensed control of the amount of fluid actually displaced from
the metering pump. ,

3. A processing system according to claim 1 and further characterized
by at least one diluent gas supply connected to mix with the processing chamber

36 vapor mixture supplied to the processing chamber.

6. A processing system according to claim 1 and further characterized
by at least one vapor mixer in fluid communication with the at least one vapor
generator, for mixing the at least one vapor generator outflow stream with
another constituent to produce the processing chamber vapor mixture supplied to

35 the at least one processmg chamber vapor supplv
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Third Processing System - Processing Chanber Qutfl ows Fig. 4
further shows that processing chanber 209 has a gas outflow or exhaust
line 273. The flow of exhaust gas from the processing charber—s—
controlled by an exhaust control valve 267. The outflow of valve 267
is 5 connected to a fragishdtH£Bec8RBAMSt |ine 265. The facilities
exhaust line is pr ef HE%HIBER L d at a vacuumto renove gas fromthe
processi ng cl2ifnse Dlm ﬁﬁﬂgﬂiﬁgessi ng chanber al sPFAS%167 i qui ds
out f | ow subsystem 274. Th Ou%é{ ow subsystem 274 includes a
drain fitting 276 which is shown sche Ically. The drain fitting
allows liquids to drai n ,f : i o 0.4.:6h r | gw_of .
draining liquids i sF;'cont ?o?lfagg(fﬂg %Bﬁf)r’?%géozg@%d&c ]aéﬁbgghgrfgflgg a’arﬁeo%ed
control. As sh®¥h, the drain flow control includes first drain control

val ve 279 and secgaghligr 8i Qa&ﬁn%erhg}atd&@sl ve 280. The first
drain control valve 279 controls the flow of drai ni,nﬂ liquids to  direct
theminto a suitabl & fif35tOngr X497 | HEr dBofluid eqmmumnicafion nwiths tthe aplutadist of

drain 15 |ine vapavigdedtadoys tehergeeioelugt promlifyacifl viper fen@asor reRPAY St
overfl ow shunt tkérggom o 291 ar g a?vaﬁnta eouslg I ncl uded between the val ve
279 and downst réa B8t {4 REne the plurglity §f Vaper penefaly QYHow streams 1o produeey i gs
out f | ow subsysttkenp2atéssirigs chambet e mixeurebi | ity to controll ably di rect

outflowi ng liquids g0 a gegond bl | 8 ai,n._control 20
val ve 280. Second grai n Illﬁge ?géiil%:san aagc\%%‘t%éegctars}?yp%gg)gggg%c?haaﬁcgf"ledo
chem cal d¥in line, such as a drain |ine capable of handling hydrogen

fl uoride aqueous a prurslity’ &S vapthi geleldes;ext renel y corrosive to many
materials. The second drain |ine is also preferably fitted with a ?as

trap 277 and a flow?sdffshronggyapor mixqhip iy FoguwinFgtiasy Syidmtbe \Ripglity o

Gener ati on & Mvipdrg g@ferators to rebtige D SIHANE B PIRLLT FREra¥AP QM AN GERLHMON

and M xi ng subsystelh £ mklls me pAEhA or vastioseLET 2R3, HaS 81 PLY Snovn

in Fig. 4 with a %I Pstor gPiEEe J85 ﬁ’g‘ Y ofarg c%ﬁy BRIy ¥BIRYUPHFY™ RSk and

a second procedRs pgecessingi drmbsowame wixppe;y line 283. First source

supply l'ine, 285 suppl 163 &nt! Biﬁenprﬁgeﬁxﬁbf}gc&mgmfatlo’ o Glhin the processing
chamber vapor mixture supplied to the processing chamber.

9. A processing system according to claim 1 and further characterized

~ in that there are a plurality of vapor generators.
10. A processing system-according to claim 1 and further characterized
20 in that there are a plurality of vapor generators, at least two of the vapor
generators being adapted to generate vapor generator outflow streams which are
formed using plural source liquids which have differing chemical constituencies.

11. A processing system according to claim 1 and further characterized
by at least one heater which provides heat to at least one component of the

25 processing chamber vapor mixture.

12. A processing system according to claim 1 and further characterized
by at least one heater for heating gas which passes to the processing chamber -
via at least one vapor generator. )

13, A processing system according to claim 1 and further characterized

30 by at least one heater for heating feed gas which passes to the processing
chamber via at least one vapor generator.

14. A processing system according to claim 1 and further characterized
by at least one rotor at least portions of which are mounted within the
processing vessel for rotating an array of semiconductor pieces therewithin and

§5 for agitating the processing chamber vapor mixture supplied to the processing

_ chamber when said at least one rotor is in a rotational mode of operaticn.
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as an etchant m xture of HF and water, as described el sewhere herein.
Second 30 source supply line 283 supplies a second processing chem cal,
such as isopropyl "~ al cohol or other appropriate solvent or diluent
l'iquid. Although only two source liquids are indicated in the

enbodi nent of Fig. 5. it is alternatively possible to have a single

| i quid or nomeo dimmmeot wo | i qui ds. The first |iqupdrossensseal
source supply line 285 is connected to deliver 35 chemcal to a first
reservoir or storage container 307. Reser¥8ir 307 can have vari ous
features and constructions, such as described el sewhere herein in

15 connection Wit h tPResessighRsfeetcerdse tonhflaim Ayandt fugher chapegerized g so
shows a SECHNA pRESAHY Qf IprofessdOCRGes VAbay BRIplLSL Ghivhi Aldw! BECHNBSsing
chem cal fromline 283 and is used to store the second processing

li qui d. chambey (Yapar, qriglEo il PesBeiced 367 RAIPIOIASARD2HET0E at ed -
reservoir outf| paradity of meszibQ@sidegt. 601. respectively. . These first and
second reservoir outfdow, | ine serve as fior §l1é‘ a dan

chemical supply |ine‘fsé‘m"‘clr?lr%"ﬁ%b"lgysyﬁ‘%c%s?%ﬁ g to' Sip}' 4 gngcv Béhn' b e tleagh
second vapor ge¢mr arpars g8Biatands I&zharhclercwdrizéd thg an injector for mixing source
liquid with the at least one feed gas. '
17. A processing system according to claim 1 and wherein the at least
one vapor generator is further characterized by:
10 an injector for mixing source liquid with the at least one feed gas to
provide an imjector mixture;
a vaporizer plenum for receiving the injector mixture from the injector
and providing vaporization of the source liquid contained in the injector mixture.
18. A processing system according to claim 1 and wherein the at least
15 one vapor generator is further characterized by:
an injector for mixing source liquid with the at least one feed gas to
provide an injector mixture;
a vaporizer plenum for receiving the injector mixture from the injector
and providing vaporization of the source liquid contained in the injector mixture:
20 a diffuser positioned to influence fluid flow from the vaporizer plenum to
effect increased homogeneity in the at least one vapor generator outflow stream
emitted from the at least one vapor generator.
19. A processing system according to claim 1 and wherein the at least
one vapor generator is further characterized by:
25 an injector for mixing source liquid with the at least one feed gas to
provide an injector mixture;
a vaporizer plenum for receiving the injector mixture from the injector
and providing vaporization of the source liquid contained in the injector mixture;
a diffuser having a plurality of diffusion passages positioned to restrict and
30 mix fluid flow from the vaporizer plenum to effect increased homogeneity in a
vapor generator outflow stream emitted from the at least one vapor generator.
20. A processing system for treatment of semiconducior pieces with a
vaporous mixture, comprising: |
a processing vessel which substantially defines a processing chamber:

35 at least one liquid source for providing a source liquid used in producing

the vaporous mixture:
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described nore fully bel ow Reservoirs 307 and 317 are

advant ageously supplied wth smll_purge or 10 vent flows froma clean dry
airor_other suitable gas nmanifold 407 via—+eservoir purge—supply
line 408.  The vapor s-Thik Sttt HadeeeReplatedui ds contained in the

reservoirs are vented in %}lﬂgmﬁmm ‘9 manner, such as to a facilities .
exhaust s 308 ' flow of purge gas_through the upper
portions of %97\/]?@8 reser s preferably controlled uE?EF(BS%‘aéﬂoni r
vent control valves 304 and 15 314. 27 First and second vapor
generators 351 and 352 each include a netering syringe punp 303. The
nMetering syringe puiPRafll o IfHoRCEMertst; Aeld ¥elidasOlone vaph QERS RN halingui ds
to first and second_vaporizers 295. The preferred consF_ructlon ) of
vaporizers 2957F¥S; fqT SPPLipiRg ¢ nVapphEenEratigferd Batq and | idpaoves diquisedoi n
greater 20 depwithceba Gast dieevapap@enerefos qutliellGReAnt RO IgTVAPo IS So@fce t NE -
processi ng quhguqu ~ Wth suitable carrier gas or gases, such as

ni t rogen. ' In the preferred systemof Fig. 5 nitrogen is
delivered td first arigasse@aerpdocessingy cipanber erpdresdplyas fowidh teominbeicsiodaOdithi ch
ar e- advant ageo4{s W, I [ e ss.. .kl ow
rates and sui tablhe}ém\r/rg?e\g/ev{d%dr} %{rﬁga‘r%(\)/\ﬁ st% %ganH g? }g§§ O}tNg g@ﬁ?e%ég%@aeos"}[b%‘ﬁ feed
gas flow rat eSUeRBr Bersfeomythe athlsagopae @racessing| ehwmber vapor upplt gadnpasses

through el ect riugplyl ¥ pesuatsing! {rathbandapRVRlxRbe NBAHET SrodIngMh Shber.  Provi de
heat and mcreasedt?éerrp ratures to the feed gases. The feed gas supply

lines can further fi 't BECKHPH SYF9R SFOrding tQyslaip 2r3ad fupther ehamactered o
size filterm, by at Eaghomsdiluens gishappy. ABeditd kO ik mi®. thdProcessing ciR@ltef ence
shoul d be nad Ei and ich show th referre construction
of vapori zersevzaggr. “lfﬁgrevglﬁgﬁﬁdzgorsf 5 RE cﬁffé"gadfﬂﬁ’ﬁ{?ar body pi ece 803.

Body piece 803 H3s & pwepsing amtdnpaccocdiagriverclaB30 adffunker cHabrteized

The vapor igakd aachamat, 09 | e y.vaporizer outfl ow
chanber 700 s, ng gll?cva%(glf ?xggerr B ?‘?‘Bscg’&%g’élﬁcrégér? R

i ncludes a pl (#°8Fitey cf?f JHERE 135 o fleasscaney ApROF  prASEQe QUITDY \shieaih with

sel ecti vel yispamsticanodintd: Bf QeaRsd N pRREIGA! Gamber M8r tRRH983p1di L, SET Ve

to help retain any smal | droplets of |iquid processing
the least one processing chamber vapor supply.

23. A processing system according to claim 20 and further characterized
by:
a plurality of vapor generators;

20 at least one vapor mixer in fluid communication with the plurality of
vapor generators to receive a plurality of vapor generator outflow streams
therefrom, for mixing the plurality of vapor generator outflow streams to produce
the processing chamber vapor mixture.

24, A processing system according to claim 20 and further characterized

25 by:

a plurality of vapor generators;

at least one vapor mixer in fluid communication with the plurality of
vapor generators to receive a plurality of vapor generator outflow streams
therefrom, for mixing the plurality of vapor generator outflow streams to produce

30 the processing chamber vapor mixture;

at least one diluent gas supply connected to mix with the processing
chamber vapor mixture supplied to the processing chamber.

25. A processing system according to claim 20 and further characterized
in that there are a plurality of vapoer generators.

35 26. A processing system according to claim 20 and further characterized

_
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16 chem cals present in the vaporization chanber 905. The outfl ow

chanbers 709 are connected to vaporizer outflow lines 609 (Fig. 5)

whi ch pass the vapor ——~mixtures to a m xer 293, which Wl be described
in greater detail bel ow Fig. 7 also shows the preferred
construction of the feed gas and 5 processing |iquid conbining vapori zer
"jet 805. Thewnpoisigeer j et 805 includes an annul ar || oragydegissppassage
806 through which processing |iquids are drawn by venturi action. Feed
gas is supplied through vaporizer jet feed2@as passageway 903. The

size of the annular liquid jet passage is adjustable by screwing the
jet spool 809 isaRArEITY beingoademias dP yeenetate Vanar tgonerpfer jostflove geqamacyhactgan

formed in 10 tRem&ndsing pﬁ’nﬁﬁ'ly sﬂir@ecﬁqﬁ@s?whncﬁrmgscﬁﬂf&glglélﬁh‘l‘uﬂﬁ c@x(sﬁtu%H&? |ed
t hough vapori zer liquid inflow port 807. Inf]low port 807 is In

comuni cation with &inul & P'°C“Ss‘ﬁ&§¥%"g% aggygding to claim 2 "*?ﬁef“%f’écﬁha@é%éw&it or

out f1 ow st r eansvyf rapma\g,a@@suzeefes wiféh Prévidek et 6O%1tiGast oneacdiPIhéMesk wapor
m xer and dil uter 293. m xer ,293 is shown in detail 15 by Figs. 8-1

1. It incl u&esprﬁ“i’?f‘%f 'ﬁP% Bi4¥6E1 which has a first vapor
generator stream in@it 1@0processingcystain \2eqoodingenelaat @0 asd rfemimnari abptatre figHI0,

and by at least one heater for heating gas which passes to the process'ing chamber
via at least one vapor generator.

29. A processing system according to claim 20 and further characterized

12 by at least one heater for at least one source liquid.

30. A processing system according to claim 20 and further characterized
by at least one heater for heating feed gas which passes to the processing
chamber via at least one vapor generator.

31. A processing system according to claim 20 and further characterized

75 by at least ome rotor at least portions of which are mounted within the
processing vessel for rotating an array of semiconductor pieces therewithin and
for agitating the processing chamber vapor mixture supplied to the processing
chamber when said at least one rotor is in a rotational mode of operation.

32. A processing system according to claim 20 and further characterized

20 by 2 plurality of processing chamber vapor supplies which allow the processing
chamber vapor mixture to be introduced into the processing chamber at a
plurality of nozzle positions.

33. A processing system according to claim 20 and wherein the at least
one vapor pgenerator is further characterized by an injector for mixing source

25 liguid with the at least one feed gas.

34. A processing system according to claim 20 and wherein the at least
one vapor generator is further characterized by: |

an injector for mixing source liquid with the at least one feed gas to
provide an .injector mixture;

30 a vaporizer plenum for receiving the injector mixture from the injector
and providing vaporization of the source liquid contained in the injector mixture.

35. A processing system for treatment of semiconductor pieces with a
vaporous mixture, comprising: '

a processing vessel which substantially defines a processing chamber;
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a diluent gas input 1007. Diluent gas is supplied via a diluent gas m xer
mass flow controller 391. These inputs can advantageously be _
acconplished with threaded fittings 907 M xer 293 al se—-has—an—outfl ow
port 1003 with associated 20 fitting 909. The inside of mxer
body 1001 is provided with three convergent i nput passages adjacent to
ports 1005, 1007, 1009. These preferably converge at conver gence

angl es of | S¥Q9%UK4# 60[err] of arc between each other. THETTRHIEST%Rd
construction shows the vapor m xtures are fqivant ageously fed into the
diluent gas 25 Iline which is directly "aligned with the outlet port
1003. The angle n tq ) ; S es
and the dil uent gasaggcsaétaﬁréec;ag%%sg&p%g?j ggaﬁﬁsplsggkgy ;{ﬁgﬁl ldGSE %‘?Hé{?%{%gn f?‘gach
i s preferably dhe ara¢essingchaobaretogseRidy a progagging, chamber vapor mpgereots fthow
port 1003 is cqopRRehRdchimuef.0ocessi ng chanber mxture feed 30 |ine 405

whi ch is connected to _supplies 202. Preferred Processi ng Met hods

The invention i ncl ude&rsetdRBt sEeneRIos e 8iEFAIINg ofri Bish d@Re 0 BERiTdieR oW flow
remove nat er kalsiredier efid Ofitst vip® B8iePNES hiatifig Ll deddr @Rasupily ahsupt alié lak qui d
source materi al ftrom P"’hd ch vaporz. ‘ﬂ]r‘ﬁ to be generated. The preferred
source 35 |iqdftft 4R B iEA° (HhERPEF R8P4 single source Iiquid containing
a m xture, or mal finspliquill i spurcdsfoe asnpplging e dirst sasive cliguidaitmithg firhevapane or
di ssim | ar sourgggerLtiogui d

a second vapor generator for generating a second vapor generator outflow

10 stream; said second vapor generator having a feed gas supply through which at
least one feed gas is supplied thereto;

a second liquid source for supplying a second source liquid to the second
vapor generator;
at least one vapor mixer in fluid communication with the first and second

15 vapor generators so as to receive at least portions of the first and second vapor
generator outflow streams therein for mixing; said at least one vapor mixer
serving to produce a processing chamber vapor mixture which is supplied to the
processing chamber through said at least one processing chamber vapor supply.

36. A processing system according to claim 335 and further characterized

20 by

at least one vapor generator evaporation chamber forming a part of at
least one of said first or second vapor generators;

at least one source liquid metering supply for supplying a metered amount
of source liquid from at least one of said first or second liquid sources to the

25 at least one vapor generator evaporation chamber.

37. A processing system according to claim 35 and further characterized
by:

a first vapor generator evaporation chamber forming a part of said first
vapor generator; '

30 a first source liquid metering supply for supplying a metered amount of
the first source liquid from said first liquid source to the first vapor generator
evaporation chamber;

a second vapor generator evaporation chamber forming a part of said

second vapor generator;

_ _
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17 constituents. In the preferred version described in connection

wth Fig. 1, the liquid source 22 is conprised of a m xture of aqueous
hydr ogen fl uoride and i sopropyl al cohol. The aqueous hydrogen
fluoride etchant conponent of the | i quid source m xture can

advant ageously be provided as an azeotropic mxture. . 5 Although a range
of percentagegoanRseepPorted in the literature as being g§ ARG TR C, it
appears that the azeotropic mxture of hydrogen fluoride and water S

approximately in the range of 35 to 39% by 3@l unme. This azeotropic m xture
of water and hydrogen fluoride is conbined on a volunetric basis in ratio
W th the organi e sobndenturpr digeidaipkieriug edppln foheupmyilndsmaecair dinggnit 0

this invention. (}Qpe sItmﬁra,ucg 9&5..4 h&ﬁ&ﬁ@%@éonﬁolr@%n%ce S RS %e% 9&)' N

relative proportion t rganic sol'vent conponent in t nge of
approxi mat el y 1:88N413{08:eyapertign phamber. preferably 1:2 to 2:1, ratlos by

vol ume. The specificsgati Qsprﬁ&ﬁsxgéa@ﬁﬂq‘?mcom%nto claim $818nd YRfhePfe hfrtaﬁpxqﬂtd and

organi ¢ sol vent which are being m Xed Al ternative
etchant and of g&¥i ¥ laftvert s%‘ﬁﬁ‘ tiguidr metediag SHBP'E PR SHRRLYING 2 @6\9F@eampwu| ds

from which vapefssoare ncnﬁu \itost at Iwasge,merat QG firsthdrS seond i1ig8it Aoufds to ar | S
shown in the egbodlnent In suych enbodi nent, the first or

etchant |iquid b e s prtgf e%éﬁBl gF aFE8YY o}APRT ABTTSBIY HYEROSYWR P RBPISe.
Al ternatively, aotdpectivaiyxtand esheodin hyelrsogren ifquisometeingndppiptisdiudz@n metering
advant ageousl y be used. Preferred relative constituents of water and
hydr ogen fl uori Je™8te in 20 the range of 10% 70% hydrogen fluoride as a
percent by vdfunme of 3%.0t ah processing bysttin awoudingeto flaigudd and Tirther abaregeszed

hydrogen fl uoriyge, RQur Sﬁe sJ)drgeL“lde' ﬁletedmg & lg%pgﬁﬂﬂmggr alggtﬁpe%v WAGunte Y

hi gh purity. source used in contaln
preferably the &ffqRice 'é‘b‘l“\/é‘ﬁf" at 'E%P% of #aid hidrsy S de@pd h‘él“‘dl pPUFEes|to the

strength or dil ut aehswiohd vagutegeaddidri apdraSed Viiber, and wherein the source liquid
metering supply includes a metering pump which is a positive displacement
15 metering pump.

40. A processing system according to claim 35 and further characterized
by at least one source liquid metering supply for supplying a metered amount
of source liquid from at least 6ne of said first or second liquid sources to the
at least one vapor generator evaporation chamber, and wherein the source liquid

20 metering supply includes a metering pump which is a positive displacement
metering pump with sensed control of the amount of fluid actually displaced from
the metering pump.

4]1. A processing system according to claim 35 and further characterized
by at least one diluent gas supply in fluid communication with the at least one

25 vapor mixer to provide diluent gas which is mixed to form part of the processing
chamber vapor mixture,

42 A processing system according to claim 35 and further characterized
by: '

a first vapor generator evaporation chamber forming a part of said first

30 vapor generator;

a first source liquid metering supply for supplying a metered amount of
the first source liquid from said first liquid source to the first vapor generator
evaporation chamber:

a second vapor generator evaporation chamber forming a part of said

35 second vapor generator; —— .
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25 or additive. The organic solvent source material is preferably nade
from an al cohol which is nore preferably an aliphatic alcohol. Mre
pacticul arly,—the. al-i phati-e—at-eehot—s—advant ageousl| y—setected—fromt he
group consisting of nethanol, et hanol , isopropyl al cohol, butanol,

n- propanol. Even nore preferably, the nmet hods are practiced using

| sopropyl ohnl In the preferred processing the 30 Sﬁg’f)ﬁ&s or

gener at or mﬁﬁﬁ’e"‘r’ is used to store isopropyl al cohol w thout i
significant additives or diluents. The is®propyl alcohol is preferably

sem conduct or grade with extrenmely high degrees of purity.

Processes accordi ng t&ohdlisbudcOVIRfild aiztedingOosuppBf i addbylyingca unkeegengafid@ink Nng at

| east one vapor, generator outflaw streamfrom at .l east one,vapor generator
using 35 a g€ e&‘étﬁfm’fdeé‘ﬁ”ﬁagq%{wcﬁoé? s?‘?a?@@@“%df’%%eltfqﬁf ccondy xapor
gener ati ng cargenerator evaperetiérorchantef: t he i nventi on be even nore preferably
done by using plur r . . . o :

16"° ™ Generators b SRPYne givent gas mupply jp fuid commnication, with the g Jeast
using first s onegpgposemixatl teopnotide | Jityanid sasvwhidh ir aixsd efoerfatst pag of rtBe or

et chant sour CeprhicQithd chamber MAFoPr mIgERNd Or gani ¢ sol vent source |iquid.
Al ternatively, other nunbers of vapor generators can be used with one

or nore associ at ed%3our @epquﬁﬁip%@ym @pcording to claim 35 and further characterized
by at least one heater which provides heat to at least on¢ component of the

processing chamber vapor mixture.

i 44. A processing system according to claim 35 and further characterized
by at least ome hearer for heating gas which passes to the processing chamber
via at least one vapor generator.

45. A processing system according to claim 35 and further characterized
by at least one heater for heating feed gas which passes to the processing

15 chamber via at least one vapor generator.

' 46. A processing system according to claim 35 and further characterized
by at least ome rotor at-least portions of which are mounted within the
processing vessel for rotating an array of semiconductor pieces therewithin and
for agitating the processing chamber vapor mixture supplied to the processing

20 chamber when said at least one rotor is in a rotational mode of operation.

47. A processing system according to claim 35 and further characterized
by a plurality of processing chamber vapor supplies which allow the processing
chamber vapor mixture to be introduced into the processing chamber from a
plurality of positions.

25 48. A processing system according to claim 35 and wherein the at least
one vapor generator is further characterized by an injector for mixing source
liquid with the at least one feed gas.

49. A processing system according to claim 35 and wherein the at least
one vapor generator is further characterized by:

30 an injector for mixing source liquid with the at least one feed gas to
provide an injector mixture;

a vaporizer plenum for receiving the injector mixture from the injector
and providing vaporization of the source liquid contained in the injector mixture.

50. A processing system according to claim 35 and wherein the at least

35 one vapor generator is further characterized by:
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5 can be simlar or dissimlar in their constituent make-up.

Met hods according to this invention further include supplying at |east one
carrier gas which ©s used in the generating of thé vapor generator outflow
stream or streans. The supplying of feed or carrier gas to the vapor
generators Is preferably done in a controlled manner, such as by
control ling WOg7048% ati on 10 of valve 34 to provide a d&€irrusss/fesmd gas
flowrate as indicated by rotaneter 28, . The supplying of feed gas to

t he vapor generator can further advantagedﬁ% i ncl ude regul ating the
pressure of feed gas prior as to t he vapor

g) | yi ng the feeoth
gener at or . an RS d®T dFHEet Jotife™HhvEhtd oY Wieh&ed psast r abl y
i ncl ude direct imgviﬂhenlﬁjecfoeedlxgmﬁ agal nst source liquid held in the vapor

generator. This di reg&rﬁo{ %Hdm for lsecg% 3{1% h'e'e%mr m%a sﬁ’é’ ie;:é,p row des

for interaction betwe i on
i s advant ageousang mwémplwasw@dnm Oﬂlthfe@dzurnfg ligwig Comamfrdl onv thé - ufjmd p&surecr 0ss

the surface gf the %oaagg&r'ﬂog.ﬂbﬁedahomu@néeomla%% ﬂrgrhhthe vapdAlkf iduduces

good vapor formati rocesses acco "'nvent i on
can further inciffsale incmasadohomgegeyeity in Fhﬂfgﬁl'l teastnepet yapor evreﬂlratef ogflemcardainqui d

W thin the vapumi@ed ot ke P I@thogyevagor genefRSY. red liquid source |evel
therein. This regul ati n% step fg'gart I cul ar advant ageous when
Z

the vapor generator 2t | %@C%fs”r‘%é&' §°§5’|‘4‘§%1‘%F‘a“’éGéﬁ“ﬁs‘”‘f"é%’d‘ at deqst
director 30. Fesd gpsr Ckleﬁcﬁﬁﬂoﬂns S(Dnmrénaeddeyxzdeh; nes a flow pat h adj acent
the 25 top syrface of th gated reIalFlve to

avai | abl e fI'0id sur1*13c}§uecwr {.’Jir'e'ﬁm%uf:%r%s%@i) u¥ihdne e ?ﬂt%ugeegﬁatsaw f1 ow

pat h descri bed mbade a0r inggetoermixture;convol ut ed fl ow path confi gurati ons.

The generating step, C o@ikéro RBE’ efo?blleé’m&ﬁg Rh&Gh %&SP nm’: Pe"f‘rtom“%theec‘{a or
generator or plural Rerators y' R&at’ I'ng nitE Y61
and 261. 30 Desqnﬂemrov@wpeﬁmrweon aﬁg’eﬂs sqHreg hﬂwnceatlalnyd e tll()irﬂ@@t[fempt}l(te nor e

preferably 20-100[ err diffuser hav&[@a ﬁﬁﬂﬁiyf bfcmaa&e p¥¥sdges \S@befon@@%ﬂ@ﬁﬂ& gy the
source liquid Preferred hods according to hi s

invention P ITix fuidfaw f’°f‘h6}feud%§’°“z"' BS‘?ﬁﬁ”Ec‘éZt FifRGt dRfEcased ﬁ‘ﬁﬁ“égedf“!t % avapor
gener at or out f | \@pos igéad¥r botflo@diste@nd BRitted from the at least one vapor generator.

52. A processing system according to claim 35 and wherein the at least
one vapor mixer has a mixing chamber and a plurality of mixer inputs; said
mixer inputs being in fluid communication with. a mixing chamber; said mixer

20 inputs being oriented to be in a convergent input pattern.

53. A method for processing semiconductor pieces using a vaporous
mixture, comprising: '

positioning an array of semiconductor pieces into a processing chamber
defined within a processing vessel;

25 generating at least one vapor generator outflow stream from at least one
vapor generator by combining a feed gas and at least one source liquid;
supplying a processing chamber vapor mixiure to the processing chamber;
said processing chamber vapor mixture including at least portions of the vapor
generator outflow stream;
30 rotating the array of semiconductors within the processing chamber in the
presence of the processing chamber vapor mixture;

processing semiconductor pieces within the processing chamber for sufficient
time to effect the desired result.

54. A method according‘ to claim 53 wherein said generating includes

35 controlling the amount of feed gas supplled 10 said at least one vapor generator.
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degree of saturation existing in the stream due to vaporization. The
exsiccating 35 step is advantageously acconplished by passing the exiting
vapor _geperator outflow streamlintoa—tescever and then—-pererrhg—a-
cool ing step upon the outfl ow

19 stream This cooling step perforns a condensing function which
renoves vaporous source liquid from the outflow stream to the extent
desired. |tW8%3480 ,chieves the desired degree of sat urB{F¥SHSA%B t he
vapor m xture comng fromthe generatqﬁ§. 5 Met hods accordi ng
to this invention further preferably include diluting at | east one

vapor generator outfskow At rRAFIUSIHRIR B lclich O3 GRSreinS 6D RReSURPlidGHies
by dilution gas infuser 50. The dilution gases are selected from gases the

same or si MoPPNipg the odmoynh Pl sewee flisuid HePRligddtogsdidsat o8 @agr wpobf
di I ution which generafpgcurs is preferably controlled by controlling the
rel ative anmounts of é?' | uti on hg}as 10 _ bei ng fed with r esPect to, the vapor

generator outflow stPeanf* BFOf ¥5pEIngetonfjaim 3 gilegtiF2ld SHneraiing UPFHeESst ep
can al so be enhancedoiyollitgyal Adw Ngtet bl fgde gsdkepplitd to safB st Hedsn@ns uppbi ed
as the diluent gg%mo'{pe diluting step also preferably includes

controlling a flow rate of source liquid supplied to said at least one vapor
generator,

57. A method according to claim 53 wherein said generating includes

10 combining a flow of source liguid with a flow of feed gas within an
evaporization chamber formed within the vapor generator.

58. A method according to claim 53 wherein said generating includes:

combining a flow of source liquid with a flow of feed gas within an
evaporization chamber forming a part of the vapor generator; said flow of source

15 liquid and flow of feed gas forming a source liquid and feed gas mixture in
which the source liquid is vaporized;

passing the source iiquid and feed gas mixture through a diffuser.

59. A method according to claim 53 and further characterized by:

generating a plurality of said vapor generator outflow streams;

20 mixing the plurality of said vapor generator outflow streams to form at
least portions of the processing chamber vapor mixture.

60. A method according to claim 53 and further characterized by
generating at least ome vapor generator outflow stream using a source liquid
which is a liquid mixture of different processing chemicals.

25 61. A method according to claim 53 and further characterized by
generating at least one vapor generator outflow stream using a source liquid
which includes an etchant and at least one non-aqueous solvent,

62. A method according to claim 53 and further characterized by
generating at least one vapor generator outflow stream using a source liquid

30 which includes an etchant and at least one organic solvent.

63. A method according to claim 53 and further characterized by
generating at least one vapor generator outflow stream using a source liquid
which includes an etchant and at least one alcohol.

64. A method according to claim 53 and further characterized by

35 diluting the at least one vapor generator outflow stream with a diluent gas.
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measuring the flowrate of the diluent gas being supplied during the

diluting step. 15 Novel nethods according to the invention also

preferably include mMXing - a’ﬁrﬁFallty of streams to provide a general ly
honbgeneous gas and vapor nj nRﬁlacedThe m xing is preferably done prior

to introducing the stredf ce55|ng chanber at nozzles 17.

The m xed stweamu4diso uti | ocessi ng chanber POIAEY/16579Kt Ur e
supplied to the processi | uch as processi ng chanbers 20 12 and
112. The mi xing step can be per for rred u3| one or nore stages. For
exanpl e, by mxing two vapor streams and then in turn mXing the resulting
stream with a furtfer sfr@sshod Brsqrdige cin Pampd? f edrdurthasi sharpaigrized| by

vapor st r ealeBinguiol hen amgczfsf @ rwinbbﬁIne d(&ﬁ&rpr@@QQ{gaihQﬁaﬁerSW?br i iRPOr
generators 120 ggd 2 or _nore g rators The m | ur al

vapor streams can 25 E’(?F?‘fé’i"%lesﬁf‘ t‘ﬁ“ﬁ’f’%’?‘nﬁf HHE “ﬂg'l lﬁ&ﬁ?s Yih a

source or dil| ueagorgas mbaimrep@omprigng: stage-wise, as is m)st desired. I n

the preferr t. describe nnection \NI

syst em si mul ?aneous?&l gngge \‘/%sﬁﬁr‘%g'nésr SAPable ot 19y U S AntY! é"r?ﬁgi‘? é‘?{‘?‘if\o

vapor gener at ors sublsizhtalydehicingedl iproressingy slanfoeom t he di | uent gas suppl y.

30 The m xtu t b e rtlons
LE rléa)-;lt% ﬁffp Orpfrhg@t@%o gt A pﬂé" vyy?d’r %ﬂgrapd’rolpaq g

as are f ound desi partlcu em cal s an processi
requi rements which appiayid cqmpartmeeny faf é‘Pldé‘tS & hrenice t iquids thsfreisi | | con

waf ers, HF, water, and isaRpiP¥dnerator BlelOdA9!supppRBoud Wich! At Ve lred PO
liters per nute(l S) are%lcal The delivery flow rate of

processi ng Vapor st F&af Merl ‘?)rtBEe‘?B? n§e¥RURber will vary 35 depending
upon the vol ume of the pidesdsgisndireetvarnibeiuid th@monicdidh With Waf @ipSr @énerator

19It (r)]\?vr pi eces being ?ec(acgegsgxgplyal%ddx?gcrt]eéegaggsaqn%%er Sde.?xredt {rlltera I%Itl e\xr'rl}h Is?gllrglg Ve
liquid held in the liquid compartment;
a vapor receiver for receiving vapor generated by interaction of the
5 feed gas with the source liquid;
at least one vapor generator output in fluid communication with the
vapor receiver and through which a vapor generator outflow stream flows
from the vapor generator; . |

at least one processing chamber vapor supply in fluid communication with

20 at least one vapor generator output to receive at least one vapor generator
outflow stream; the processing chamber vapor supply serving to supply a
processing chamber vapor mixture to the processing chamber.

67. A processing system according to claim 66 and further characterized
by at least one diluent gas supply connected to mix with the processing chamber

25 vapor mixture to the processing chamber.

68. A processing systemn according to claim 66 and further characterized
by at least one at least one vapor mixer in fluid communication with the at
least one vapor generator, for mixing the at least one vapor generator outflow
stream to produce the processing chamber vapor mixture.

30 69. A processing system according to claim 66 and further characterized
by:

a plurality of the vapor generators;

at least one vapor mixer in fluid communication with the plurality of
vapor generators to receive a plurality of vapor generator outflow streams

35 therefrom, for mixing the at least one vapor generator outflow streams to

produce the processing chamber vapor mixture.

T
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20 rates of 1:10 to 10:1 aqueous hydrogen fluoride: al cohol are
preferably used, nore preferably, relative flowrates of 1.4 to 4:1 are
used; even nore preferably relative flow rates of 1:2 t-o—2-t—are—used.
Met hods according to the invention further include supplying a processing s
chanber stream or vapor nixture to the processing chambers. This

suppl yi ng action is preferably perforned while the pr | chanber
is in a subsYiti4es y cl osed conditi on. The(;g?]g%w'gwﬁg
met hods can further include venting the prygcessi ng chanber to all ow

i nflow of the processing chanber stream w thout pressurizing the 10

processing chanber. 7o Thi g 15:&&9%@%@9@9&6}% dRNQailY 64 hhd zinee cH?rQ&@niLg and
119. The et hods according to this invention also preferably

i nclude rotati g that thefR asem RBTMICPoV2RRAT BPE2EAT ot her pi eces bei ng

processed within thel Progesstedding sys:eﬁhamafu‘mg fEhJ:iS&ml ss a@h/ammgewshynﬂene by
turning rotor I taneou i% su pI yi ng

the processing ’&h% 6e’§t ?réa?np!‘é’@L'P{ 85 V\‘}?%f §'§‘mﬁ?f§nﬁte KoZ¥P el

rotating step peséreroadbeing adqpesdf ar padrat vapiragdenomalr outflows peaads whicht lite/er ange

of appr oxi mat el 4, 40,1000, [ evolutigns per minute (rpm. = Nore

preferably, the prm5e53|n SEEUFS 4t r ot at i onal speeds in the range of 100-
500 rpm The pAowesssingysysiemt h@prdingefoecisityl §6 rmt furthes chimaetizedg t he

processi ng. Str 32 faa! CAMLBcbhH Rl dokylapTE! B Bhe ubEAkkhY BlioBal Nt S

within the procéssing c I de enhance por Ivery
uniformty wit¥*Aa®he processi ng chanber.

10 73. A processing system according to claim 66 and further characterized
by at least one exsiccator for desaturating at least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor generator cooling
unit for cooling the vapor generator outflow stream.

74. A processing system according to claim 66 and further characterized

15 by at least one exsiccator for desaturating at least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor generator heating
unit for heating at least one vapor generator.

75. A processing system according to claim 66 and further characterized
by at least one exsiccator for desaturating at least one vapor generator outflow

20 stream; said at least one exsiccator having:

at least one vapor generator cooling unit for cooling the vapor
generator outflow stream flowing from at least one vapor generator
output;

at least one vapor generator heating unit for heating at least one

25 vapor generator.

76. A processing system according to claim 66 and further characterized
by at least one vapor generator cooling unit for cooling at least one vapor .
generator outflow stream. )

77. A processing system according to claim 66 and further characterized

30 by at least one vapor generator heating unit for heating at least one vapor
generator.

78. A processing system according to claim 66 and further characterized
in that the at least one vapor generator includes at least one baffle for directing

flow of at least one generator feed pas adjacent to source liquid.
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The processes according to this invention further include processing the
sem conduct or pieces for a sufficient anmount of tine to effect the desired
anount of etching or other sem conductor renoval. Typical processing tines
are 25 in the range of approximately 1-100 m nutes; nore preferably 2-60

m nut es. Exanple 1 Processing occurred in a processing system

simlar tot ribed in Fig. 1. A centrifugal se tor
processor vvals;'ﬂ%)gs-'z1 Iqst%o hol d the wafers and form an enc{ngggﬁg%ﬁ&]gsm ng

chanber. The processor was designed for pragessing 30 w th hydrogen
fluoride aqueous m xtures. A vapor generator was charged with a

m xture of a) aqueouw hy d& @gegesdingusysisde adcéRigHp, cfifYes\ahe furthty HehatdBled
and b) |sopropyl

ti 1. d th
vapor gener at gl}ﬁ %’édfe&ésgagtJ‘%Ctggplﬂflﬂ‘/}crsai‘ 1\16? r%’gep‘?fﬁ%rfgr d‘i‘?gﬁ%@gg ef grr)
at a pressure vapogf fiddh pleuhidsidp@mpagmane 16 nbé vgaugecpvassure (psig). The
feed gas was bl own 3&) aCr.&)iﬁoéelgsqngsﬁrsieﬁxcgccg{fiﬂ%h% J:l&xgxukéj gtfur?herucr}]xgreagtenzefdeed

gas director simlar to th
21 5§ in that the feed gas director includes at Icast one baffle which defines a

convoiuted flow path for the feed gas.

81. A processing system for treatment of semiconductor pieces with a
vaporous mixture, comprising:

a processing vessel which is capable of being substantially closed to define

10 a substantially enclosed processing chamber;

at least one processing chamber vapor supply in fluid communication with
the substantially enclosed processing chamber to supply a processing chamber
vapor mixture to the processing chamber;

at least one vapor generator for generating at least one vapor generator

15 outflow stream; said at least one vapor generator having at least one feed gas
supply through which at least one feed gas is supplied thereto; said at least one
vapor generator outflow stream including the at least one feed gas and vapors
of:

hydrogen fluoride;
20 water.
at least one non-aqueous solvent;

at least one vapor mixer in fluid communication with the at least one
vapor generator, for mixing' the at least one vapor generator outflow stream to
produce a processing chamber vapor mixture which is supplied to the processing

25 chamber through the at least one processing chamber vapor supply.

82. A processing system according to claim 8! and further characterized
by at least one diluent gas supply in fluid communication with the at least one
vapor mixer to provide diluent gas which is mixed to form part of the processihg
chamber vapor mixture.

0 83. A processing system according to claim 81 and further characterized
in that there are a plurality of vapor generators which generate a pluralily of
vapor generator outflow streams; the vapor generator outflow streams being mixed
by the at least one vapor mixer,

&4, A processing system according to claim 81 and further characterized
3 by: -
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Dilution was further provided by m xing into the vapor generator output

m xture approximately 15 | pm of additional nitrogen gas. The dilution gas
was supplied under a pressure of approximately 10 psig. The
processor rotor was rotated at a rotation rate of 400 rpmfor 3 5 .mnutes
0 seconds. Silicon wafers were processed as described and the
processing resulted in average oxide renoval of 67 angstrom; éA? The
removal WO'd4 s approximately 22A per ninute. Parth f&Pe

measur ed before and after the pr ocess%-ylg usi ng an ESTEK CR-80 particle
measur enent system whi ch measured particle larger than or equal to 0.2
mcron in diameter. PpgrBipGRSSididak cenbAld GlifknC gRtse vxegﬁuéxgy oMb
post - processi ng counts were . provid avera di of 9
particl es per WW‘OYP@I“@PEI%&F%@? KDCZVWCGGFFY@W loxtflgar stsqams being wined by
count ed. EX@EPdtCledst one vapor mixdef 0CESSI Ng occurred In a processing
systemsimlar to that described in 15 Fig .. The first vapor generator
was charged with & d5eht9Epiluent g Stpply ‘“ ﬂl‘fifldf“HUB‘l‘f‘“faF‘%r"f'ﬂ‘e“(CSB‘ AegstHF,

ot herwi se watergnebyapoo! tiive) :oThxawsecamdmvgp@rwhxch isgmied aboOforagare e gd
wth isopropyl L&Qgpﬁt cham|€trro or SN used as the vapor generator
feed gases. e su

the T1 st vapor generator was 20 liters
per m nute. The suddly Map@ccsemg hﬁstmmmddwgapolclageraeraad durtvexschdfci2fized pm
Both were supply,egh das@ohd € e & T, d, Q

across the surfayge of SItﬂ §s?’é&l;tgrsorur‘ig:)s(aé‘nﬁ‘uérltglgrm L5 03’% Kg g%%% grr °V\€|rh i
to that sho#§ain Fig. 3 Dilution gas was additionally

provi ded by i xi ng igs. Wi tl\hpffoh%sM@QﬁEem accoﬁﬁﬂ%f@@ﬁfm @Waga‘tfur?ﬁerrecﬁgﬁczgﬁ dahe
rate of approxi natelb%Ftlo | pm_ of ad |t|ona nitrogen gas. Tutlon

gas was suppli & ane, PSSP T deRlrs g nalt ey on? vapor ﬂ%‘}egmf °“tﬂ°W
The processor rsokeam; \sﬁﬂi a’tOIEaB;t eﬁheaéxsxacatcﬁt Edvluignatl’ b &e %@r leP#Britof cSoling

ar

m nutes O seco‘m:llsror cooh 3}(,)e \af ef rocessed escribed and
t he processing reSur'ted™e i'aP év%rnéﬁ'ém ?Bff] ¥ S fpval of ‘98 A, Renpval
rate was 87. A processing system according to claim 81 and further characterized

75 by at least one exsiccator for desaturating ar least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor generator heating
unit for heating at least one vapor generator.

g8. A processing system according to claim 81 and further characterized
by at least one exsiccator for desaturating at least. one vapor generator outflow

20 stream; said at least one exsiccator having:

at least one vapor generator cooling unit for cooling the vapor
generator outflow stream flowing from at least one vapor generator
output;

at least one vapor genmerator heating unit for heating at least one

25 vapor generator,

89, A processing system according to claim 81 and further characterized
by at least onme vapor generator cooling unit for cooling at least one vapor .
generator outflow stream. ’

90. A processing system according to claim 81 and further characterized

30 by at least one vapor gemerator heating unit for heating at least one vapor
generator.

91. A processing system according to claim 81 and further characterized
in that the at least one vapor generator includes at least one baffle for directing

flow of at least one generator feed gas adjacent to source liquid.
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30 approximately 33A per mnute. Particles were neasured before and
after the processi ng using an ESTEK CR-80 particle neasurenent system

whi ch neasured
di aneter. Pre-

post - processi ng counts averaged 54. This provided an

of 8 particl g

simlar to that

particles larger than or equat—to0 0.2 micron in
processing particle counts averaged 46, while

PAls0af er. 35 PCT/US96/16579

22 Exanpl e 3 Processing occurred in a processing system
described in Fig. 2. 38e first vapor generator was
a azeotropi c aqueous - hydr ogen fl uoride (38.4% HF,

charged wth
ot herw se water,

| pm The supply rate to

average addition

by %20l urmproc?ssiagssenmchcm@ing t& clage ridr andofurthvas chdranedatdwi t h
i sopropyl al COth' thal Nfie Sﬁéﬁg'g)(s Rl Sort hchdfs Gl rl§atst B0 Yatfle forgﬁﬂb%ﬂultgoﬁowaéh

second vapor generator was zer

i sopropyl al cohtiPotagromotheyiedd compreiBenst ioathe v4per BeHEFTts of using

solvent in the

ot herwi se sim|l
5

10

5

20

25

30

_—

i

t he

Pr ey eh pRIGAT Witerd ackdhifhg 15\Rh Nend. ABIHRF SRFh RG2S

ar to Exanp : .
in that the feed gas director includes at least one baffle  which defines a

convoluted flow path for the feed gas.

94. A method for processing semiconductor pieces to remove material
therefrom, comprising:

generating at least one vapor generator siream from at least one vapor
generator using a generator feed gas and at least one source liguid contained
in the at least one vapor generator;

diluting at least one vapor generator stream to produce a processing
chamber stream using a dilution gas fed into the vapor generator stream which
is output from the vapor generator;

supplying the processing chamber siream to a processing chamber which
can be rendered substantially enclosed; -

processing semiconductor pieces within the processing chamber using the
processing chamber stream.

95. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one non-aqueous solvent,

96. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one organic solvent.

97. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one alcohol.

08. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one aliphatic alcohol.

99. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one alcohol, the alcohol being selected from the group consisting of methanol,

ethanol, isopropyl alcohol, butanol, propanol and n-propanol.

m— .
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to Dilution gas was provided by m xi ng additional nitrogen gas with
t he vapor generator output streamat the rate of approximately 20 | pm
of nitrogen. The dilution gas was supplied under a pressure of
approximately 10 psig. The processor rotor was rotated at a
rotation rate of 300 rpmfor 3 mnutes 0O seconds. Silicon wafers
were processed as described and the 15 processing resulted in average
oxi de renovawoohndd8 A. Renoval rate was appr oxi mat elPCTABH/IBET M nut e.
Particles were nmeasured before and after the processi ng using an ESTEK
CR-80 particle nmeasurenent system which me¥ur ed particl e larger than
or equal to 0.2 mcron in dianeter. Pre- @roce53| ng parti counts

averaged 37, while pP8%t- fr ARG RGN difé‘?a&‘éo““fSé‘ﬂ"h”Tﬁ’?aéacb"r’W d&d 20
an aver age addlgehmumé aQ?eZ.?t oy f/dp@l' génrftor WAt including an etchambivath Bgliecedy es

the surprising benefit, of..the re rocessi ng using the organic
sol vent vapors 1 ﬁ To88MSTuRESS (SIherghnt ﬁ“{ ﬁéq§¥6h°£ﬁt°r§ cofilv W, Exanmpl e 4
Processi ng occurredl1ph aApmmle:sismng:ra‘ylgtmmmzm baramido firktelr clesardrizedl byn 25
Fig. 2. The f r tr.Qp ueous
hydr ogen fl ugrléééér%%%@%;gea F‘F}‘% w@%“\%g%%%g mcmdh{é m ft%&?' ‘%&sé én (C]’l'
vapor gener’ﬁ'ﬂmemot}mw@%@ﬂwﬂﬁ 3t Jeast By | alf%i’lhe’ohol Ni t rogen gas was

used as the vapqpz. gemernﬁwd fa8QAIHASERS claich N§4 SHAPEYrtHeRt @hamutrﬁedfw st
vapor generator was 20 | pm The supply rate to the second vapor

generator was ZSPFBHTE 2BBEH T VARGF EXUHPT SEEA N dREcAs tickanb fwithoagy6ad s

psig. The feed iyasmgyRFubli@MhaehPS8d at lehfiComUbkaod fc hldghdl Keitpd sadedace
under a feed \?\gi" director simlar to t ha

in Fig. 3.
Di lution gad’wa& dti®t BEWRI F9P5HBE i 8% é’“’ﬁ? FHana't RGPIPY Hileahg)y opuranol.
generat or out puirominoband ragropdwel.r at e of approximately 25 | pm of additi onal
35 nitrogen gas. gl%? dis| Wl 9R&-IRF YRR €8s UNAC urthel GRFMFE0 by

approxi mat el y

exsmcatmg between the generating and supplying steps to reduce the degree of
saturation in the mixtures flowing to the processing chamber.

15 104. ‘A method according to claim 94 and further characterized by
exsiccating at least one vapor generator stream which is output from at least one
vapor generator.

105. A method according to claim 94 and further characterized by
generating a plurality of vapor generator streams and combining the plurality of

20 vapor generator sireams. '

106. A method according to claim 94 and further characterized by
generating a plurality of vapor generator streams and mixing the plurality of
vapor generator streams.

107. A method according to claim 94 and further characterized by

25 generating a plurality of vapor generator streams and mixing the plurality of
vapor generator streams with a diluent gas stream.

108. A method according to claim 94 and further characterized by
generating a plurality of vapor generator streams and combining the plurality of
vapor generator streams prior to the supp]ying step.

30 109. A method for processing semiconductor pieces to remove material
therefrom, comprising:

generating at least one vapor generator stream from at least one vapor
generator using a generator feed gas and at least one source liquid contained
in the at least one vapor generator; the generating at least one vapor generator

35 stream being performed so as to include an aqueous etchant and at least one
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23 The processor rotor was rotated at a rotation rate of 50 rpm

for 60 mnutes 0 seconds. Silicon wafers were processed as
described and the -——processing resulted in average oxide renoval of 482
A.  Renoval rate was appTOX|nater 8A per mnute. Particles were:
measur ed before and after the qgumdng using an ESTEK CR-80 particle
measur ement system whi cH® rtlcle | ar ger than ual to 0.2
mcron in di RIENI80Pre. pr @\&g cle count s averﬁ%’é‘ﬂsg’,w%i | e
post - processi ng counts ave pqgvided an average addition of
15 particles per wafer. 24

non-aqueous solvent in a processing chamber stream which is at least partially
constituted using the at least one vapor generator stream;

supplying the processing chamber stream to a processing chamber which
is controllable to become substantially enclosed;

5 processing semiconductor pieces within the processing chamber using the
processing chamber stream.

110, A method according td claim 109 and further characterized in that
the generating includes at least ome vapor generator stream which includes at
least one organic solvent.

12 111. A method according to claim 109 and further characterized in that
the generating includes at least one vapor generator stream which includes at
least one alcohol.

112, A method according to claim 109 and further characterized in that
the generating includes at least one vapor generator stream which includes at

75 least one aliphatic alcohol.

113. A method according to claim 109 and further characterized in that
the generating includes at least one vapor geherator stream which includes at
least one alcohol selected from the group consisting of methanol, ethanol,
isopropyl alcohol, butanol, propanol and n-propanol.

20 114, A method according to claim 109 and further characterized in that
the generating includes at least one vapor generator stream which includes
aqueous hydrogen fluoride and at least one organic solvent.

115, A method according to claim 109 and further characterized in that
the generating includes aqueous hydrogen fluoride and at least one vapor

25 generator stream which includes at least one alcohol.

116. A method according to claim 109 and further characterized in that
the generating includes aqueous hydrogen fluoride and at least one vapor
generator stream which includes at least one aliphatic alcohol,

117. A method according to claim 109 and further characterized in that

30 the generating includes aqueous hydrogen fluoride and at least one vapor
generator stream which includes at least one alcohol selected from the group
consisfing of methanol, ethanol, isopropyl alcohol, butanol, propanol and n-
propanol. '

118. A method according to claim 109 and further characterized by

35 exsiccating between the generating and supplying steps to reduce the risk of

saturation in the mixtures flowing to the processing chamber.
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CLAI M5 1. A processing systemfor treatnment of sem conductor
pieces with a vaporous m Xxture, conprising: a processing
vessel which substantially defi+nes—a processing chanber; 5 at | east

one Tiquid source for p‘i’ﬁs\’ﬁ ding a source liquid used in producing t he
vapor ous m xture; H’MID as|BognReplqua@ Vapor generator; said at |east one

vapor generator having: a vapor generator evaporation
= uid netering supply PCBAUSSMSHI9YI ng a

chanber ; WO 97/14180

met ered anount of 10 source uid from the at least one liquid
source to the evaporation chanb a vapor
generator feed gas supply through which a control | ed unt of at
| east one feed gas ]sqp pMEERdt acoFing, dpoflaifetlr ad st fpber characierized n?%i ng
in the evapor abksﬁuaamaﬁbaas( Je vapor geneddtol @@&dm ouhihviaparpurrifroer ai feaftl ored
comuni cation with the at |east one vapor generator, for mxing the at
| east one vapoP’apgj’én%"rnﬁfab? outfl ow streamwith anot her constituent to
produce the processiy c,hanbmbdva@ordmg xb urleins UiPP| 2l fomher chatrdmeerizbdlbaast
one processifng ra\ S o,

chanber vapogr1 g%g{W% p?%)l{“é c(}:#g%i%\éﬁlgggetr%)rrl sm%'ﬁ} fh(?%&b@ﬂgstgoﬁga\ﬁl por
generator to reemirvgenatatdrestsrmene vapor generator outflow stream

therefrom the at |east QNRDLACESIHitE GHABRR N8PLKd sumrydwcvemcxta
supply a processing chanber vapor m xture to the processing

. A pr oces PGB B e FAELED 0di FGOE BeBFTAIMN s‘ﬁ?“ﬁ‘ﬁda'\ﬁhé}”@?% ‘P”né’“é’&'lh‘ﬁ’ c8f
liquid nmeteri nga@;pgynyraw}chmi;ﬁ a netering punp. 25 3. A

processing system acgordj o cl ai 1 an wher e source _ Liguid
met eri ng suﬁ%l y i nc?%'des)\a 8rF‘fT§r% °\Aﬁf"6‘h log 5”‘{)3%?%%8“&?%3?%%eﬂbnt
Met ering punp. generating a plrality oA yupOCEgsem@Prsyishaem acic orixingighd hohbynof 1
and wherein th%apsoquée%grator streams with a diluent gas stream.

123. A method according to claim 109 and further characterized by

generating a plurality of vapor generator streams and combining the plurality of
15 vapor generator streams prior to the supplying step.

124. A method for processing semiconductor pieces to remove material
therefrom, comprising:

generating a plurality of processing vapor streams from a plurality of vapor
generators using at least one generator feed gas and a plurality of source liquids

20 contained in the plurality of vapor generators;

mixing the plurality of processing vapor streams to form a processing
chamber stream;

supplying the processing chamber stream to a processing chamber which
can be rendered substantially enclosed;

25 processing semiconductor pieces within the processing chamber using the
processing chamber stream.

125. A method accos dmg to claim 124 and further characterized by-
diluting using a dilution gas which is fed to become part of the processing
chamber stream. -

30 126. A method according to claim 124 and further characterized in that
the generating includes:

generating at least one etchant vapor stream including an etchant;

generating at least one solvent vapor stream including a solvent.

127. A method according to claim 124 and further characterized in that

35 the generating includes:

generating at least one etchant vapor stream including an etchant;
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liquid netering supply includes a netering punp which is a positive _

di spl acement 30 netering punp with sensed control of the ampunt of fluid
actual ly di splaced from “the metering pump. oo — b, A processing
system according to clai I:?hlsgheat asiﬁ"% in the at | east one vapor m xer

is connected to at least 0 supply to mx a diluent gas as
sai d anot her wowpgigigeuent . H J | Cancel | ed. PCT/Ussusnssgs 7.
A processing system accord 1 and further characteri by:

a plurality of vapor generators; 42her ein the at |east one vapor
mxer is in fluid comunication with the 5 plurality of vapor generators to
receive a plurality gfnetapprat geaseroat oolvenrt fdpow stream Suqlelngs an hegaafcr @enf.or

m xing the plurality;zf VRRREth S AELARY tcplétam\ Q¥4 satni\etﬁgﬁer characpen%cpduce the
processi ng chanber vapor ni xture. rocessi ng syst ®

according to cl é’?emgi“"é‘ﬁﬂ‘gf BFRessi characteri zed by 10 a
plurality of vapor Q@Jhefa@ﬁ@rﬁ least one etchan@tvap&agiteaNfhcRliing it eQAshSupPl y
connected to X Wt Erocess chanber vapor m Xture suPpI ied to
the processing Chanb%ermmtm least on€ solvent vapor stream including an alcoho

129. A method according to claim 124 and further characterized in that
the generating includes:
generating at least one etchant vapor stream including an etchant:
generating at least one solvent vapor stream including an alcohol, the
10 alcohol being selected from the group consisting of methanol, ethanol, isopropyi
alcohol, butanol, n-propanol.
130. A method according to claim 124 and further characterized in that
the generating includes:
generating at least one etchant vapor stream including an etchant
75 comprising agqueous hydrogen fluoride;
generating at least one solvent vapor stream including a solvent.
131. A method according to claim 124 and further characterized in that
the generating includes:
generating at least one etchant vapor stream including an etchant
20 comprising aqueous hydrogen fluoride;
generating at least one solvent vapor stream including an organic solvent.
132. A method according to claim 124 and further characterized in that
the generating includes: .
generating at least one eichant vapor stream including an ectchant
25 comprising aqueous hydrogen fluoride;
generating at least one solvent vapor stream including an alcohol.
133, A method according to claim 124 and further characterized in that
the generating includes:
generating at least one etchant vapor stream including an etchant
30 comprising aqueous hydrogen fluoride;
generating at least one solvent vapor stream including an alcohol, the
alcohol being selected from the group consisting of methanol, ethanol, isopropyl
alcohol, butanol, n-propanol.
134, A method according to claim 124 and further characterized by
35 exsiccating between the generating and supplying steps to reduce the risk of

saturation in the processing chamber stream flowing to the processing chamber.
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wherein the at | east one vapor mxer is in fluid communication with the
plurality of vapor generators to receive a plurality of vapor generator
outflow 15 streams therefrom_for pmixing the plurality of _vapor_generatar
outfl ow streans to produce the processing chanber vapor m xture.

9. A processing systemaccording to claim 1 and further characterized
inthat there are a plurality of vapor generators in communication with the
at | east WhE4§8Bor ni xer. 20 10. A processi nBCHYEI6E6H79
according to claim 1 and further charact e@zed in that there are a
plurality of vapor generators in communication with the at | east one
vapor m xer, at |ea t gen o] ' ed to
gener at e vapor gqne?g%'o\rl\goﬁefnﬁég\?va\é?o?@é l%vﬁn[agﬁ g"?egﬁ%Pﬂngggﬁghr&“ﬁ?ﬁfialby
sour ce | i quA*elecating an Ihasy eondi v4per istrgamheliric d$ oottt tirdmuenm clesss . on25vapor

11. A processdefgrafyst em according to claim 1 and further characterized
by at | east one heater which provides heat to at |east one conponent of the
processi ng chanber \}a?JorAnWihl?F'efm' processing semiggnductop, RifcEE 48 STEmgVes ymatasisl
accordi ng toscliatrefrdmarempisidgher characteri zed by at | east one heater
for heating gas whi cpnepasses 0 the processing chanber 30 via at | east one
vapor gener at or. genetating aly fast ong pVFB%‘e%’}eﬁ%“sﬁg"ta&nf%?&&F dftiy me wWparm 1
and further chacaobkeriwig a genbprat feleeagls adeaneakiebnd GoulediguRy cdRidedas
whi ch passes tq,the aqu?%?soshleng‘ or eget}gtrrber via at | east one vapor

gener at or . : A 6

14, r ocessi r?tff system according to claim1 and
further characteri ze®ic38ingytoaredueashe glegrer otfosatatidre &s tth Pirddesing cfambdki ch

are mount ed /i tsftedin tAWving 10 REOGESRLMG YesSael for rotating an array of
REO i

sem conductor pieces therewthin an
supplying the processing chamber stream to a processing chamber which

can be rendered substantially enclosed;
processing semiconductor pieces within the processing chamber using the
processing chamber stream.

15 137. A method according to claim 136 and further characterized in that
the exsiccating is performed upon at least one vapor generator stream which is
output from at least one vapor generator.

138. A method according to claim 136 and further characterized in that
the exsiccating is performed using cooling at least one vapor generator stream

20 which is output from at least one vapor generator.

139. A method according to claim 136 and further characterized in that
the exsiccating is performed using heating of at least one vapor generator.

140. A method according to claim 136 and further characterized in that
the exsiccating is performed using:

25 cooling at least one vapor generator stream which is output from at least
one vapor generator,

heating of at least one vapor generator.
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26 for agitating the processing chanber vapor m xture supplied to the

processi ng chanber when said at | east one rotor is in a rotational

node of operation. 15. A processing systemaccording to claim
1 and further characterized by a plurality of processing chanber vapor
supplies which allow the processing 5 chanber vapor m xture to be
introduced into the processing chanber at a plurality of nozzle
positions. WwO9714180 16. A processi ng system accor di ngPEHUEHSHP 1 and
wherein the at | east one vapor generator is further characterized by a
vaporizer jet for m xing source i with the at | east one feed gas.
10 17. A processing systen1acgb d?ng to claim 1 and wherein the

at | east one vapor generator is further characterized by:

vaporizer jet for mxing source liquid with the at Ieast one feed 3@
provi de a vapori zef,m xture; ZeT gyfor regervin

the vaporizer mxtyre fromths and OV|d|ng v orﬁﬁétlon

xture.
the at Ire=s

ad vapUI
S v.-py|zer 1é7je
of the source |iquitd contai ned\ § the—wapQki

A processing syste accordvg 1 }/ one
vapor generator is Turther g p'u er”jet for
m xi ng source |iquid m,}h t he o 20 > a
vaporizer mxture; recei e
vaporizer mxture fromthe i di ng v vation of
the source liqu ! ure; ) a
di ffuser p05|t|bﬂg§ﬁz \\ vapori zet enum t o
19 """' 56
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25 effect increased honogeneity in the at | east one vapor generator outflow

stream emtted fromthe at | east one vapor generator. 19.

A processing systemaccording to claim 1 and wherein the at | east one
nerator 1s rurther characterized by: a vaporizer jet for

m xing source liquid with the at | east one feed gas to 30 provide a

vapori zer m xture; a vaporizer plenumfor receiving the

vapori zer nm siraador om t he vapori zer j et and providi ngcvageisgat i on of

the source liquid contained in the vapori zer m xt ure; a

di ffuser having a plurality of diffusion passages positioned to restrict
and 35 mx fluid flow fromthe vaporizerzv numto effect increased

honogeneity in a vapor generator out streamemtted fromthe at
| east one vapor generator. SE }0-0t 14. M4

27 _ 20. A processing systemfor treatnment of sem conductor
pieces with a v r ous nlxture conpr|5|ng a processing

Toer at | east
n producing 5 the

yi di ng a vapor

ator }59ai d at | east

|

one liquid source f
vapor ous m xture;

generator feed gas;
one vapor gener ator haV|4&f

111

vessel which substaailally
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means for directing the vapor generator feed gas adjacent the surface of

t he source liquid to produce at | east one vapor generator outfl ow
stream contai ning 10 vaporous source |iquid; at_l east one
processi ng chanber vapor supply in fluid communication with at | east
one vapor generator to receive at |east one vapor generator outflow
streamtherefrom the at | east one processi ng chanber vapor supply serving
to supplwoarpnscessi ng chanber vapor mixture to the pPEEFSWWFOchanber
15 21. A processing systemaccording to claim20 and further
characterized by at |east one dilueng S supply connected to mx with
t he processi ng chanber vapor m xture gg plied to the processing

chanber . 22. A processing systemaccording to claim20 and
further characterized by at | east one vapor mxer in fluid

comuni cation with the at | east one vapor 20 generator, for mxing the at
| east one vapor generator outflow stream wth anot her constituent to
produce the processing chanber vapor m xture supplied to the at | east
one processi ng chanber vapor supply. 23. A processing system
according to claim 20 and further characterized by: 25 a
plurality of vapor generators; 31 at | east one vapor mxer in fluid
comuni cation with the plurality o
plurality of vapor generator out
plurality of vapor generator
chanber vapor m xture. 30
claim 20 and further chararq
gener at or s; ay A ed
the plurality of A
generator outflow strg
generator outfl ow st
m xt ur e;

rapot-—geperators to,neceive a
ST eans ———They ef r omPF or n xi ng the
‘ t he processing

yrcording to
ity of vapor
3y cation with
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28
processi ng
25.

at
chanber vapor

in that there are a plurality of vapor generators.

5

| east one diluent gas supply connected to mx with the
m xture supplied to the processing chanber.
A processing systemaccording to claim?20 and further_characteri zed

26.

processi ng system according to claim 20 and further characterized

that there are a plurality of vapor generators,

at

A

in

| east two of the vapor

gener at ors EQAY48¥apt ed t o generate vapor generator outfPEWUSISHestss whi ch

are

consti tuenci es.
and further characterized 10 by at
| east one conponent of the

A processing systemaccording to claim20 and further characterized
by at |east one heater for heating @as

at
28.

formed using plural

27.

| east

procesg

/nd

m Xt ur e.

source liquids which have differing chenm ca

A processing systemaccording to claim20
heat er whi ch provides heat to
chanber vapor

chanber via at | east one vapor ©enerator]. 15 D ;essing
system according to claim20 and further cﬁ?@hﬁ?@n\gg t one
heater for at |east one source |quﬁ rogess g ystem
according to®l aim?20 and further cterijzed®™ kQy at st ong ater
for heating f ed gas whi ch passes t® th cess ﬁ& K dﬂ
| east one vappr generator. N
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20 31. A processing systemaccording to claim?20 and further
characterized by at | east one rotor at |east portions of which are
nounted within the processing vessel for rotating an array of
SenrTomguctor preces tnerew t him ana Tor agitating the processing
chanber vapor m xture supplied to the processing chanber when said at

| east one rotor is in a rotational node of operation. 25 32. A
processi ng sgbpipmgccording to claim 20 and further charactensssedsre by a
plurality of processing chanber vapor supplies which allow the processing
chanber vapor m xture to be introduced into the processi ng chanber at a

plurality of nozzle positions. %. Cancel l ed. 30 34.
Cancel | ed. 35. A processindS tem for treatnent of
sem conductor pieces with a vapor ous m xture, conprising: a

processi ng vessel which substantially defines a processing chanber;
at | east one processi ng chanber vapor supply in fluid communication with 35
t he- processi ng chanber to suppl y & ProcessT g chanper vapor m xture—tuoit he

processi ng chanber; SE

29 a first¥vapor gener

generator outflow rean sa ff rst vapor anerator havi ng a feed gas
supply through which N,
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| east one feed gas is supplied thereto; a first liquid source for
supplying a first source liquid to the first vapor 5 generator;

a second vapor generator for generating a second vapor generator outfl ow
st reanT—Safrt™SECoNMg vVapor generator naving a teed gas supply through which
at | east one feed gas is supplied thereto; a second liquid
source for supplying a second source liquid to the second 10 vapor
generator; wopo9msso at |east one diluent gas supply for BOppP$9sii6839 a

di | uent gas; at | east one vapor mxer in fluid conmunication with
the first and second vapor generators so as to receive at | east
portions of the first and second vapor enerator outflow streans
therein for mxing; said at | east one vib r/mxer 15 fyrther being in fluid
conmuni cation with said at | east one diluent gas suppl - D as o supply
the diluent gas thereto; said at | east one vapor m xer sRliViRp— Qto
produce a processi chanber vapor m xture which is si g t R

pr ocessi ng chanberqihrough said at | east one processi vapor

suppl y. . A processing system accor digg \ 5 and
further characteri 20 by: at | east one v ! tor
evapor ati on chanber{¥orm ng a part of at | east 3 irst or
second vapor gener rs; at | east one sounc AN t&Ying
supply for supplyi a neteyed amunt of sourceN :~5?’ ath | east
one of said first ortlseconf® |i qui souiges to t he 28 T /Ofe vapor
gener at or evaporati on chapie N 37. A procégs uyffen1
according to claim35 m Jcterized by \\ a first
vapor generator evapofis Ng a part of ygaitd|{fir vapor
generator; 30 ] JUilll netering s Myhﬁgﬁ upplying a
met ered anount of 1 S ouy ANi d from saiql| figs® |[H]qui d source

to the first vapop
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evapor ati on chanber; a second vapor generator evaporation chanber

formng a part of said second vapor generator;

30 a second source liquid netering supply for supplyinga .
metered—anount Oof the second source liquid fromsaid second |iquid
source to the second vapor generator evaporation chanber. 38.

A processing systemaccording to claim35 and further characterized 5 b

at | east onayveewursas |iquid netering supply for supplying G ¥I%anount
of source liquid fromat |east one of said first or second |iquid sources

to at | east one of the first or second vapor generator evaporation
chanbers, respectively; and wherein gg -fource liquid nmetering supply

i ncl udes a netefjyng punmp. 10 ;7 A processing system accordi ng
to claim35 and™iurt her characterized by at | east one source |iqsyd
metering supply r supplying a nmetered amount of source liquid E§0n1at
| east one of sa first osecond |iquid sourc to the at | east dne '
vapor gener at or apor ati

metering supply cl a mepering punp which s a positivedisplac nt

chanber, and mhereig t he source<£iquid

15 netering pu ! 8 A processing

ysten1accoréfng 0 clq m 35
and further charatt ze
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by at |east one source liquid netering supply for supplying a netered

anount of source liquid fromat |east one of ph A T RS r, $€
i qu'fd'sour&gﬁnggo‘t he *at | east one vapor gelP£T/ r e@aéa?al B)sozanber,
and wherein the source liquid 20 netering supply includes a netering punp

which is a positive displacenent met ering punp ﬁp@ﬂﬁ;egfngnyrmg@f

the amount of fluid actually displaced f24m t he ne
41. Cancel | ed. 42. A processing systemaccording to claim 35
and further characterized 25 bhy: CLAMSa first vapor generator

evaporation chanber fqrm ar fosaid first .vapor, generator.
a first source In?'qui d%rr?f%(rglssﬁrbgoéﬂ%% yfof(?rre tﬁlﬁﬁﬁ yifnsﬁmécor?gﬁ%f’gd”%cﬁﬁu‘ﬁ'[th i
the first seapoceus mtxtuck,feomprismigd first liquid source to the first vapor

generator 30 evaporation chanber.. . ».a.,second vapor. gener at or
evapor ati on change?mf:%slswgn‘é“gg?p'ﬁ';"f’h oibgaptially defg’ééoan(f’?/ 5Y ggcgﬁ’g ror;

a secondssource hi Quiisd ot lRJuidGodriep oy providiigPdIsyiiiee Iequite ueéd dn Produting
of the second source |liquid fromsaid second liquid source to the second
vapor 35 geﬁ’&?r é{?‘lﬂm%é‘b‘g‘r"é‘f’i on chanber; SEI O O 14. M4

31 _ at least one vapor generator; said at least one vapor generator having:
' a vapor generator evaporation chamber;

a source liquid metering supply for supplying a metered amount of

1/ source liquid from the at least one !liquid source to the evaporation

chamber;

a vapor generator feed gas supply through which a controlled
amount of at least one feed gas is supplied to the vapor generator for
mixing in the evaporation chamber;

15 at least one vapor mixer in fluid communication with the at least one
vapor generator, for mixing the at least one vapor generator outflow stream with
another constituent to produce the processing chamber vapor mixture supplied to
the at least one processing chamber vapor supply;

at least one processing chamber vapor supply in fluid communication with

20 at least one vapor generator to receive at least one vapor generator outflow
stream therefrom; the at least one processing chamber vapor supply serving to
supply a processing chamber vapor mixture to the processing chamber.

2. A processing system according to claim 1 and wherein the source
liquid metering supply includes a metering pump.

25 3. A processing system according to claim 1 and wherein the source
liquid metering supply includes a metering pump which is a positive displacement
metering pump.

4. A processing system according to claim 1 and wherein the source
liquid metering supply includes a metering pump which is a positive displacement

3 metering pump with sensed control of the amount of fluid actually displaced from
the metering pump.

5. A processing system according to claim 1 and wherein the at least

one vapor mixer is connected to at least one diluent gas supply to mix a diluent

e o
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at | east one diluent gas supply in fluid conmruni catlon W|th the at | east

one vapor m xer to provi-de—diluentgas which is Pw 0 gsém p&&ﬁ:‘ t he
{prote g s

procegm ngfgeohoelgt\)‘g‘r \égpo m mm 43d A
accordi ng clarm a terized 5
whi ch provides heat to a [E ﬂ umlﬁmtonent of thewa/ggcesgmpiﬁ%er
vapor m xture. A processing systemaccording to claim35
and further characteri zed by at |east one heater for heating gas which
passes to the procesa pgocebsmgdaystem aceomling té ek drandv &ppdrergeneraenzed

A prgcessl ng system according to claim 35 and further characterized
by at | easPYone heater for heating feed gas which passes to the processing
chanber via at hepikalRyeofvedpor ghRedtadsor . A proceSS| ng

system according. to,cl |m3 and further charact m‘ﬁ‘ff b ﬁa t one
rotor at |east g’&r’fﬁ"brf cot WAPtc ANS @PAD NI Ml (ks bﬁ’fi%‘eé"é‘ g‘
vessel f0r piRiiayi HO vaporigeMrairs S8NréedUat Plurdlit CErs vagar @Wxérhlom atflow
for agitating the processing chanber vapor nxture supplied t

pr ocessi ngstréamg RBeSERMANOR THRE é{‘el%‘!isatlmbri’é Yaposy g‘i"s"?‘ﬁ" a°"r‘8?3t F‘(’S‘F?é’?s node
of operati @fl-produce the pro¢dsing cﬂaﬂﬁ@@%ﬁérngnﬁﬂ&t em according to claim35
and further characterl zed by.a plurality of processing chanber vapor
suppl i es which &1 ow# PEOgSsHER SEILPRY agordingive rclaipdrand futthes hprpeserized

i ntroducedy, gnto t he processing chanber froma plurality of positions.
48. A proCessing systemaccording to claim35 and wherein the at |east
one vap&r gener at pluralgyfefr vapor mmetserl zed by a vaporizer jet for mxing
source | i quid ithg E}Qedﬁﬁenlte ﬁqlegﬁﬁ t&Omix with tﬂg Froc@ss
processi ng system according to c wherein the at |eas one
vapor generchsmber sagarr tﬂmurecbl&ppélstiem quj mycessmg chamber; g vaporizer jet for
m Xi ng source i qleremwhtehatt tl1ee{1sta onleega?)tor a&e{ q?qn dt&)mmumpit%\ﬂ Qﬁthathe
vaporizer m xtur enum receiving t

vapori zer rplua'ahnyeof rapot mnvamslmerrecewe a plurality of vapor generator outﬂow

15 streams therefrom, for mixing the plurality of vapor generator outflow streams

to produce the processing chamber vapor mixture.

9. A processing system according to claim 1 and further characterized
in that there are a plurality of vapor generators in communication with the at
least one vapor mixer.

20 10. A processing system according to claim 1 and further characterized
in that there are a plurality of vapor generators in communication with the at
least ome vapor mixer, at least two of the vapor generators being adapted to
generate vapor generator outflow streams which are formed using plural source
liquids which have differing chemical constituencies.

25 11. A processing system according to claim 1 and further characterized
by at least one heater which provides heat to at least one component of the
processing chamber vapor mixture.

12. A processing system according to claim 1 and further characterized
by at least one heater for heating gas which passes to the processing chamber

30 via at ledst one vapor generator.

13. A processing system according to claim 1 and further characterized

by at least one heater for heating feed gas which passes to the processing

chamber via at least one vapor generator. _ .

14, A processing system according to claim 1 and further characterized
35 by at least one rotor at least portions of which are mounted within the

processing vessel for rotating an array of semiconductor pieces therewithin and
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30 Jet and prOV|d|nq vaporization of the source liquid contained in the
vapo processing system according to

cl ai m 35 a In one vapor t o

characteri Z&gé)\ﬁgsﬁﬁ m“mml"“gﬁﬂu lﬁ!zer jet for % &égeiléﬁydgwith
the at least one feed gas to 35 provide a vaporizej Me; _

32 a vaporizer plenumfor red®ving the \;g HNQIYJQWom
the vapori zer jet and providing vaporization of the source liquid

cont ai ned ifart4gitatiapothiez processingrickamber, vapor mixture auplpliefduwrthpoptdcb?n%d to
I nfluence f I h Vapori z lenumto.5 effe ncrease
honpgenei tyéh:d}r?%f ﬁe&ggtn Face{{'?s %ﬁset B/g Fodeﬁeplalaofmﬁﬁﬁ(f"fal {et Péa‘?ﬂeram"em tted
fromthe at | easls. oneAvp\moessgpgnsymhoraccordmg to clainbl. and &mnacaﬁa&aae?&mst em
according t in the at |east ne vapor generator is
further gha % 1’“ lé?ﬂ Y pmcessmg chambey yapos, supplies é‘f% §‘OP g‘f’ gPEEIsng
l'iqui d wit lchaimbent vipeasmiane ftoede Jagrddacdd REOVIhEE procésiey | ch@MmbEE X4tUne;

a vapori zer m.f or ecel i ng the vaporizer mxture fromthe injector
and provi d.fﬂg agigyp(?rfl‘?ﬂ €oROBHORShe source |iquid contained in the vaporizer

m xture; A processing system according to claim 1 and wherein the at least

one vapor generator is further characterized by a vaporizer jet for mixing source
liquid with the at least one feed gas.

10 17. A processing system according to claim 1 and wherein the at least
one vapor generator is further characterized by:

a vaporizer jet for mixing sourcé liquid with the at least one feed gas to
provide a vaporizer mixture;

a vaporizer plenum for receiving the vapdrizer mixture from the vaporizer

15 jet and providing vaporization of the source liquid contained in the vaporizer
mixture.

18. - A processing system according to claim 1 and wherein the at least
one vapor generator is further characterized by:

a vaporizer jet for mixing source'liquid with the at least one feed gas to

26 provide a vaporizer mixture;

a vaporizer plenum for receiving the vaporizer mixture from the vaporizer
jet and providing vaporization of the source liquid contained in the vaporizer
mixture;

a diffuser positioned to influence fluid flow from the vaporizer plenum to

25 effect increased homogeneity in the at least one vapor generator outflow stream
emitted from the at least ome vapor generator.

19. A processing system according to claim 1 and wherein the at least’
one vapor generator is further characterized by:

a vaporizer jet for mixing source liquid with the at least one feed gas to

30 provide a vaporizer mixture;

a vaporizer plenum for receiving the vaporizer mixture from the vaporizer
jet and providing vaporization of the source liquid contained in the vaporizer
mixture;

a diffuser having a plurality of diffusion passages positioned to restrict and

35 mix fluid flow from the vaporizer plenum to effect increased homogenexty in a

vapor generator outflow stream emitted from the at least one vapor generator
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a diffuser having a plurality of diffusion passages positioned to restrict
and 15 mx fluid flow fromthe vaporizer plenum fechh kngr

honogenei tXE:L.(ﬂu"’x‘m vapor generator outflow st rgﬁ;'?mgt Qjef ZoLﬁﬁl?

| east one vapor ‘generator. 52. A processi system_accordin
to claim 35 and wherein the at |east one vapor mSIP@/{;g ald Mgl99yq
chanber and a plurality of mxer inputs27said m xer inputs being in
fluid conmunication with a m xing chanber; said m xer 20 inputs being
oriented to be i20.a Qorprecggsing sympnt fqratrieeimient of semiconduchdd. piecéds with haod
for processing sem conductor .pi eces using a vaporous m xture,

conpri si ng;Yaporous m‘xmre’pﬁ%‘f‘?ﬁ‘%ﬁ‘ﬁ:ng an array of seniconductor pieces into a

processing chanheprocessifhe veszeld whidhhsubsBinPiaDE QR Ehé aV Bfoteising? Shamber;
generating at |east one vagqr generator outflow streamfromat |east one

vapor gener at or 3hyletshnfienligjd sSouEs fQfaRroxiling @ fouses lighid usnd &b PROsing

suppl yi ng anprwpefous aixedrerber vapor mxture to the processing chanber;
sai d processi ng chanber vapor m xture including at |east portions of the

. g
vapor gener & &pedo 8RS SeNce tioripvidipe a vapor (gspafaterg feede ga%ir ay of
sem conductors Vgt g Hbhe ApSF Cehkfifol NAMPE ledst RRe vapol’ ESRAMEr Havid}

processi ng chanber vapor m xture; processi ng sem conduct or

pi eces wi t ingans hisrpdisecsing the vARem@Eengratorsferefl| gasegdiacent thengurfaceofaqfethe t he
desired resylifce liqui Aat 1 hoth BCHAMH B dubnd tftamO oGS N
sai d generaﬂlrfé lll%ucl?utgegmggéecght ?%It Irgl%tr?g %ﬁ)g %urft c?fgqee garsIrl s(t)Jpp'nlugéd to
sai d at 4§ evaporsme spuprer ligeider at or . SEl O-0114. M4

at least one processing chamber vapor supply in fluid communication with

at least one vapor generator to receive at least one vapor generator outflow
stream therefrom; the at least one processing chamber vapor supply serving to
supply a processing chamber vapor mixture to the processing chamber.

5 21. A processing system according to claim 20 and further characterized
by at least one diluent gas supply connected to mix with the processing chamber
vapor mixture supplied to the processing chamber.

22. A processing system according to claim 20 and further characterized
by at least one vapor mixer in fluid communication with the at least one vapor

20 generator, for mixing the at least one vapor generator outflow stream with
another constituent to produce the processing chamber vapor mixture supplied to
the at least one processing chamber vapor supply.

23. A processing system according to claim 20 and funher-characterized
by:

25 a plurality of vapor generators;

at least one vapor mixer in fluid communication with the plurality of
vapor generators to receive a plurality of vapor generator outflow streams
therefrom, for mixing the plurality of vapor generator outflow streams to produce
the processing chamber vapor mixture.

30 24 A processing system according to claim 20 and further characterized
by:

a plurality of vapor generators;
at least one vapor mixer in fluid communication with the plurality of
vapor generators to receive a plurality of vapor generator outflow streams

35 therefrom, for mixing the plurality of vapor generator outflow streams to produce

the processing chamber vapor mixture;
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33 o 55. A met hod according to claimb53 wherein said generating
I ncl udes controlling the anpbunt of source | iggsi PR e dmat
| east one g@ ﬁé“ﬁb gener at or. 56. iﬂ@;?hﬁﬁ giéb?dizﬁi?zqalaim
53 wherei nsal'dgenerating includes; 5 contr ) fd f

9 BEAZDS 1 SMArIREY

feed gas supplied to said at | east one vapor gen

controlling a flowrate of source |iqui @8upplied to said at | east one
vapor gener at or. 57. A nmet hod according to claim53 wherein
sai d generating at Nehitdese 18iluca@Mpasisigpld Edmiscell sOUMBe Wiilouhel piocbssingf | ow
of feed gas, wthin an | evapor]zation chanber fornmed within the vapor
gener at or . chamber vaporsmixture Asuppligd 4to, e PAPTESSIRG %P‘g‘F?ﬁ'SS wher ein said

generating inclyges: A processing sp6Ri dtcodidy td @WirRf205 24 Gerthéletadadiifeda
fl ow of feed gas W thin an _evaporization chanber formng a part of the
vapor geneittBat thefpdam| awpluralisy pfcwpes gengiatersand f1 ow of feed gas forning

a source; i qui dognd f@?o&@ﬁn%ﬁsﬁ&ﬁ%&&dmg tdRia%h J0end GRS bhahdiehited
vapori zed; passing the source liquid and feed gas m xture through
a di ffuser in that there a3@. a plarality fd varasogemarators Y deast Siwvoaed ther (vaRgr

charact ef | 4efleiors peing adapt%ggpﬁ%aﬁggpﬁgpg ltgeg!ayéag/r Bt drROWnEANgAL OF

out fl ow st rfeans, sal d vapor generator
out f| ow st femmsl wsingoplnralagource liguids t whgioh thaye sdiffering echpmisat Lonstijuetrigsber

vapor m xture. : : r qlis |l S t her
characterized bym‘ Agé’ﬁgérseg%‘P%gsééf‘g}%ecgg{au%g&\?ggg?z%gﬁgrfg{tg%r g%ir?‘f}g%iégt ream
usi ng a/solycet léaguiche heatehiwdtich spravideg)ihedt o xatuleastofondi é¢drapanent fothessi ng

chemcals. 25 . 61. A nethod according to claim 53 and further
char act er i PEBYE Chaﬁéﬁ%rvé??rnémgf"ﬁ'east one vapor generator outflow stream
usi ng a source [28qui dA procesking rystaml adesiing tetctdimn20 and fatthéralsdraanrzed

non-aqueou%ysgtl Yeears],;[ ‘one heater for heating gas which passes to the processing chamber
via at least one vapor generator.

15 29. A processing system according to claim 20 and further characterized
by at least one heater for at least one source liquid.

30. A processing system according to claim 20 and further characterized
by at least one heater for heating feed gas which passes to the processing
chamber via at least one vapor generator. .

20 31. A processing system according to claim 20 and further characterized
by at least onme rotor at least portions of which are mounted within the
processing vessel for rotating an array of semiconductor pieces therewithin and
for agitating the processing chamber vapor mixture supplied to the processing
chamber when said at least one rotor is in a rotational mode of operation.

25 32. A processing system according to claim 20 and further characterized
by a plurality of processing chamber vapor supplies which allow the processing
chamber vapor mixture to be introduced into the processing chamber at a
plurality of nozzle positions.

33. Cancelled.

20 34  Cancelled.

35. A processing system for treatment of semiconductor pieces with a
vaporous mixture, comprising:

a processing vessel which substantially defines a processing chamber; . d

at least one processing chamber vapor supply in fluid communication with

35 the processing chamber to supply a processing chamber vapor mixture to the

AR DR T

processing chamber;
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62. A method according to claim 53 and further characterized by

generating at | east one vapor generator OUtfbﬁTt am usj ng ce

liquid 30 which includes an etchant and at | mg or@e[nirjc6sa5lsz§|t.

63. A n¥thbit"tcording to claim 53 and further characterized by

generating at | east one vapor generator outflow str}PEAﬁJ%g- a3squ99y
al conhol .

liquid whi ch i ncludes an etchant an@9at | east one
64. A method according to claim 53 and further characterized by 35

diluting the at al qaat veper \seperatddeiey FPehérabibig f & Ofitset vapam pérekatar doutflomwt

gas. ) ) 34 . O65.

met hod  acSBPY¥Rngaido fickt apaRors genesator (having 2cfiefda&rbrUpRY Hhroush nebieh & ¢ o
heat at | ejsds QiR FRUPPNCR! suppliedethRfe®sesSi Ng chanmber vapor mi xture.

66. A processi n?‘ system for treatnent of sem conductor, pieces. wth a
vaporous mi xt ur @ Te$nliqyid seyreesfor supplying g S SOMFG Vﬁ%’é‘e& Whe Jrst ¥aRofpapl e
of beings sybgiap i ally closed to define a substantially encl osed

pr ocessi ng “"chanber ; at | east one vapor generator; said at |east
one vapor gener & 8acondwapgt generator for generating pqchgﬂdva@gmgaﬁrmt oytflew

hol di ng a SRULGE shigdtd L N, i ] alyRien f ged
gas supply t-héoﬂgshfdvﬁcgﬁ&%bﬁgk?ergmg ??avérclig fofeed g gas 1 Stﬁ?l}%gl i gghtg t he
vapor generleasbrone feed gas is supplied thefeded gas director in fluid

communi cation wit Qectolﬂﬁ Nqthe rsogx%gefo?tsﬁﬁplying a second source liquid to the second

10 vapor generator;

A

at least one diluent gas supply for supplying a diluent gas;

at least one vapor mixer in fluid communication with the first and second
vapor generators so as to receive at least portions of the first and second vapor
generator outflow streams therein for mixing; said at least one vapor mixer

15 further being in fluid communication with said at least one diluent gas supply
so as to supply the diluent gas thereto; said at least one vapor mixer serving
to produce a processing chamber vapor mixture which is supplied to the
processing chamber 'through said at least one processing chamber vapor supply.

36. A processing system according to claim 35 and further characterized

20 by |

at least one vapor generator evaporation chamber forming a part of at
least one of said first or second vapor generators;

at least one source liquid metering supply for supplying a metered amount
of source liquid from at least one of said first or second liquid sources to the

25 at least one vapor generator evaporation chamber.

37. A processing system according to claim 35 and further characterized
by:

a first vapor generator evaporation chamber forming a part of said first
vapor generator;

30 a first source liquid metering supply for supplying a metered amount of
the first source liquid from said first liquid source to the first vapor generator .
evaporation chamber;

a second vapor generator evaporation chamber forming a part of said .

T
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}‘eed gars] isgpply Lo’ Ioli rect feed gas into a desired interaction wth source
i qui e in the liquid conpartnent; i ver
for recei vighh MapOr generated by i nteraction BCTfHSlS 6/\/]_pgf5z§as W th
]Elhe Zour ce liquid; ] at | east one vapor generator output in
uid communi cation with the por receiver ou
vapf)r generator outflow streamfl ows 33 fromt m ggnrse%!t'o
at | east one processing chanber_ vapor  sup communi cation with 20
at |east one vapofcgBAetoRSr lighidpmetering éggﬁll\‘?e‘%ét s“lpcggYé‘ig 8n8‘°¥ﬁ§5‘% AU at or
outflow ShHEQRE sebbfd BB@&@ urw FESANRART sY@RAr liGuid MoYrceet ithe skcondS wapidry a
processi ng chanber vapor. ure to the processing chanber. 67.
At plroce55| sgngy?:tremaaet%wau ehpmbsTc| ai m 66 and further characterized by
at | east one dilgent gg,gé BeTO8R
chanber 25 vapo?4 mi? ﬁégﬁ%ﬁ?ﬁlﬂé& maah\grSt fd férR¥r s%dtmed
processisgbyya deasacaner @hu’tge tligquid anetering aﬁ‘ilP‘D’quTh&PPbﬁ%ﬁ a@ct"?r‘?’f@d“mwmby at
least one g JGRS! ) g{}fa ¥1%H1° t TeXE ohd ! 4id NieCad AAuild sourche 18tar
| east one vapor generator, £orm x) ng the at | east one vapor generator
ggtflow least r eaen tof phodfice tofe SETTESEIPOY ERRSHBLNT mpmramm Gpambezp
: A praces | t r zed
by, " SRR SRR U et 1 BABHAL Subely PRGN, BRj gt e]
vapor m xepump.fl uid comunication with the plurality of vapor
generators to regeive | ur.al it L at t &% q3°
t her ef rfﬁn for %(‘9 Xi ng‘\tqucezifm?é&%fmonecggﬁﬁ r gg“rlftia}rgagt’(%r&l é*‘?&oﬁvﬁ&%’?rea#ﬁ to
produce theypipdessiag shaobdiquidipneteningt supply for supplying a metered amount

of source liquid from at least one of said first or second liquid sources to the

at least one vapor generator evaporation chamber, and wherein the source liquid
metering supply includes a metering pump which is a positive displacement
15 metering pump.
40. A processing system according to claim 35 and further characterized
by at least one source liquid metering supply for supplying a metered amount
‘of source liquid from at least one of said first or second liquid sources to the
at least one vapor generator evaporation chamber, and wherein the source liquid
20 metering supply .includes a metering pump which is a positive displacement
metering pump with sensed control of the amount of fluid actually displaced from
the metering pump.
41.  Cancelled.
42. A processing system according to claim 35 and further characterized
25 Dby:
a first vapor generator evaporation chamber forming a part of said first
vapor generator;
a first source liquid metering supply for supplying a metered amount of
the first source liquid from said first liquid source to the first vapor generator
36 evaporation chamber;
a second vapor generator evaporation chamber forming a part of said
second vapor generator;
a second source liquid metering supply for supplying a metered amount

of the second source liquid from said second liquid source to the second vapor
35 generator evaporation chamber; —_—

LU,
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35 70. A processing system accordin 0,.cl ai 6.andyf urt her
characterized in that there are a plural iP T¢€J§a&3k} 6&&9[@?2

71. A pragRssiiag systemaccording to claim66 and further characterized
in that there are a plurality of vapor generators, at least .t “&{1%
vapor 5 generators being adapted to generate vapor AﬁSrwguf W
streans which have differing chem call constit uenci es. 72.

A processing system according to claim66 and further characterized by
at | east one exsitcirasoont otilugas sasrwpphgiratfluid gemmymicatigpoVitycher att dgast

out f | ow L ; . di r L0 ;S VisiEdN AC [ t I m
66 and furt?’urzer vgﬁgPr an(l:.‘tQ?arr it%e%mz%e gi}&adt? ?%:??m%néée@si ccat gglrn?oﬂr}gt &% e
desat ur at i ngroa¢ssingacitamige wagpomigwmer at or out f | ow stream said at |east

one exsiccator haying,al_| % : r af-or [ -
cooling the vapo 'genér é&ogggglgt%ow g%?é%{%gqg Hif 3§98h7f§?ther z\h%yra%ttgggés)al ng
syst em ascobyliangieass cheailwated whidhf provides hehartacaeri¢asednes component| efashe one
exsiccator for desaturating at |least one vapor generator outflow

stream sai Bm&?sq“@aglfa"gﬁé &?gfcrﬁ "Wt having at [east one vapor generator

heating  unit44.or Repiocoging!t systeds hcoonding ap alaigeBraat ofurther characterized’S.

2t cact on® ShapERLed esier ot e B HEE RSHCSoffe BagBrosuRe, GEBPeT

outflow 20 ixrfapdastSane wipot gRAérabsre exsi ccator having:

AR T I R AT QT W —

out put ; by at least one heater for heating feed gas which passes to the processing
chamber via at least one vapor generator.

46. A processing system according to claim 35 and further characterized
by at least one rotor at least portions of which are mounted within the

15 processing vessel for rotating an array of semiconductor pieces therewithin and
for agitating the processing chamber vapor mixture supplied to the processing
chamber when said at least one rotor is in a rotational mode of operation.

47. A processing system according to claim 35 and further characterized
by a plurality of processing chamber vapor supplies which allow the processing

20 chamber vapor mixture to be introduced into the processing chamber from a
plurality of positions.

48. A processing system according to claim 35 and wherein the at Jeast
one vapor generator is further characterized by a vaporizer jet for mixing source
liquid with the at least one feed gas.

25 49. A processing system according to claim 35 and wherein the at least
one vapor generator is further characterized by:

a vaporizer jet for mixing source liquid with the at least one feed gas to
provide a vaporizer mixture;

a vaporizer plenum for receiving the vaporizer mixture from the vaporizer

30 jet and providing vaporization of the source liquid contained in the vaporizer
mixture.

50. A processing system according to claim 35 and wherein the at least
one vapor generator is further characterized by:

a vaporizer jet for mixing source liquid with the at least one feed gas to

AR

35 provide a vaporizer mixture;
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at | east one vapor generator heating unit for heating at |east one 25

vapor generator. : 76. A processt t a r :5:??) claim 66
and furthegpehanasteri zed by at |east omg €g]enzr:ita odl i ng unit

for cooling at | east one vapor generator outflow stream 77.
A processing systemaccording to claim and furth ﬂ'u ctgr' 7 by
at | east one vapor generator heating unit“for heati?gf ast ?{)ﬁg \éggr
gener at or. 78. A processing systemaccording to claim®66 and

further charact é V3RRfizer Pleyim Hat Te¢rdving he@pote DHPYF GeMetist IPOTRET udes
at |east 02& Rakf bFovid?ﬁ% d)afa&giddaﬂ of tht! Qured 1Rfuid @Rataise i Rer HUgdriLeed

gas adjacent to source Tiquid.
36 mixturg,9, A processing systemaccording to claim®66 and further

characteri zed 4 diffyst BositiBfied 3 Anfidendd! HER! ABw! RSy brikaangteneﬂlem
baffl e for inpedi ng oW o vapors fromthe |1 quid conpartnent to the
vapor regeieffgct increased homog®@eity i\ the oateledbtngne Wapemganeratodi oifflow &reaimm 66

and furthere“ﬁpﬁéaﬁaﬁm%ﬁq&e] asticﬂwt b?ﬁort ggnefrgt]%q. gas director includes at

| east one ba I'nes a onvoluted flow path for the feed
gas. H1l. A/lpmcesiagsiystgms geoeding ftor claime 35 ramdt whéreire piec ahdesast or

pieces wit hon% vapotvg neraror igﬁ 1913}1 EF ’ch(gl%%rrizgci‘l r}%' _
a vaporizer jet for mixing source liquid with the at least one feed gas to
16 provide a vaporizer mixture;

a vaporizer plenum for receiving the vaporizer mixture from the injector
and providing vaporization of the source liquid contained in the vaporizer
mixture;

a diffuser having a plurality of diffusion passages positioned to restrict and

15 mix fluid flow from the vaporizer plenum to effect increased homogeneity in a
vapor generator outflow stream emitted from the at least one vapor generator.

52. A processing system according to claim 35 and wherein the at least
one vapor mixer has a mixing chamber and a plurality of mixer inputs; said
mixer inputs being in fluid communication with a mixing chamber; said mixer

20 inputs being oriented to be in a convergent input pattern.

53. A method for processing semiconductor pieces using a vaporous
mixture, comprising: |

positioning an array of semiconductor pieces into a processing chamber
defined within a processing vessel;

25 generating at least one vapor generator outflow stream from at least one
vapor generator by combining a feed gas and at least one source liquid;
supplying a processing chamber vapor mixture to the processing chamber;
said processing chamber vapor mixture including at least portions of the vapor
generator outflow stream;
30 rotating the array of semiconductors within the processing chamber in the
presence of the processing chamber vapor mixture;

processing semiconductor pieces within the processing chamber for .sufﬁcient _
time to effect the desired result. e

54. A method according to claim 53 wherein said generating includes

35 controlling the amount of feed gas supplied to said at least one vapor generator.

A ———




a processing vessel which is capable of being ntial)y cl ?go
define 10 a substantially enclosed processing r;9 / 1855 | east
one processiong+rRanber vapor supply in fluid conmunication with t he
substantially encl osed processing chanber to supply SsijrE Malya

vapor mxture to the processing chambergs 'ftﬂ@ggt og vapor
generator for generating at | east one vapor generator 15 outflow stream
said at |east opg vapor r . i ng . at ANS includep! y
t hrough whi ch agg‘l eagt “beg}g&feeagéchgg a?és @gb‘gp?iu %é%ﬂgr %tl%eggﬂ%fqgﬁg elggll ugas

di rect or i corfttaliigg chemaumbwmt iofnsomireeh ligoel fseppliegaso ssaipl 3t dgadt cenef ivgpeed to

di rect the feed gas wthin the vapor generator; said at | east one vapor
generat or 8P¢TYQE1| ow streamincluding the at |east one feed gas and vapors
of : 20 56. Ahytigeacddrdiagi erclaim 53 wherein said genwasténg includes:

at | east. one non-aqyeous sol vent; t |east.one vapor m X I n
fluid cSmuni caf‘?rﬁg‘ﬂﬁﬂ i ?]ﬁ(‘-;v Lite) b deed, gas Supg\‘?ﬁ‘pg? ségigea?alfgs?, 5?%1rva§151§<i ng
the at | eagéne@storyvapor generator outflow streamto 25 produce a processing
chanmber vapor m xture which is sugpl ied to,the gi]rcgcessl % 1 chanber
through the at FY4&Rligha ﬁ?‘ﬁc’é‘:’:‘sf’ gowre Hodd $4aP, _§Bp56f‘{/].t east one vapog,

A processi Béheratem according to claim81 and further characterized by
at |l east one diluent gas supply in fluid _conmunication with the at |east

one vapor ndker to Mathed fecerdingetft clRim oA WFTFIE SR EEREERING, ICHEPE of

the progessiind CHARBRT ofaRBErcE Mol with a_flow 8B feed A gR OWRAEI N
system according to claim81 and further characterized in that- there
are a pl ur avipoyization, ghambefe fremedowishigh then VaRaTeEReEAATpl ural ity of vapor

generator outf! gy StiCanod NEcoBRR’ IeNBRASPwWHRNIA| AN FehcrdiiRg hRUIGEsH xed
by the at | east one vapor m xe 84. A

r. processi ng system
according to cl sombidingarad flow tofesouseenrliguidrvighep flow pf: feed gas within an
evaporization chamber forming a part of the vapor generator; said flow of source
15 liquid and flow of feed gas forming a source liquid and feed gas mixture in
which the source liquid is vaporized;

passing the source liquid and feed gas mixture through a diffuser.

59. A method ﬁccording to claim 53 and further characterized by:

generating a plurality of said vapor generator outflow streams;

20 mixing the plurality of said vapor generator outflow streams to form at
least portions of the processing chamber vapor mixture.

60. A method according to claim 53 and further characterized by
generating at least one vapor generator outflow stream using a source liquid
which is a liquid mixture of different processing chemicals.

25 61. A method according to claim 53 and further characterized by
. generating at least one vapor generator outflow stream using a source liquid
which includes an etchant and at least one non-aqueous solvent.

62. A method according to claim 53 and further characterized by
generating at least one vapor generator outflow stream using a source liquid

30 which includes an etchant and at least one organic solvent.

63. A method according to claim 53 and further characterized by
generating at least one vapor generator outflow stream using a source liquid
which includes an etchant and at least one alcohol. ,4?;

64. A method according to claim 53 and further characterized by

35 diluting the at least one vapor generator outflow stream with a diluent gas.
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SEl O Oz 14. NP4 I f a plurality of said vapor generators which
generate a plurality of vapor generator outflow stre por
generator guifl.Qw streans being m xed by POT Uaé/ ?”ilétsj% m xer;
at | east one él I'uent gas supply in fluid comuni catlon Wlt 9
one vapor mxer to provide diluent gas \3@ ch |s mx rmlpﬁm\ W
processi ng chanber vapor m xture. A proceSS| ng system
according to claim81 and further characteri zed at | east qgne
exsiccator for @8sat u¥ amethgdatacterding dﬁecliiémoﬁgé%rB{fH}CfoﬁlﬂaffP‘a\ﬁF‘zed by
stream 10 %@ S

heating t t h#m6éaldPo3 ImBdidt
further chaF’a S 3 at '?éag{%ﬁ‘é %‘x@%n@%ﬁé?@gﬁgg%?%?@cor d%asa{guratl ngeat
| east one vapor 6generﬁatmpcex;smgl goem forstreatmgntsaf gemiconduaer @igces ¥tk ¢t or

havi ng at gast N§LAt or cool i ng unit for cooling the vapor
gener at or SR BW rg’tn“%g coxﬁS b 87. A processing system according to
claim 815 and f urat prarcessivey sesselr whichl it apihle aif being tsubstentiatlyi desgdoto flefine

desaturating gt |east on ener at utfl ow stream said at |east
one exsi ccdt 8&8Fﬂ\ﬂaﬁ§ eé’tCEﬁs%cgsqm%e%gné & g‘bﬁgner ator heating unit for
heating at | eastatonestvamrvagmgeaémmr, said at least oR8. vapoA gnmmesihaginsyst em

axei ccator for desat Ut JANHg SHPPFEHER. St NOEh 2oesmare g feEln e
a vapor generator feed gas supply through which at least one feed
19 gas is supplied to the vapor generator;

a feed gas director in fluid communication with the vapor generator
feed gas supply to direct feed gas into a desired interaction with source
liguid held in the liquid compartment;

a vapor receiver for receiving vapor generated by interaction of the

15 feed gas with the source liquid;

at least one vapor generator output in fluid communication with the
vapor receiver and through which a vapor generator outflow stream flows
from the vapor generator;
at least one proéessing chamber vapor supply in fluid communication with

20 at least one vapor generator output to receiiie at least one vapor generator
outflow stream; the processing chamber vapor supply serving to supply a
processing chamber vépor mixture to the processing chamber.

67. A processing system according to claim 66 and further characterized
by at least one diluent gas supply connected to mix with the processing chamber

25 vapor mixture to the processing chamber.

68. A processing system according to claim 66 and further characterized
by at least one at least one vapor mixer in fluid communication with the at
least one vapor generator, for mixing the at least one vapor generator outflow
stream to produce the processing chamber vapor mixture.

30 69 A processing system according to claim 66 and further characterized
by:

a plurality of the vapor generators;

at least one vapor mixer in fluid communication with the plurality of .

vapor generators to receive a plurality of vapor generator outflow streams

35 therefrom, for mixing the at least one vapor generator outflow streams to

0 ) 1

produce the processing chamber vapor mixture.
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20 stream said at | east one exsiccator having: t | east

one vapor generator cooling unit for cooli ng?ﬁalwor (‘/ 1657 generator

outflow strgam.ilaw ng fromat | east one vap ato out put;

at | east one vapor generator heating unit for heati @pﬂt/ugasl IMAY 3%
vapor generator. 89. A proc gsi ng systemaccording to claim81

and further characterized by at |ea one vapor generator cooling unit
for cooling at |east one vapor generator outflow stream ] 90.
A processing syst@m adcBrogpsibiet siempepogdingig dlaim feand Harther charzeigrizg! by

at | east on o] t] i ating at | east one vapor
ViR {hegéga?;aé %erglr%fg bf‘g»aﬁég} ge:(e%toFse. g9 vap

gener at-or. cessi ystem according to claim8l and
further characteV}.zedA processinghsysterthaccardingastclaime 6§ apdrfughae charaeteriped udes

at | east O% Mtf ltﬁerfeoﬁzl'eidialrﬁg{trglrﬁg of va[a!)lo\%eﬁgra%rs,l gﬁslteaégnﬁvcge&ertl?é C{IapInBEd

gas adj ace t o source q
38 5 gener@iprs beifg mdepted stiongereyae empaccgemathl_mg auwflew strer@s wrich havda her
characteri Zf?’!?ﬁggagn'h%ﬁig?t t %uf eed gas director includes at |east one

baffle for ‘E::] fw TP en?}%spors fromthe liquid conpartnment to the

vapor receiver. 72. A procef3thg systdnpacwediagng oyim 66naadcfurtienghimactekiaeédn 81
and further,_characterized, .
by at least one exsiccator for desaturating at least one vapor generator outflow
stream.
10 73. A processing system according to claim 66 and further characterized
. by at least one exsiccator for desaturating at least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor genmerator cooling
unit for cooling the vapor generator outflow stream.
74, A processing system according to claim 66 and further characterized
15 by at least one exsiccator for desaturating at least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor generator heating
unit for heating at least one vapor generator.
75. A processing system according to claim 66 and further characterized
by at least one exsiccator for desaturating at least one vapor generator outflow
20 stream; said at least one exsiccator having:
at least one vapor genmerator cooling unit for cooling the vapor
generator outflow stream flowing from at least one vapor generator
output;
at least one ﬁpor generator heating unit for heating at least one
25 vapor generator, _
76. A processing system according to claim 66 and further characterized
by at least one vapor generator cooling unit for cooling at least ome vapor
generator outflow stream.
77. A processing system according to claim 66 and further characterized
30 by at least one vapor generator heating unit for heating at least one vapor
generator. _
78. A processing system according to claim 66 and further characterized
in that the at least one vapor generator includes at least one baffle for directing S

flow of at least one generator feed gas adjacent to source liquid.

_—
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5 in that the feed gas director includes at |east one baffle which

defines a convol uted flow path for the f Emg§ matAer/i ;,1.'6 5?19 A

met hod f or S§3tBE&8si ng sem conduct or pieces t

t herefrom conpri sing: generating at | ee’P{Azrt}SvapngwqggWor
stream from at | east one vapor 10 genergpor using a generator feed gas’and
at | east one source |liquid contained In the at | east one vapor

generat or; . ratd ' djn [ f gas .director to
di rect the,feed‘}gjas A tpt](z‘ﬁﬁongE 5% Eiéerg%ﬁlé%(&%n Lo gﬁfu‘gcéeagf&{ t@ggﬁr ai?cf@“%'f‘zetdhe at
| east one #buhdtethd deddi;gas director includie$ Ldti legstabné cmsfie cfnedini:ppoilnggﬂmraﬁf o(r]I
streamto [ r.o i 5 ch er, streamusi.ng a dilution gas fe
into the vap%?ygg%@rgﬂeor&g?r%gnné nllecnr%ng th? _svaB?ﬁ 5E|‘E°“fe om t he vapor
generator; 80 A puppebsnggystdme apcardapsionglaithagtbend Fintkanthdraderized

' iNg.c | i ch .can be renderedq substantially encl osed;
Pt ocossing TbaMbahauREEr o UERRY e HeE el ISt eRes i an BBEDL SR RS He 20
processi ngceivoidied Sdw qauth for the feed ga85b. A nethod according to claim

94 and further aracterized b enerating at | east one vapor .
generat or st reaﬁ?i ncPuPRAGSSRe e%ifﬁ’&n@graﬁ‘iﬁa‘é‘fenlt e‘é’gtsem‘°°n%°fn(8f‘ﬁ°§§1d@8h§

sol vent.  vaporous mixt%fe, con?prigi@g:hod according to claim 94 and further
characterized by 25 sg_enerati ng .at .| east one vapor generator stream

i ncl udi ng an et @hREYCESIRG vessal ueh is capable of Peing substapsiglly closed to defineg7,

A methpad acems@ntiglly @nclobed ProRsidg@himbéher characterized by
generating at |east one vapor generator streamincluding an etchant and at
| east one aPtbdeast ongoprocessing chymber vaporsupRly inafeidr enmmgurisatiomwith 94
and furt hegnec habagh@ilyZ @dclofd proceSGRE Hakider o lsEapy 20 ro‘é@s%ﬂf&gﬁ%fa@g or
stream i ncl udi ng an etchant ang at | east one all phatTc al cdhol.

99. A nEIRATIMERRES &9 rthe tRrocessiagnehambesnd further characterized by

at least one vapor generator for generating at least one vapor generator

15 outflow stream; said at least one vapor generator having at least one feed gas
supply through which at least one feed gas is supplied thereto and a feed gas
director in fluid communication with the feed gas supply and configured to direct
the feed gas within the vapor generator; said at least one vapor generator
outflow stream including the at least one feed gas and vapors of:

20 hydrogen fluoride;

water,
at least one non-aqueous solvent;

at least one vapor mixer in fluid communication with the at least one
vapor generator, for mixing the at least one vapor generator outflow stream to

25 produce a processing chamber vapor mixture which is supplied to the processing
chamber through the at least one processing chamber vapor supply.

82. A processing system according to claim 81 and further characterized
by at least one diluent gas supply in fluid communication with the at least one
vapor mixer to provide diluent gas which is mixed to form part of the processing

30 chamber vapor mixture.

83, A processing system according to claim 81 and further characterized
in that there are a plurality of vapor generators which generate a plurality of
vapor generator outflow streams; the vapor generator outflow streams being mixed
by the at least one vapor mixer.

35 84. A processing system according to claim 81 and further characterized

by: —
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generating at |east one vapor generator strearp) Ugi an et F and at
| east .35 one al cohol, the al cohol being sel e@GW nﬁ6e?gfﬁ Zg sisting
of net hanoksgt-oismoet hanol , i sopropyl al cohol, butanol, propanol and

n- pr opanol . 100. A net hod I) gt
and further characterized by genera |7ng at gpﬁgm 3rM or
erei

stream i ncluding an etchant with aqueou hydrogen fluoride th
at | east one or A net hod afco din

claim 94 and f rPh’é?ls téhsf ée'eieﬁ%dgwmsfs %ﬁaﬁfﬁ& & Plusality eﬂéfala%rpor

generator gki&argri 6eINAti BGeahs; eﬁ&h%ﬁor\/\géderﬁey%wﬁow streddl BARE hixk@rbyre
therein, and at | east one al cohol . A nmethod according to

claim 94 ABf 3 JleaHcPng AP MKETy o by generatl ng at | east one vapor

generator streamyi@gd Ué’ﬁé“@hlﬁ@ntetgﬁﬁéﬂé] pIyd ffnh ﬂaﬁue&uﬁumau@ﬂ dgR0ane f Atuwasp'e
therein, and at |east one al cohol e” al cohol being selected 10 t he

group cohsi3€i KPSt MHXEThith dirovide hailismt gasophishy s ariseshdp, fasm el | Of the

propanol arg,ddsdhPRaagb xture. 103. A nethod accor di ng to claim 94
and furtherB chgr aéc)t e?l:ﬂzeer "E@f‘ mi ‘e1§<63| ccating between the generating and

suppl yi ng st eps 8o r Adipsecessing dpgeracacodrding tas alaimafli end ifurthére chdra¢teriessd

fl OW ng to bk dﬁf i t %ﬁé' icgﬁ?g??{z éiagaguratmg at %94 éA‘ vagg{ Egger% ocroggéfpogv to

claim 94 a charac - Exstecar Ing-at A'east one vapor
gener at or stregam WhICh I s out put from at | east one

10 86. A processing system according to claim 81 and further characterized
by at least one exsiccator for desaturating at least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor generator cooling
unit for cooling the vapor generator outflow stream.

87. A processing system according to claim 81 and further characterized

15 by at least one exsiccator for desaturating at least one vapor generator outflow
stream; said at least one exsiccator having at least one vapor generator heating
unit for heating at least one vapor generator.

88. A processing system according to claim 81 and further characterized
by at least one exsiccator for desaturating at least one vapor generator outflow

20 stfeam; said at least one exsiccator having:

at least one vapor generator cooling unit for cooling the vapor
generator outflow stream flowing from at least one vapor generator
output;

at least one vapor generator heating unit for heating at least one

25 vapor generator.

89. A processing system according to claim 81 and further characterized
by at least one vapor gemerator cooling unit for cooling at least one vapor
generator outflow stream.

90. A processing system according to claim 81 and further characterized

30 by at least one vapor generator heating unit for heating at least one vapor
generator. _

91. A processing system according to claim 81 and further characterized
in that the at least one vapor generator includes at least one baffle for directing

flow of at least one generator feed gas adjacent to source liquid.

-
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vapor generator. 105. A nethod according to claim 94 and

further characterized by generating a pluraly ,‘Ld\(;ﬁg @i£®T9

streans andE&@omiyMpti ng the plurality of 20 vapor _
106. A nethod according to claim 94 and further characterized by
generating a plurality of vapor generat ogsstreams and m xi ng the pl ural ity

of vapor generator streans. 107. %ﬁéﬁ COI’dI

claim 94 and fug4her r 2 n t %|rya3

gener at or strearrvgﬁ andArTPf;Hcggs n%héeﬁt%g'ugg oré;l?gqg crdih gg% 8‘? §t‘ c‘§f‘?“e‘§“7
with a di| usnthajathesfeesiagas dxrecmr mcludélsoat leakt omet baffle aforointpedingt €odl af m
94 and further r t|n Iurallty of vapor

gener at or {hﬁeéér:mt}?o;rﬁ ‘2 f’ ﬂ%é“’?ﬁg‘"ﬁf 3Paﬁ VAPgf e § fece W&fapor gener at or _
streams prior to9ihe aupmcyssmjg skem a%rdnng to cldif2981 aiihefufmtheﬂg:aaleﬂgéh ng
to cIa|m94a furthgr .characterized i,n t rector I ncl udes a
wal | to forfht ﬁ%t gé‘f i ﬁ&ﬁ BAt R ‘Pﬁlé‘dgijraf‘aieé“opnt’ hgaf?]e highy fefings, 2
source |i quéchvoluted flow pathl¥ék thellfeedphtiod according to cl al m 94 and

further charactefized,in that the defined path is spiral. 35 )
111. A met hod fé+ précé?é‘?@gf%'eﬁf‘t%?ﬁﬂ‘thss‘i‘“csp PIECPLAD IS MPNE cplerial

therefrom hergfkér] Remprising:

generating at least one vapor generator stream from at least one vapor

10 generator using a generator feed gas and at least one source liquid contained
in the at least one vapor generator;

the generating including using a feed gas director to direct the feed gas
along a defined path adjacent the surface of the at least one source liquid,;

diluting at least one vapor generator stream to produce a processing

15 chamber stream using a dilution gas fed into the vapor generator stream which
is output from the vapor generator;

supplying the processing chamber stream to a processing chamber which
can be rendered substantially enclosed;

processing semiconductor pieces within the processing chamber using the

20 processing chamber stream.

95. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one non-aqueous solvent.

96. A method according to claim 94 and further characterized by

25 generating at least one vapor generator stream including an etchant and at least
one organic solvent.

97. A method according to claim 94 and further characterized by
generating at least one vapor generator stream including an etchant and at least
one alcohol.

30 98. A method according to claim 94 and further characterized by
generating at least one vapor generator stream mcludmg an etchant and at least
one aliphatic alcohol.

99. A method according to claim 94 and further characterized by S
generating at least one vapor generator stream including an etchant and at least

35 one alcohol, the alcohol being selected from the group consisting of methanol,

-

ethanol, isopropyl alcohol, butanol, propanol and n-propanol. o TTT—
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generating at | east one vapor generator streamfrom at |east érge]rlgoor
i

generator using a generator feed gas and at | Ga't/uﬁe 's&/c}
cont ai ned sei-pipMohe at | east one vapor gener at¥r: e generating being

performed so as to i ncl ude an aqueous et chant ast 199
non- aqueous solvent in a processing 5 cp er strmug is)ssa east
partially constituted using the at |east “one vapor generator stream
exsiccating to reduce the.ri,sk of ;saturatjon Lh th  xtures flow n 0 the
processi ng chanﬁgg'; A~ method™acfording; 19 tchg“p%cégii ﬁ}dﬁ'ﬁeﬁa gﬁ“ﬁ’?"é@nﬁ”fo a
pr.ocessi ng geheratieg avflessh dne vapoe Gehétdbrean andedingrans efeRimnivith! dgheous

encl osed; rocessi.ng sem conductor pieces wthin the processing
chanber usPHEFOBRR ﬂ“d%dﬁr &¥8; ﬁﬁgc‘ﬁaf?ﬁé‘r °§Fr‘é‘§f‘ﬁ“" solvent. 112. A net hod
according to claom 11A ;ethodurdcb@dinghabaclaghi 38dahd hltéer chafabRrig@neppt i ng.

I ncl udes_at | east one vapor- generator stream which includes at 15 |east
one or gahi EeLYRRat least one vapor jgegerator stream dnclpding Anngtchantc Mih4areeusing

further chayaigeni mestideNtieddih, and ithagenRQE afitdibil ncl udes at | east one
vapor generator stream which 1 ncludes at: | east one al cohol .

114. A nethod d®or dt nfethodclaaPerding] tandlaimr Sfernd hfireharechatagterided hby 20

t he gener aty| ol { T t b Chhul udes
ar . OCTPLagCaling d¢ ek Hne PTE AEra(GP e i IRUENAE <5 LRARL: Wb ddoBis UM

claim 111 awdrogent flegriden sheteinerangdedt ilpast hene alcohphcthgeplspbali heingnsalepted at
| east o r o] eam ' lsncl at: e ne hol
B il L s L e R P

consi sTing met hanol, | SOpropy
al cohol , bwrepasio]l andoparopanghd n- propanol . _ 116. A met hod _
according to cl 31'[081. 111 aeh Jaur D6 A5 2 Clafh! 284 ah&'. Me& chaltam%rgg@efagt' ng
I ncl udes at | east one vapor genera St ream whi ch i ncl'udes. aqueous

hydr ogen f leasicéating abedween |tbasgeneratingr gmhiscpplying estéps to reduce the degree of
saturation in the mixtures flowing to the processing chamber.

15 104. A method according to claim 94 and further characterized by
exsiccating at least one vapor generator stream which is output from at least one
vapor generator.

105. A method according to claim 94 and further characterized by
generating a plurality of vapor generator streams and combining the plurality of

20 vapor generator streams.

106. A method according to claim 94 and further characterized by
generating a plurality of vapor generator streams and mixing the plurality of
vapor genmerator streams.

107. A method according to claim 94 and further characterized by

25 generating a plurality of vapor generator streams and mixing the plurality of
vapor generator streams with a diluent gas stream.

108. A method according to claim 94 and further characterized by.
generating a plurality of vapor generator streams and combining the plurality of
vapor generator streams prior to the supplying step.

30 109. The method according to claim 94 and further characterized in that
the director includes a wall to form the defined path with the surface of the
at least one source liquid.

110. The method according to claim 94 and further charaﬁterized in that Ve
the defined path is spiral.

35 111. A method for processing semiconductor pieces to remove material

A

therefrom, comprising:
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117. A method according to claim 111 d furth t 30
the generating incl udes—g—aqueeusl—mmgggg fl E(r)rl ?ecmagcéeéeé?ﬁ)sj por

generat or stir@amoi east one al cohol . %
met hod according to 3 EB»], H ﬂ !]u"ther charact er |i?{(AﬁUﬁthht3 MA mtf
generating includes ride and at |east one vapor

generator stream which i ncI udes at |ea one al i phatic al cohol.

119. A net hod di .claim11l and f
ne gener at i ng BRCTABE Moltat,EnhyAPey @RoPieiyr PR PR

41 gengend

fag. AL,
raforshsiggna \@ancﬂﬁtdrnﬁdek}dg& ahdlaam‘astonae adommolhqsﬂl egriteihedr om

the group , onsi sti ng of nethano n but |,
Ool P oty 8731 T4 ha vabor geteratof. U3 FeneafiRgiag gRHERA o 8 dPai in
111 and f uridnede ﬁhaerq%eb@sr e#BEntb¥nd at Jeneoaki mp- Qq\lébUS‘ ablvent i avPodssing

pr opanol

generator streans and con‘pl ni,ng t

por, gener at or

streans.5 chamber strgamp which h‘etaﬁo’gaﬁng‘i&ghﬁgX%"@I‘% rﬂsmflihegrf’d #ﬁ?‘t 18f

characteri Zﬁﬁo
m xi ng the p

net hod accor di

:b)éeneratoﬁ!eﬂ&raﬁil ng a plurality of vapor generator streams and

urality of vapor generator streans. 122.

ngwecaéllna. t reduge shel tiskr ot BAURIHAR Bt B rmum ﬂ°Wm§;éﬂé|h5t i ng

a plural ity ofeMapPUhagper ator streans and mxing the plurality of

supplying the processing chamber stream to a processing chamber which

18 is controllable to become substantially enclosed;

processing semiconductor pieces within the processing chamber using the

processing chamber stream.

the

112. A method according to claim 111 and further characterized in that

generating includes at least one vapor generator stream which includes at

15 least ome organic solvent.

the

113. A method according to claim 111 and further characterized in that

generating includes at least one vapor generator stream which includes at

least one alcohol.

20 the

114. A method according to claim 111 and further characterized in that

generating includes at least one vapor generator stream which includes at

least one aliphatic alcohol.

the

115. A method according to claim 111 and further characterized in that

generating includes at least one vapor generator stream which includes at

least one alcohol selected from the group consisting of methanol, ethanol,

25 isopropyl alcohol, butanol, propanol and n-propandl.

the

116. A method according to claim 111 and further characterized in that

generating includes at least one vapor generator stream which includes

aqueous hydrogen fluoride and at least one organic solvent.

35 the

117. A method according to claim 111 and further characterized in that

generating includes aqueous hydrogen fluoride and at least one vapor

generator stream which includes at least one alcohol.

the

118. A method according to claim 111 and further characterized in that

generating includes aqueous hydrogen fluoride and at least one vapor

generator stream which includes at least one aliphatic alcohol.

35
the

119. A method according to claim 111 and further characterized in that

generating includes aqueous hydrogen fluoride and at least one vapor
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vapor generator streans with a diluent gas stream 123. A
met hod according to claim 111 and-further ﬁE{F y 65 e?atlng
a plurality,of, Mmapor B! I and conbinin the plurati Ty o
vapor gener at or streaagﬂm ﬂj [iiupplyl ng step. 2
eces to rermvelﬂﬁPa‘rUSl ]3&4“ @9.7

nmet hod for processing
therefrom conpri sing: generatddhg a plurality of processing vapor
streans froma plurality of vapor generators using at |east one

gener at or fgsedragers samegmawpichr iiicmdys oft Fast ome| algohals sdectednframnehee i groume

bl ural Uy oo @00r GCHALAIS emanet  isoprogll biAfhd otbi?! blobatl RERCGSS! N0

vapor streafts orm a processing | uting
usi ng a di lptbparolgas which is fed to becone part of the processi ng

P ST 2D e PR 5 BN L REINN B

processi pg gasiatiagdigileralify 6EeapoY gbietatonestfaanessd ragmehamgaehe Ut ragityt he
processi ng chanber stream 125. Cancell ed. 30 126.
net hod accoPBPh@CEErITaffiF2®*%4 and further characterized in that the

generating incluggs: A method acBéragigaltbN@laéh I ERSindorferthéc matacveriped syream
i ncluding an etchant; (p;eneratl ng at | east one s

ol vent va
stream i ncl8f@FFYING 3oPlatlity of vapor genemator sikedms ARd AUTFE Gy ptl‘tfagtyapﬁt 124
and furtheryg ?garg%ggﬁrgétzegedrﬁg that 35 the generating includes:

gener at i ng at | east one etchant vapor streamincludjng an etchant;

A method according to claim 111 and further characterized by
generating a plurality of vapor generator streams and mixing the plurality of
vapor generator streams with a diluent gas stream.

123. A method according to claim 111 and further characterized by
generating a plurality of vapor generator streams and combining the plurality of
15 vapor generator streams prior to the supplying step.
124. A t'nethod for processing semiconductor pieces to remove material
therefrom, comprising:
generating a plurality of processing vapor streams from a plurality of vapor
generators using at least one generator feed gas and a plurality of source liquids
20 contained in the plurality of vapor generators;
mixing the plurality of processing vapor' streams to form a processing
chamber stream;
diluting using a dilution gas which is fed to become part of the
processing chamber stream;
25 supplying the processing chamber stream to a processing chamber which
can be rendered substantially enclosed;
processing semiconductor pieces within the processing chamber using the
processing chamber stream.
125. Cancelled.
a0 126. A method according to claim 124 and further characterized in that
the generating includes:
generating at least ome etchant vapor stream including an etchant;

o
KN

generating at least one solvent vapor stream including a solvent. .
127. A method according to claim 124 and further characterized in that
35 the generating includes:

~ generating at least one etchant vapor stream including an etchant;
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42 generati ng at Ieast one sol vent an
organic soI ven . A rret hod accom Wrrm%?j g
further chsmantm+ ze{ﬂlmwﬂ “m/ generatl ng incl udes

generating at |east stream i ncl uﬂ% Al et 1 3MAY ‘ggq

generating at | east one “sof veht va|60r st43eam i nclu an al cohol .

1ﬁ9 A net hod accordi ng to claim 124 and further characterized in that

t he generating i e n L &3 ﬁ{ or
stream i ncl udi ngégglﬁﬁe lteaSt one soNe E, n(]!errgfe%'l ' ‘%%2? g‘?g&go \1/\)6(:?]1?
vapor streami ndl28d| gy racthadi czheddjng e cmm bZkah@lmbbcmgh&remem@dﬂf thah t he
group consistin et hanol , i sopropyl al cohol , butanol,

n- propanol . the ge eraung ‘“f@‘g A nmet hod according to claim 124 and furt her
Ichar acterized i rgehbating at lelagt gnaeatehaimngvaipnclmem including an etgamer ating at
east ong et chant va eam i ncl et chant onpr agueous
hydrogerf f | uor i REMC2 ating at Hesd ﬁgﬁest‘) ‘{ef' 3’“8? é’g it gﬁlixégxg g;’ce)nﬂl"so\l/lggor stream
including a sol viggt . A method accord®g to Alatimt 4l and cfartlenghdractetizddmirl 2Hatand

further characterized in_ that t he generating includes:

generat i ng the gepsBtngnIcldetiant vapor streamincluding an etchant 20

conpri sing aqueoypefimgosteeabd WAE | Sl6hant vapor streamd@itfidiig Af échdmast One
sol vent vapor stream incl udi n%] an organi c sol vent.

met hod accor di ngBemerasingi At 1028t 29Re SQFvERkvaPRE rShieRy iiBRlyding, %%éﬂ'w ol, fhr‘Fe
gener at i;pg JiHo¥dfReing selected from the group consisting of methanol, ethanol, isopropyt

alcohol, butanol, n-propanol.
130. A method according to claim 124 and further characterized in that
the generating includes: '
generating at least one etchant vapor stream including an etchant
15 comprising aqueous hydrogen fluoride;
generating at least one solvent vapor stream including a solvent.
131. A method according to claim 124 and further characterized in that
the generating includes:
generating at least one etchant vapor stream including an etchant
20 comprising aqueous hydrogen fluoride;
generating at least one solvent vapor stream including an organic solvent.
132. A method according to claim 124 and further characterized in that
the generating includes:.
generating at least one etchant vapor stream including an etchant
25 comprising aqueous hydrogen fluoride;
generating at least one solvent vapor stream including an alcohol.
133. A method according to claim 124 and further characterized in that
the generating includes:
generating at least ome etchant vapor stream including an etchant
30 comprising aqueous hydrogen fluoride;
generating at least ome solvent vapor stream including an alcohol, the
alcohol being selected from the group consisting of methanol, ethanol, isopropyl
alcohol, butanol, n-propanol.
134. A method according to claim 124 and further characterized by
35 exsiccating between the generating and supplying steps to reduce the risk of

saturation in the processing chamber stream flowing to the processing chamber.
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generating at |east one etchant vapor stream m”{gwng@ /etfpa-Pea? one

conprising_aqueous hydrogen fiuoride; gene ng a

sol vent vap8fo¥M*eam i ncl udi ng an al cohol . 3
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according to claim124 and further characterized in generajfing
I ncl udes: generating at |easy3one etchant vapor strean1|nclud|ng
an et chant 30 conpr|5|ng aqueous hydrogen fluori de; generati ng

at | east one soljggnt A’aﬂgfho%t 28T inB C k3! dd18ich aqrualaﬁ@halnhetrheharacteawdow
bei ng sel ected fromthe group consisting of nethanol, ethanol, isopropyl

al cohol , bERSisReHNg natplegfiawde . vapor stream whichy is OAtPUetTARd 2h deast ANy YERPICI ai m
124 and fugggﬁglrt&har acterized by 35 exsiccating between the generating and
supplying steps to reduce the risk of saturation in the processing
chamber stream flI36wi rfgpneetladne processi ng chanber.

43 ; 1337 A ngtthB dac@gr(ﬁ %dhleatuﬁ £112049 f&&ﬂexa@ﬁiarta&@hli@d' in that

characterized by exsl cca east one vapor stream wh I s out put
from at | eabé exsiecatmgois perfcgmedr apam at least one vap_ca-egene@anceqqe@m which is

137. A rreth d .agcordi oclaim 11 further characterized in that
the exsiccath ?1 rgmpgt qg?'sireoc{leuﬁ%pnorageq]eé%g one vapor generator stream which
S 138. A method according to claim 111 and further characterized in that

the exsiccating is performed using cooling at least one vapor generator stream
10 which is output from at least one vapor generator.
139. A method according to claim 111 and further characterized in that

the exsiccating is performed using heating of at least one vapor generator.
140. A method according to claim 111 and further characterized in that

the exsiccating is performed using:
15 cooling at least one vapor generator stream which is output from at least

one vapor generator;

heating of at least one vapor generator,

L
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sout put . .fromat | east one vapor generator. {T;, ié%’{wé‘rret hod
according to claim 111 and further characterized t he v
exsicgating i & perfaormed #%5ing coaling at.least one ;ﬁp@ generator-stream
10 -which is output fromat |east one vapor generatd 139. A

met hod according to claim 111l and further characterized in thg t he
exsiccating is perfornmed using heating of at |east one vapo a,:';.m-

140. A net hodﬁgglr?grwéﬂb%mﬁ%aﬂgﬁﬂr&&%&rﬁ&ar act er M2 n t hat

the exsiccatin US| N(° Inebiptional Bires . co0l | Ng at | east one vapor

gener at OiN'FéRmEﬁBML RPPLICATBON wfsufsﬁﬁﬁh@ibahmtpuﬁm COEPERYINON JREATREAIT)
heat i fe—vapot—gene
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(54) Titte: SEMICONDUCTOR PROCESSING USING VAPOR MIXTURES \/

Processing methods and systems (10, 116, 200) using vapor phase
processing streams made from a liquid phase source (22, 222, 206)
and feed or dilution gas. Some systemns use multiple liquid sources
(140, 240, 307, 317) and multiple vapor generators (120, 220, 295)
which each produce vapors which are mixed. Some of the vapor
generators use metering pumps (303) to inject a controlled flow of
liquid into a controlled flow of feed gas. In some embodiments the
vapors are exsiccated to reduce saturation beforc being introduced as
@ processing chamber vapor mixture into a processing chamber (12).
The semiconductor pieces are preferably rotated within the processing
chamber and can be processed in batches.




