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SEMICONDUCTOR PROCESSING USING VAPOR MIXTURES      Technical Field
The field of this invention is apparatus and processes for treating  5
semiconductor materials using vapor phase mixtures, such as mixtures of
aqueous      hydrogen fluoride, non-aqueous solvents, and other processing
constituents,      preferably with an added diluent gas.      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 pieces 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[err] 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 between different batches of wafers
run using what appears to be the     same process and processing
parameters.  These considerations 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            



of processing fluids to the faces of the wafers which are within the
processing     array.  Thus there are increased challenges with regard to
achieving uniformity     across the wafer surface because the edges of the
disk-shaped wafers are more     accessible  and  the  interior areas are
less accessible.   These  factors further 5  complicate the processor's
ability to achieve repeatable processing results between     different
batches because of localized and transitory effects associated with
processing multiple batches each containing multiple wafers or other
pieces.            Another important consideration in the processing of
semiconductor pieces     is the need to maintain levels of contamination
very low. Even relatively small 10  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 15  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-     10,000 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 a 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
3      to air, nitrogen or other underlying gas with which the vapors are
mixed or     carried.            Vapor phase mixtures also typically vary
in relative concentrations of the     constituents and in other ways
different from liquid mixtures from which the  5 vaporous mixtures are
generated. For example, the relative amounts of a mixed 



constituent chemical system when in the liquid state often are different
than     when  these  same  constituents  are  transformed  to  a  vapor
phase.   These     variations further increase the challenges for producing
uniform and repeatable     processing results. 10         There  remains  a
need  in  the  semiconductor processing  industry  for     improved methods
and apparatus for effecting vapor phase processing in a     reliable,
repeatable and uniform manner.     Brief Description of the Drawings
Preferred embodiments of the invention are described below with reference
15  to the accompanying drawings, which are briefly described below.
Fig. I is a 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. 



4                                               TABLE I
Listing of Subsections of Description and                    Pertinent
Items with Reference Numerals and Page Numbers 5       First Processing
System - Centrifugal           Second Processing System - Generally ....
10          Processing Machine Subsystem  .......  6        centrifugal
processing machine          first processing system 10 .........   6
subsystem 116 ................  10          processing vessel 11
................  6 10       processing chamber 12 .............. 6
Second Processing System . Multiple Vapor          rotor 13 ......
6       Generators      .....................  10          wafer carrier 14
....                   6       first vapor generator 120 ........... 10
semiconductor pieces 15 ...........    6        first source liquid 122
.............  10 



processing chamber vapor stream                 second vapor generator
220g.........   10 15          supplies 17 ................... 6
second source liquid 222................ 10          processing chamber
supply nozzles 18    6       vapor generator liquid compartments
vent 19 ......................    6                121 and 221
..................  10          centrifugal 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 compartment 21  .............  7
electrical resistance elements 163 and          source liquid 22
.................  7             263  ........................  11 25
vapor generator container 23 ..........  7       liquid compartment drains
159 and 259  11           container base 24 ...............   7       drain
valves 158 and 258 .........    11           container top 25 ...
..............  7           feed gas supply port 26 ............7    Second
Processing System - Stream Mixer   11           feed gas director 30
...............   7        stream mixer 151 .................  11 30
spiral groove 31 .7                              dilution gas supply 152
............   11           intervening separation wall 32 .......  7
first vapor generator branch 171 ..... 11           vapor generator feed
gas supply 27 ...  8       output 135 ..........................  11
source of feed gas 33 ..............   8        second vapor generator
branch 172 ...  11           feed gas pressure regulator 29 ......   8
dilution input branch 173 is connected 35       feed gas flow controller 28
.......   8       to receive diluent gas from diluent           feed gas
flow control adjustment                   gas supply 152 ................
11              valve 34 ..........   8        output branch 174
...............  11           vapor generator output 35 ........  8
diluent gas source 153.......  11           vapor generator outlet port 36
.....  8       mass flow controller 155               .    .    11 40
source liquid level control 40..........  8           level sensor 41
.............  8          Third Processing System - Processing Vessel 11
source liquid make-up port 38 .........   8     processor 200           .
.       11 



source liquid reservoir 43 ............  8                     processing
vessel 201       .    .      11           source liquid make-up control
valve 44    8     processing chamber 209  ..........      11 45
second vapor receiver 37 .......... 9           vapor cooler 38
...............  9    Third Processing System - Processing
exsiccator 39 .................  9    Chamber Inflows . .......
12                                                           processing
chamber fluid supplies 202 . 12        First Processing System - Dilution
Gas             processing fluid supply nozzles 203 . . 12 50       Infuser
..........  9                            processing fluid chamber supply
spray           dilution gas infuser 50 .............  9           jets 212
....................  12           stream mixer 51  .................   9
processing fluid or vapor supply           dilution gas supply 52
.............  9            subsystem 243  ................  12
source of dilution gas 53 ...........  9        water or other suitable
rinse subsystem 55       dilution gas pressure regulator 54 ...   9
204....................... 12           dilution gas flow controller 55
.......  9      maintenance rinse manifolds 205 ... 12           dilution
gas flow control adjustment            rinse nozzles 208 .................
12              valve 56 ..................... 10            deionized
water source 206 .......   12              



5           facilities deionized water supply 233   13       First and
second vapor generators 351          shutoff valve 231 ............... 13
and 352 .....................  15          deionized washdown flow control
valve         metering syringe pump 303 ...........   15             225
................ 13         first and second vaporizers 295 ...... 15 5
flow detecting switch 227  ..........  13      first and second vaporizer
feed gas          adjustable valve 271 ............  13
controllers 301 ................  15          secondary source of deionized
water 239 13       heaters 299 ............  15          filter 237
...................  13            filters 297 ..................... 15
check valve 235 ..................  13        vaporizers 295
.................  15 10      outflow 255 ..................  13
tubular body piece 803 .................  15          nitrogen purge valve
223 ...........  13      vaporization chamber 905 ....... .    15
vaporizer outflow chamber 709.......   15       Third Processing System -
Nitrogen Supply  13       vaporizer diffuser screen 701 ......   15
nitrogen supply manifold 263 ....... 13       diffuser vapor passages 707
.......   15 15       pressure regulator 213 ...........  13
feed gas and processing liquid          pressure gauge 215 ................
13           combining vaporizer jet 805 .....  16          relief valve
217 ..................  13       annular liquid jet passage 806 ........
16          filter 219 ....................... 13       vaporizer jet feed
gas passageway 903 . 16          nitrogen supply lines 249 and 403 ....
13      jet spool 809 ..................  16 20       flow control orifice
269 .  .         13       jet receptacle 810  .................  16
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 Outflows ...............  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  .......... 16



facilities exhaust line 265 . ........ 14        diluent gas mixer mass
flow controller          a liquids outflow subsystem 274 ...... 14
391  ......................  16 30       drain fitting 276 .......... 14
threaded fittings 907 ...............   16          processing chamber
drain flow control . 14       outflow port 1003 ................  16
first drain control valve 279 .. ....... 14     fitting 909 .
.................... 16          second drain control valve 280  ......  14
processing chamber mixture feed line          first drain line 289   .   .
14          405 ........  ....        ...    16 35    gas trap 275  .
.        .... 14          overflow shunt line 291  .  ........ 14
Preferred Processing Methods .........   16          second drain line 287
............ 14          gas trap 277 ........... 14 Example 1
.................   20          flow sensor 281        . .   14 40
Example 2..............  21       Third Processing System - Vapor
Generation & Mixing  .......... 14    Example3 ............................
22          vapor generation and mixing subsystem             243
....................   14    Example 4 .............22 45       first
processing chemical source supply             line 285 ....................
14            ***(End of Table 1)***          second processing chemical
source             supply line 283 .                  14          first
reservoir or storage container 307   14 50       second reservoir or
storage container             317  ........................   15
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 308 and 318
................  15 



reservoir vent control valves 304 and             314 .................
15                                                      6      Best Modes
for Carrying Out the Invention and Disclosure of Invention       First
Processing System - Centrifugal Processing Machine Subsystem
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 10  12.  Rotor 13
preferably has features 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 allow
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
pressure.     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       



7       Kalispell MT  59901.  The preferred centrifugal processing machine
subsystem      utilizes a suitable material for the process being
performed.  As described. the      preferred materials are polymer
materials.  High density polyethylene, or PTFE      TEFLON materials are
used to construct the processing vessel and rotor when  5  utilized  with
hydrogen  fluoride  processing  as  specifically  described  below.
Alternative centrifugal processing machines may be suitable for use in
system 10.     First Processing System - Vapor Generator
Processing system 10 further includes at least one vapor generator 20.
Vapor generator 20 includes a liquid compartment 21 for holding a source
liquid 10  22.  The source liquid will be described in greater detail
below.  The liquid     compartment is preferably formed by a vapor
generator container 23. Container     23 includes a container base 24.
Container 23 is also preferably provided with     a  container  top 25.
Top  25  is advantageously  constructed  in  a  special     configuration
so as to serve functions in addition to service as a top to the 15
container.   Top 25  and  bottom  24  are  secured  to  remaining  portions
of     container 23 by welding or using detachable fasteners (not shown).
Fig. 3 shows a preferred construction for container top 25. Container top
25 includes a feed gas supply port 26 which is connected to a suitable
source     of vapor generator feed gas (such as described below).  Feed gas
supply 26 is 20  in fluid communication with a feed gas director 30. As
shown, feed gas director     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 a 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                                                       8      which
is entrained into the feed gas to provide a vapor generator outflow
stream. 



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. Suitable sources of feed gas for the preferred
chemistries explained     below include facilities gas sources for
nitrogen, clean dry air, or other gases     which are found to not
adversely affect processing within processing chamber 12.
Alternatively, the source of feed gas can be from tanks or reservoirs (not
shown)     forming a part of processor 10. 10        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
reservoir 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
9       electrical or pneumatic relay or other controller (not shown) which
opens the      valve in response to a call for source liquid as sensed by
level sensor 41.            Fig. 1 also shows that the preferred vapor
generator output 35 also      includes a second vapor receiver 37.  Vapor
receiver 37 is formed to aid in  5  separation of the vapor and liquid
phases.  It also serves as part of a vapor      cooler 38.  Vapor cooler 38
can be selected from  several possible cooler types.      such as a
circulating water jacket, thermoelectric, expanding gas. or other suitable
types. Vapor cooler 38 and the vapor receiver 37 function as an exsiccator
39      which serves to desaturate excessive amounts of source liquid which
may be 10   vaporized depending upon the particular source liquid being
used and other     operational parameters. Exsiccator 39 eliminates or
reduces the risk of possible 



condensation of liquids from the vapor generator outflow stream emitted
from     vapor generator outfeed 35.     First Processing System - Dilution
Gas Infuser 15        The processing system  10 also preferably includes a
dilution gas infuser     50 for infusing a dilution gas with the vapor
generator outflow stream. Dilution     gas infuser 50 preferably includes a
stream mixer 51. Mixer 51 is connected in     fluid communication to
receive the vapor generator outflow  stream.  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 51
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 gases
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  controller     



10      55 advantageously has an integral dilution gas flow control
adjustment valve 56     which is shown schematically in Fig. 1. Valve 56 is
manually adjusted to provide     desired  flow  rates  of the  dilution
gas to  mixer 51.   Alternatively, an     automatically controlled dilution
gas control valve can be used. 5  Second Processing System - Generally
Fig. 2 shows an alternative second processing system 100 according to. this
invention. System 100 has a centrifugal processing machine subsystem 116
which     is the same or similar to subsystem 16 described above. Other
components or     subsystems described above which are the same or very
similar to those described 10  above in connection with system  10 have
been numbered similarly with the     addition of the "1" in the hundreds
column.  Components which need varying     or additional description will
now be considered.     Second Processing System - Multiple Vapor Generators
Processing system 100 differs from processor 10 in having plural vapor 15
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 generator
output stream comprised of a second     feed gas and a second vapor which
is vaporized from a second source liquid 20  222.   These vapor generators
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 25  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 30  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 35  constructed with added heating
units 161 and 261.  Heating units 161 and 261     are preferably thermally
insulated and provided with receptacles into which are
11 



received  portions of the  containers  123 and  223.  One  or more
electrical     resistance elements 163 and 263 are included along the
interior walls of the     receptacles allowing heat to be input to the
container and source liquid held     therein.   The  operating
temperatures  of the  liquid  compartments  of the 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 10       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 also 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 controller 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 201
which 30  encloses 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 Semitool of Kalispell, Montana.  A
large number of other processing vessel
12      and systems configurations are possible for utilization of the
inventive systems     described herein.     Third Processing System -
Processing Chamber Inflows            As shown, processor 200 also includes
a plurality of processing chamber  5 fluid supplies 202 which are
advantageously in the form of a manifold or     manifolds each having a
plurality of processing fluid supply nozzles 203.  The     chamber
processing fluid supply nozzles 203 emit processing fluid chamber supply
spray jets 212.  The particular construction of the fluid supplies, nozzles
and 



their number may vary as processing requirements indicate. Although only
one 10  supply manifold is shown in the schematic view  of Fig. 4, it is
alternatively     possible to include a plurality of manifolds each of
which can include a plurality     of nozzles.            Processing fluids
are delivered to the processing chamber fluid supplies 202     from a
desired processing fluid or vapor supply subsystem 243. In the preferred 15
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 20 chemicals are not generally
considered to be gaseous at the desired processing     pressures and
temperatures 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 vessel 201     further advantageously
includes one or more maintenance rinse manifolds 205 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.  



13      As shown the washdown or maintenance fluid source 206 includes a
facilities     deionized water supply 233, and a shutoff valve 231 which is
controlled to     appropriately pass or shunt deionized water supplied from
primary supply 233     The outflow from valve 231 passes via conduit 229 to
a deionized washdown 5  flow  control valve 225.  A  flow  detecting switch
227 is preferably included     upstream of valve 225 for sensing flow of
fluid in line 229.           Fig. 4 also shows a deionized water supply
recycle subsystem which     includes an adjustable valve 271.  A  secondary
source of deionized water 239     is supplied via a filter 237 and check
valve 235 to valve 271. When water is 10  not being supplied via valve 231,
then the water is preferably recirculated at a     lower flow  rate via
valve 271 to outflow  255.  This maintains the deionized     water supply
with fresh water having minimal amounts of bacterial development.
Control valve 225 is advantageously coupled with a nitrogen purge valve
223 which is controlled to upon command flow nitrogen purge gas through
valve 15  225, the downstream lines, and attached processing chamber fluid
supplies 202     to 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 regulator 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 a state of low contamination.
Another part of the flow via line 249 goes to a static electricity
suppressor (not 30  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.                                                      14 



Third Processing System - Processing Chamber Outflows            Fig. 4
further shows that processing chamber 209 has a gas outflow  or     exhaust
line 273.  The flow  of exhaust gas from  the processing chamber is
controlled  by an  exhaust control valve 267.   The outflow  of valve 267
is 5  connected  to  a facilities exhaust line  265.   The  facilities
exhaust line  is     preferably operated at a vacuum to remove gas from the
processing chamber.            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 handling 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
liquid. Although only two source     liquids are indicated in the
embodiment of Fig. 5. it is alternatively possible to     have a single
liquid or more than two liquids.            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
15      connection  with other embodiments of this invention.   Fig. 5 also
shows a     second reservoir or storage container 317 which receives
chemical from line 283     and is used to store the second processing
liquid.           First and second reservoirs 307 and 317 have associated
reservoir outflow 5  lines 509 and 601. respectively.  These first and
second reservoir outflow  lines     serve as first and second liquid
chemical supply lines which supply processing     liquids to a first and
second vapor generators 351 and 352 which will be 



described more fully below.            Reservoirs 307 and 317 are
advantageously supplied with small purge or 10 vent flows from a clean dry
air or other suitable gas manifold 407 via reservoir     purge  supply
line 408.   The  vapors from  above  liquids contained  in  the
reservoirs are vented in an appropriate manner, such as to a facilities
exhaust     at vents 308 and 318.  The flow  of purge gas through the upper
portions of     the reservoirs is preferably controlled using reservoir
vent control valves 304 and 15  314.           First and second vapor
generators 351 and 352 each include a metering     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     controllers 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 temperatures to 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 



16      chemicals present in the vaporization chamber 905.  The outflow
chambers 709     are connected to vaporizer outflow lines 609 (Fig. 5)
which pass the vapor     mixtures to a mixer 293, which will be described
in greater detail below.           Fig. 7 also shows the preferred
construction of the feed gas and 5  processing liquid combining vaporizer
jet 805. The vaporizer jet 805 includes an     annular liquid jet passage
806 through which processing liquids are drawn by     venturi action.  Feed
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. 8-1
1.  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 gas mixer
mass     flow  controller 391.  These inputs can advantageously be
accomplished with     threaded fittings 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[err] 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 30  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          



17       constituents.  In the preferred version described in connection
with Fig. 1, the      liquid source 22 is comprised of a mixture of aqueous
hydrogen fluoride and      isopropyl alcohol.  The aqueous hydrogen
fluoride etchant component of the      liquid source mixture can
advantageously be provided as an azeotropic mixture.  5  Although a range
of percentages are reported in the literature as being      azeotropic, it
appears that the azeotropic mixture of hydrogen fluoride and water      is
approximately in the range of 35 to 39% by volume. This azeotropic mixture
of water and hydrogen fluoride is combined on a volumetric basis in ratio
with      the organic solvent preferably used in the methods according to
this invention. 10   The ratio of the etchant component is preferably in
relative proportion to the      organic solvent component in the range of
approximately 1:3 to 3:1, even more      preferably 1:2 to 2:1, ratios by
volume. The specific ratios are dependent upon      the type of etchant and
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 fluoride 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 



25  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
18      generators such as shown in Fig. 2.  Such generating can be done
using first     and second source liquids which are preferably a first or
etchant source liquid,     and a second organic solvent source liquid.
Alternatively, other numbers of     vapor generators can be used with one
or more associated source liquids which 



5  can be similar or dissimilar in their constituent make-up.
Methods according to this invention further include supplying at least one
carrier gas which is used in the generating of the vapor generator outflow
stream or streams. The supplying of feed or carrier gas to the vapor
generators     is preferably done in a controlled manner, such 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 interaction
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 formation. 20         The processes according to this invention
can further include controllably     regulating the level of source liquid
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 vapor
generator or plural vapor generators, such as by using heating units 161
and 261. 30 Desired temperature ranges will typically be 10-200[err]C, more
preferably 20-100[err]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
19      stream.   This cooling  step  performs a condensing function  which
removes     vaporous source liquid from  the outflow stream  to the extent
desired.  It also     achieves the desired degree of saturation for the
vapor mixture coming from the     generators.  5         Methods according
to this invention further preferably include diluting at     least one
vapor generator outflow stream using a dilution 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 chambers 20  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 a 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 simultaneously mixes vapor generator outflow     streams from two
vapor generators while adding diluent gas from the diluent gas     supply.
30        The mixture of vapor streams can be done in various proportions
as are     found desirable for the particular 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      



20      rates of 1:10 to 10:1 aqueous hydrogen fluoride: alcohol are
preferably used;     more preferably, relative flow rates of 1:4 to 4:1 are
used; even more preferably     relative flow rates of 1:2 to 2:1 are used.
Methods according to the invention further include supplying a processing s
chamber stream  or vapor mixture to the processing chambers.  This
supplying     action is preferably performed while the processing chamber
is in a substantially     closed condition.           The processing
methods can further include venting the processing chamber     to allow
inflow of the processing chamber stream without pressurizing the 10
processing chamber.  This is advantageously done by utilizing vents 19 and
119.           The methods according to this invention also preferably
include rotating     the semiconductor wafers or other pieces being
processed within the processing     chamber. This is advantageously done by
turning rotor 13 and supported wafers     15 while simultaneously supplying
the processing chamber stream, such as via 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 processing 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 30  with hydrogen
fluoride aqueous 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.
21  



Dilution was further provided by mixing into the vapor generator output
mixture approximately 15 lpm  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 rpm for 3  5  minutes
0  seconds.   Silicon  wafers  were  processed  as described  and  the
processing resulted in average oxide removal of 67 angstroms (A). The
removal      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 0.2
micron in diameter. Pre-processing 10   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 (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 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 lpm 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 



30  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
22      Example 3            Processing occurred in a processing system
similar to that described in     Fig. 2.  The first vapor generator was
charged  with  a azeotropic aqueous     hydrogen fluoride (38.4% HF,
otherwise water, by volume). The second vapor 5  generator was charged with
isopropyl alcohol. The supply rate to the first vapor     generator was 25
lpm. The supply rate to the second vapor generator was zero     lpm.  The
isopropyl alcohol was not used to demonstrate the benefits of using     the
solvent in the  preferred  processes of this invention.   Processing  was
otherwise similar to Example 2. 



to        Dilution gas was provided by mixing additional nitrogen gas with
the vapor     generator output stream at the rate of approximately 20 lpm
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 rpm for 3     minutes  0  seconds.   Silicon  wafers
were  processed  as described  and  the 15  processing resulted in average
oxide removal of 143 A.  Removal rate was     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 preferred 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 was     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 vapor
generator output streams at the rate of approximately 25 lpm of additional
35  nitrogen gas.  The dilution gas was supplied under a pressure of
approximately     10 psig.   



23           The processor rotor was rotated at a rotation rate of 50 rpm
for 60    minutes  0  seconds.  Silicon  wafers were  processed  as
described  and  the    processing resulted in average oxide removal of 482
A.  Removal rate was    approximately 8A per minute.  Particles were
measured before and after the 5  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 6, while
post-processing counts averaged 21. This provided an    average addition of
15 particles per wafer.                                                 24 



CLAIMS           1.    A processing system for treatment of semiconductor
pieces with a     vaporous mixture, comprising:           a processing
vessel which substantially defines a processing chamber; 5        at least
one liquid source for providing a source liquid used in producing     the
vaporous mixture;           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 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 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 30  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     gas as
said another constituent. 35        6.    Cancelled.                     7.
A processing system according to claim  1 and further characterized     by:
a plurality of vapor generators;           wherein the at least one vapor
mixer is in fluid communication with the 5 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.           8.    A processing system
according to claim 1 and further characterized     by: 10        a
plurality of vapor generators;           at least one diluent gas supply
connected to mix with the processing     chamber vapor mixture supplied to
the processing chamber; 



wherein the at least one vapor mixer is in fluid communication with the
plurality of vapor generators to receive 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 one
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 least 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      



26       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.             15.   A processing system according to claim
1 and further characterized     by a plurality of processing chamber vapor
supplies which allow the processing  5  chamber vapor mixture to  be
introduced  into the processing chamber at a     plurality of nozzle
positions.            16.   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 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 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 20  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 one 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
homogeneity in a     vapor generator outflow stream emitted from the at
least one vapor generator.          SE }0-0t 14.M04
27            20.   A processing system for treatment of semiconductor
pieces with a     vaporous mixture, comprising:           a processing
vessel which substantially defines a processing chamber;           at least
one liquid source for providing a source liquid used in producing 5 the
vaporous mixture;           a feed gas source for providing a vapor
generator feed gas;           at least one vapor generator; said at least
one vapor generator having 



means for directing the vapor generator feed gas adjacent the surface of
the     source liquid to produce at least one vapor generator outflow
stream containing 10  vaporous source liquid;           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.
15       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 further 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; 



28            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 vapor generators. 5        26.   A
processing system according to claim 20 and further characterized     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.           27.   A processing system according to claim 20
and further characterized 10 by at least one heater which provides heat to
at least one component of the     processing chamber vapor mixture.
28.   A processing system according to claim 20 and further characterized
by at least 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 one 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. 30        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;
at least one processing chamber vapor supply in fluid communication with 35
the processing chamber to supply a processing chamber vapor mixture to the
processing chamber;          SE IO-01 14.M04
29            a first vapor generator for generating a first vapor
generator outflow    stream; said first vapor generator having a feed gas
supply through which at 



least 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 outflow
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 10 vapor
generator;           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     second vapor generator;
30            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    generator evaporation chamber.           38.
A processing system according to claim 35 and further characterized 5  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 at    least one of the first or second vapor generator evaporation
chambers,    respectively; and wherein the source liquid metering supply
includes a metering    pump. 10        39.   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
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 by:            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 30 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;           SEIO-O 14.M04
31  



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 chamber vapor mixture.           43.   A processing system
according to claim 35 and further characterized  5 by at least one heater
which provides heat to at least one component of the     processing chamber
vapor mixture.           44.   A processing system according to claim 35
and further characterized     by at least one heater 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
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 least
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 35  provide a vaporizer mixture;
32            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 5 effect increased
homogeneity in the at least one vapor generator outflow stream     emitted
from the at least one vapor generator.           51.   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 10 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.            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.         SEIO-0114.MD4  



33            55.   A method according to claim 53 wherein said generating
includes    controlling the amount of source liquid supplied to said at
least one vapor    generator.           56.   A method according to claim
53 wherein said generating includes; 5        controlling a flow rate of
feed gas supplied to said at least one vapor    generator;
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 liquid 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 liquid 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 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.
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.                                                34             65.   A
method  according to claim  53 and further characterized by    heating to
heat at least one component of the processing chamber vapor mixture.
66.   A processing system for treatment of semiconductor pieces with a
vaporous mixture, comprising: 5        a processing vessel which is capable
of being substantially closed to define     a substantially enclosed
processing chamber;           at least one vapor generator; said at least
one vapor generator having:                  a liquid compartment for
holding a source liquid therein;                  a vapor generator feed
gas supply through which at least one feed 10       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
liquid 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 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 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
produce the processing chamber vapor mixture.     



35             70.   A processing system according to claim 66 and further
characterized     in that there are a plurality of vapor generators.
71.   A processing system according to claim 66 and further characterized
in that there are a plurality of vapor generators, at least two of the
vapor 5  generators being adapted to generate vapor generator outflow
streams which have     differing chemical constituencies.            72.
A processing system according to claim 66 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 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
gas adjacent to source liquid.
36             79.   A processing system according to claim 66 and further
characterized     in that the feed gas director includes at least one
baffle for impeding flow of     vapors from the liquid compartment to the
vapor receiver.            80.   A processing system according to claim 66
and further characterized  5  in that the feed gas director includes at
least one baffle   which defines a     convoluted 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 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:  



SElO-Oz 14.M04                a plurality of said 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;
at least one diluent gas supply in fluid communication with the at least  5
one vapor mixer to provide diluent gas which is mixed to form part of the
processing chamber vapor mixture.            85.   A processing system
according to claim 81 and further characterized     by at least one
exsiccator for desaturating at least one vapor generator outflow
stream. 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  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.            89.   A processing system according to claim 81
and further characterized     by at least one 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 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.
38             92.   A processing system according to claim 81 and further
characterized     in that the feed gas director includes at least one
baffle for impeding flow of     vapors from the liquid compartment to the
vapor receiver.            93.   A processing system according to claim 81
and further characterized 



5  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
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 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 35  one alcohol, the alcohol being selected from the group consisting
of methanol,     ethanol, isopropyl alcohol, butanol, propanol and
n-propanol.                      100.  A  method according to  claim  94
and further characterized by     generating at least one vapor generator
stream including an etchant with aqueous     hydrogen fluoride therein, and
at least one organic solvent.            101.  A  method according to
claim  94 and further characterized by  5   generating at least one vapor
generator stream including an etchant with aqueous     hydrogen fluoride
therein, and at least one alcohol.            102.  A  method  according to
claim  94 and further characterized by     generating at least one vapor
generator stream including an etchant with aqueous     hydrogen fluoride
therein, and at least one alcohol; the alcohol being selected 10  from  the
group consisting of methanol, ethanol, isopropyl alcohol, butanol,
propanol and n-propanol.            103.  A  method  according to claim  94
and further characterized by     exsiccating 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 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 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 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 characterized in that     the defined path is spiral. 35
111.  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 being
performed so as to    include an aqueous etchant and at least one
non-aqueous solvent in a processing 5 chamber stream which is at least
partially constituted using the at least one    vapor generator stream;
exsiccating to reduce the risk of saturation in the mixtures flowing to the
processing chamber;           supplying the processing chamber stream to a
processing chamber which to is controllable to become substantially
enclosed;           processing semiconductor pieces within the processing
chamber using the     processing chamber stream.            112.  A method
according to claim 111 and further characterized in that     the generating
includes at least one vapor generator stream which includes at 15  least
one organic solvent.            113.  A method according to claim 111 and
further characterized in that     the generating includes at least one
vapor generator stream which includes at     least one alcohol.
114.  A method according to claim 111 and further characterized in that 20
the generating includes at least one vapor generator stream  which includes
at     least one aliphatic alcohol.            115.  A method according to
claim 111 and further characterized in that     the 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-propanol.            116.  A method
according to claim 111 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. 



117.  A method according to claim 111 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.            118.  A
method according to claim 111 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. 35
119.  A method according to claim 111 and further characterized in that
the generating includes aqueous hydrogen fluoride and at least one vapor
41     generator stream which includes at least one alcohol selected from
the group    consisting of methanol, ethanol, isopropyl alcohol, butanol,
propanol and n-    propanol.           120.  A  method according to claim
111 and further characterized by 5  generating a plurality of vapor
generator streams and combining the plurality of     vapor generator
streams.           121.  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. 10       122.  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
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;           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. 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;     



42            generating at least one solvent vapor stream including an
organic solvent.           128.  A method according to claim 124 and
further characterized in that    the generating includes:
generating at least one etchant vapor stream including an etchant; 5
generating at least one solvent vapor stream including an alcohol.
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, isopropyl     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 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.
43            135.  A  method according to claim  124 and further
characterized by    exsiccating at least one vapor stream which is output
from at least one vapor    generator.           136.  Cancelled. 5
137.  A method according to claim  111 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  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.    


