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MODULAR VAPORIZER In some further or additional implementations of the 
vaporizer , the vaporizer may further include a first process 

BACKGROUND fluid second plenum volume and a first process fluid first 
central passage plate with a first process fluid central pas 

Certain semiconductor manufacturing processes require 5 sage hole . The first process fluid second plenum volume may 
precursors to be vaporized before introduction into semi - be bounded , at least in part , by a first surface of the first 
conductor processing chambers . The precursors are often process fluid first central passage plate and a second surface 
provided in liquid form , thus vaporizers are necessary to of the first process fluid first peripheral passage plate that is 
vaporize the liquid precursors . Conventional vaporizers offset from the first surface of the first process fluid first 
often vaporize liquid precursors by spraying the precursor 10 central passage plate and on a side of the first process fluid 
through an atomizer nozzle and then heating the atomized first peripheral passage plate opposite the first surface of the 
precursor in a heated carrier gas . first process fluid first peripheral passage plate . The first 

process fluid second plenum volume may fluidically connect 
SUMMARY the first process fluid central passage hole and the first 

15 process fluid peripheral passage holes . In some such imple 
Details of one or more implementations of the subject mentations , the vaporizer may further include a first process 

matter described in this specification are set forth in the fluid second peripheral passage plate with a plurality of first 
accompanying drawings and the description below . Other process fluid peripheral passage holes and a first process 
features , aspects , and advantages will become apparent from fluid third plenum volume . The first process fluid third 
the description , the drawings , and the claims . Note that the 20 plenum volume may be bounded , at least in part , by a second 
relative dimensions of the following figures may not be surface of the first process fluid first central passage plate on 
drawn to scale unless specifically indicated as being scaled a side of the first process fluid first central passage plate 
drawings . opposite the first surface of the first process fluid first central 

In certain implementations , a vaporizer may be provided . plate and a first surface of the first process fluid second 
The vaporizer may include a first process fluid cap plate with 25 peripheral passage plate offset from the second surface of the 
a first inlet configured to flow a first process fluid , a first first process fluid first central passage plate . The first process 
process fluid first peripheral passage plate with a plurality of fluid second plenum volume may fluidically connect the first 
first process fluid peripheral passage holes , and a first process fluid central passage holes and the first process fluid 
process fluid first plenum volume . The first process fluid first peripheral passage holes of the first process fluid second 
plenum volume may be bounded , at least in part , by a first 30 peripheral passage plate . 
surface of the first process fluid cap plate and a first surface In some further or additional implementations of the 
of the first process fluid first peripheral passage plate offset vaporizer , the vaporizer may further include a first heating 
from the first surface of the first process fluid cap plate by element configured to heat the first process fluid first periph 
a first offset distance . The first process fluid first plenum eral passage plate . In some such implementations , the first 
volume may fluidically connect the first inlet and the first 35 heating element may be in thermally - conductive contact 
process fluid peripheral passage holes . The distance from the with at least a portion of an outer perimeter of the first 
first inlet to at least one of the peripheral passage holes may process fluid first peripheral passage plate . 
be at least three times greater than the first offset distance . In some further or additional implementations of the 

In some such implementations of the vaporizer , the first vaporizer , the vaporizer may further include a second pro 
process fluid first peripheral passage plate may include a first 40 cess fluid cap plate with a second inlet configured to flow a 
material with a thermal conductivity above 100 W / m / K . second process fluid , a second process fluid first peripheral 

In some further or additional implementations of the passage plate with a plurality of second process fluid periph 
vaporizer , the first material may be CVD silicon carbide , eral passage holes , a second process fluid first plenum 
aluminum , and copper . volume , a first outlet , and an outlet plenum volume . The 

In some further or additional implementations of the 45 second process fluid first plenum volume may be bounded , 
vaporizer , the first process fluid first peripheral passage plate at least in part , by a first surface of the second process fluid 
may include a core structure made of a first material and an cap plate and a first surface of the second process fluid first 
outer skin made of a second material . The outer skin may be peripheral passage plate offset from the first surface of the 
interposed between the core structure and the first process second process fluid cap plate by a second offset distance . 
fluid when the first process fluid is flowed through the 50 The second process fluid first plenum volume may fluidi 
vaporizer and the second material may be chemically non - cally connect the second inlet and the second process fluid 
reactive with the first process fluid under normal operating peripheral passage holes . The outlet plenum volume may be 
conditions of the vaporizer . In some such implementations , a ) fluidically interposed between the first process fluid first 
the first material may be either copper or aluminum . In some plenum volume and the second process fluid first plenum 
further such implementations , the second material may be a 55 volume , b ) fluidically interposed between the first process 
coating that is applied to the core structure . fluid first plenum volume and the first outlet , and c ) fluidi 

In some further or additional implementations of the cally interposed between the second process fluid first 
vaporizer , the first process fluid first peripheral passage plate plenum volume and the first outlet . In some such implemen 
may further include an internal flow inlet fluidically con - tations , the vaporizer may further include a mixer located 
nected to a flow path internal to the first process fluid first 60 within the outlet plenum volume . The mixer may include 
peripheral passage plate , an internal flow outlet fluidically one or more baffles and may be configured to facilitate 
connected to the flow path , and the flow path . The flow path mixing of the first process fluid and the second process fluid 
may be fluidically interposed between the internal flow inlet within the outlet plenum volume . In some further such 
and the internal flow outlet , fluidically isolated from the first implementations , the vaporizer may further include a second 
process fluid peripheral passage holes , and configured to 65 process fluid first central passage plate with a first second 
flow a heat transfer fluid through the first process fluid first gas central passage hole and a second process fluid second 
peripheral passage plate . plenum volume . The second process fluid second plenum 
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se 

volume may be bounded , at least in part , by a first surface In certain implementations , a system may be provided . 
of the second process fluid first central passage plate and a The system may include a vaporizer , a first heating element 
second surface of the second process fluid first peripheral configured to heat the first process fluid first peripheral 
passage plate offset from the first surface of the second passage plate , and a controller with one or more processors 
process fluid first central passage plate and on a side of the 5 and a memory , such that the one or more processors , the 
second process fluid first peripheral passage plate opposite memory , and the first heating element may be communica 
the first surface of the second process fluid first peripheral tively connected and the memory may store program passage plate . The second process fluid second plenum instructions for controlling the first heating element to heat volume may fluidically connect the second process fluid the first process fluid first peripheral passage plate to a central passage hole and the second process fluid peripheral 10 temperature below the Leidenfrost temperature of the first passage holes . In some further such implementations , the process fluid . The vaporizer may include a first process fluid vaporizer may further include a carrier gas source fluidically cap plate with a first inlet configured to flow a first process connected to the second inlet and configured to flow a carrier fluid , a first process fluid first peripheral passage plate with gas into the second process fluid first plenum volume . In 
some further such implementations , the vaporizer may fur - 15 lementations , the vaporizer may fur - 15 a plurality of first process fluid peripheral passage holes , a P 
ther include a second heating element configured to heat the first process fluid first plenum volume . The first process fluid 
second process fluid first peripheral passage plate . first plenum volume may be bounded , at least in part , by a 

In some further or additional implementations of the first surface of the first process fluid cap plate and a first 
vaporizer , the vaporizer may further include a first spacer surface of the first process fluid first peripheral passage plate 
interposed between the first process fluid cap plate and the 20 offset from the first surface of the first process fluid cap plate 
first process fluid first peripheral passage plate . The first by a first offset distance . The first process fluid first plenum 
spacer may be a thin plate with an opening that forms a volume may fluidically connect the first inlet and the first 
continuous perimeter around the first process fluid periph process fluid peripheral passage holes . The distance from the 
eral passage holes . The first spacer may have a first spacer first inlet to one of the peripheral passage holes may be at 
thickness that defines , at least in part , the first offset distance . 25 least three times greater than the first offset distance . 
In some such implementations , the vaporizer may further These and other features of the invention will be 
include one or more clamping features . The one or more described in more detail below with reference to the draw 
clamping features may be configured to compress the first ings . 
process fluid cap plate , the first spacer , and the first process 
fluid first peripheral passage plate together in a stacked 30 BRIEF DESCRIPTION OF THE DRAWINGS 
arrangement . In some such implementations , the vaporizer 
may further include a plurality of through - holes . The one or FIG . 1 shows an example vaporizer with a stackable plate 
more clamping features may include a plurality of fasteners . arrangement . 
Each fastener may include a threaded portion and a fastening FIG . 2 shows a cutaway view of the example vaporizer of 
portion configured to screw onto the threaded portion . The 35 FIG . 1 . 
through - holes may be configured to allow one of the fas - FIG . 3 shows an exploded view of the example vaporizer 
teners to pass through . The through - holes may be in the of FIG . 1 . 
peripheral passage plate , the cap plate , and / or the spacer . FIG . 4 shows an example stackable plate arrangement of 

In certain implementations , a vaporizer may be provided . a cap plate , a peripheral passage plate , and a central passage 
The vaporizer may include a first process fluid cap plate with 40 plate . 
one or more first inlets configured to flow a first process FIG . 5 shows an example peripheral passage plate . 
fluid , a first process fluid first passage plate with one or more FIG . 6A shows a simplified section view of a configura 
first process fluid first passage holes , and a first process fluid tion of a stackable plate arrangement of a cap plate , a 
first plenum volume . The first process fluid first plenum peripheral passage plate , and a central passage plate with a 
volume may be bounded , at least in part , by a first surface 45 heating jacket . 
of the first process fluid cap plate and a first surface of the FIG . 6B shows a simplified section view of another 
first process fluid first passage plate offset from the first configuration of a stackable plate arrangement of a cap plate , 
surface of the first process fluid cap plate by a first offset a peripheral passage plate , and a central passage plate with 
distance . The first process fluid first plenum volume may a heating jacket . 
fluidically connect the one or more first inlets and the one or 50 FIG . 6C shows a simplified section view of yet another 
more first process fluid first passage holes . The distance configuration of a stackable plate arrangement of a cap plate , 
from the first inlet to at least one of the first process fluid first a peripheral passage plate , and a central passage plate with 
passage holes may be at least three times greater than the a heating jacket . 
first offset distance . FIG . 6D shows a simplified section view of a further 

In some such implementations of the vaporizer , the first 55 configuration of a stackable plate arrangement of a cap plate , 
process fluid cap plate may be rectangular and the one or a peripheral passage plate , and a central passage plate with 
more first inlets may be positioned so as to introduce the first a heating jacket . 
process fluid into the first process fluid first plenum volume FIG . 6E shows a simplified section view of a yet further 
at one end of the first process fluid first plenum volume . In configuration of a stackable plate arrangement of a cap plate , 
some such implementations , the first process fluid first 60 a peripheral passage plate , and a central passage plate with 
passage plate may be rectangular and the one or more first a heating jacket . 
process fluid first passage holes may be positioned to receive FIG . 7 shows a simplified section view of an example of 
the first process fluid from the first process fluid first plenum a stackable plate arrangement of a rectangular cap plate , a 
volume at an end of the first process fluid first plenum rectangular peripheral passage plate , and a rectangular cen 
volume opposite from where the one or more first inlets 65 tral passage plate . 
introduce the first process fluid into the first process fluid FIG . 8 is a schematic of a substrate processing apparatus 
first plenum volume . having a processing chamber with a single process station . 
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FIGS . 1 , 2 , 3 , 4 , 5 , and 7 are drawn to - scale within each while residence time can be increased by extending the flow 
Figure , although the scale from Figure to Figure may differ . path length , vaporizer manufacturers are typically con 

strained by the packaging envelopes of semiconductor 
DETAILED DESCRIPTION manufacturing tools , i . e . , such manufacturers typically try to 

5 minimize size of the vaporizer so as to have more room for 
Details of one or more implementations of the subject other equipment . Most conventional vaporizers are designed 

matter described in this specification are set forth in the such that their flow path lengths , and thus atomized precur 
accompanying drawings and the description below . Other sor residence times , are sufficiently long enough to theoreti 
features , aspects , and advantages will become apparent from cally vaporize all of the atomized droplets ( without being 
the description , the drawings , and the claims . Note that the 10 too long ) ; due to the packaging constraints discussed above , 
relative dimensions of the following figures may not be these flow paths are usually not made any longer . 
drawn to scale unless specifically indicated as being scaled However , such designs typically rely on an average 
drawings . droplet size when such flow path lengths are determined . 

Wafer uniformity is an important factor in the processing Since some droplets will be bigger and some smaller in 
of high quality semiconductor wafers . In certain implemen - 15 actual practice , the smaller - size droplets will still completely 
tations of semiconductor processing , a liquid precursor may evaporate , but the larger - sized droplets will frequently exit 
need to be evaporated or vaporized before being deposited such vaporizers before completely evaporating . Having 
on a semiconductor wafer . Complete evaporation of the droplets exit the vaporizer before complete vaporization 
precursor may have a large effect on the processing unifor may lead to wafers experiencing unacceptable amounts of 
mity of processed semiconductor wafers . The present inven - 20 defects due to such incomplete precursor vaporization on the 
tors have determined that many commercial off - the - shelf part of a conventional vaporizer . After investigating , the 
vaporizers exhibit less than complete vaporization of the present inventors determined that the conventional vaporiz 
precursor . ers , while generally advertising 100 % vaporization , fre 

It is to be understood that , as used herein , the term quently did not , in general , offer such performance due to the 
“ semiconductor wafer ” may refer both to wafers that are 25 above - discussed apparent reliance on an average droplet 
made of a semiconductor material , e . g . , silicon , and wafers size . Moreover , the present inventors realized that the carrier 
that are made of materials that are not generally identified as gas was actually a poor heat conductor since thermal con 
semiconductors , e . g . , epoxy , but that typically have semi ductivity of gases is quite poor as compared to solids . The 
conductor materials deposited on them during a semicon - present inventors previously used techniques such as install 
ductor processing . The apparatuses and methods described 30 ing a porous filter in series after the vaporizer to remove 
in this disclosure may be used in the processing of semi - many of the remaining droplets . Nonetheless , such filters 
conductor wafers of multiple sizes , including 200 mm , 300 were unable to completely filter out all of the remaining , 
mm , and 450 mm diameter semiconductor wafers . unevaporated , droplets , leading to an unacceptable amount 

The present inventors have realized that a vaporizer that of defects . As semiconductor fabrication techniques con 
is configured to flow a precursor through a disk - shaped 35 tinue to advance , the number of defects left by leftover , 
plenum volume that is heated to a point higher than the unevaporated droplets became a much more sensitive issue 
vaporization temperature of the precursor , but not above the as new fabrication techniques have a lower tolerance for 
Leidenfrost temperature for that precursor , may be much defects . 
more effective and efficient at vaporizing the precursor than T he present inventors decided to reexamine the funda 
conventional vaporizer systems , e . g . , vaporizers that utilize 40 mental design principles of vaporizers and determined that 
an atomizer nozzle to spray the liquid into a fine mist of a vaporizer that flowed the precursor through one or more 
droplets that are then partially or wholly evaporated by thin , heated disk - shaped plenum volumes ( rather than intro 
being entrained in a heated gas . The vaporizer detailed in ducing the precursor to a heated carrier gas environment 
this disclosure may be used with any precursor suitable for through atomization ) result in more efficient heat transfer to 
use in semiconductor processing , as well as liquids that are 45 the precursor and thus greater evaporation efficiency than is 
not necessarily related to semiconductor manufacturing . observed in most conventional vaporizers . Building on this 
As mentioned above , conventional vaporizers typically principle , the present inventors realized further that by 

function by first atomizing the liquid to be vaporized into a keeping the temperature of the walls defining the plenum 
mist of fine droplets that are then heated in a gaseous volume to a point lower than the Leidenfrost temperature of 
environment , e . g . , entrained in a heated carrier gas . The 50 the precursor ( but above the vaporization temperature ) , the 
theory of operation of such conventional vaporizers is that Leidenfrost effect may be avoided and more efficient evapo 
the atomization partitions the liquid into a multitude of ration obtained . 
smaller portions with a greater surface - area - to - volume ratio The Leidenfrost effect refers to a behavior observed in 
than existed in the precursor prior to atomization and that liquids that are in contact with a heated surface . As the 
such an increased surface - area - to - volume ratio results in 55 temperature rises above the boiling or evaporation tempera 
relatively rapid evaporation of the remaining liquid - phase ture , the liquid starts to evaporate the rate of evaporation 
precursor in the heated carrier gas . continues to increase with increasing temperature until the 

Due to the manner in which such conventional vaporizers Leidenfrost temperature is reached . At this point , a thin layer 
work , the carrier gas must flow through the vaporizer at of the liquid may evaporate such that the resulting gas is 
relatively high speeds , e . g . , 300 m / s . Since the degree of 60 trapped between the liquid and the heated surface , forming 
evaporation is based on residence time of the atomized an insulating layer in between the surface and the liquid . 
precursor / carrier gas in the heated environment of the vapor - This causes the heat transfer rate to the liquid to drop , and 
izer , the flow path length of the precursor / carrier gas is lowers the evaporation rate ( even though the temperature of 
generally viewed to be determinative of the degree of the heated surface has continued to increase ) . 
vaporization experienced . This presents an issue since the 65 Thus , the present inventors have realized that by flowing 
atomized precursor / carrier gas mixture flows at a high rate precursor through one or more thin , heated disk - shaped 
of speed and thus travels through the vaporizers quickly plenum volume , such as a plenum volume that may , for 
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example , flow the precursor a distance that is at least ten The vaporizer 100 shown in FIG . 2 is a cutaway view of 
times larger than the height or thickness of the plenum the vaporizer shown in FIG . 1 showing the plenum volumes 
volume , heated to a point between the vaporization tem - internal to the vaporizer 100 . 
perature of the precursor and the Leidenfrost point of the In FIG . 2 , the first inlet 122 is further highlighted . The first 
precursor , the precursor ( or other liquid to be vaporized ) 5 inlet 122 is connected to the first inlet tube 145 . The first 
may be vaporized in a much more efficient manner such that inlet tube 145 may be connected to a first process fluid 
true , complete vaporization of the precursor may be source ( not shown ) . The first inlet tube 145 may receive a 
achieved in the same , or smaller , overall package volume of first process fluid from the first process fluid source and flow 

a conventional vaporizer . the first process fluid into the first inlet 122 . 
Various features of such vaporizers are discussed below ! , 10 From the first inlet 122 , the process fluid may then flow 

into a first process fluid first plenum volume 130 . The first with respect to various example vaporizer implementations . process fluid first plenum volume 130 is a disk - shaped The vaporizers described herein generally feature a stacked plenum volume . One or more of the surfaces bounding the plate construction , and it is to be recognized that such disk - shaped plenum volume may be heated . In the vaporizer construction allows such vaporizers to be custom - tailored to 15 100 , process fluid introduced into the first process fluid first suit a variety of different liquids to be vaporized by stacking plenum volume 130 may flow generally radially outward 
different numbers of such plates , as needed , in order to from the position of the first inlet 122 . located centrally , 
achieve a desired vaporization path length within the vapor towards that of the first process fluid peripheral passage 
izer . Such vaporizers may be installed in a semiconductor holes located on the first process fluid peripheral passage 
processing tools and may be used to aid in the delivery of 20 plate 106 . A first process fluid peripheral passage hole 128 
precursors into semiconductor processing chambers . Of is indicated in FIG . 2 , but it is appreciated that in various 
course , such vaporizers may also be used in other contexts implementations , the first process fluid peripheral passage 
where vaporization of fluids is desired , and such vaporizers plate 106 may include a plurality of first process fluid 
are not restricted to use in semiconductor operations . This peripheral passage holes , such as first process fluid periph 
disclosure is not to be viewed as describing vaporizers that 25 eral passage holes 128A - F visible in FIG . 3 . In certain 
are only used in semiconductor processing operations , and implementations , a first process fluid peripheral passage 
these principles may be used in a vaporizer used in any type plate may contain between 2 - 16 first process fluid peripheral 
of apparatus in which liquid vaporization is desired . passage holes . 

It is to be understood that , as used herein , the term Referring back to the first process fluid first plenum 
“ process fluid ” may refer to a liquid , a gas , or any combi i 30 volume 130 , in certain implementations , the top and bottom 

of the disk - shaped first process fluid first plenum volume nation of liquid or gaseous fluids appropriate for substrate 130 , the " flat " parts of the disk , may be defined , at least in processing , including precursors and carrier gas . This dis part , by features of the first process fluid cap plate 104 and closure may additionally identify components based on the the first process fluid peripheral passage plate 106 . In the process fluid that the component is designed to flow . Hence , 35 vaporizer 100 of FIG . 2 , a first side of the first process fluid a first process fluid cap plate may be designed to flow a first cap plate 104 has features that define the top ( the part of the process fluid . first process fluid first plenum volume 130 closer to the first 
FIG . 1 shows an example vaporizer with a stackable plate inlet 122 ) and sides of the first process fluid first plenum 

arrangement . FIG . 1 shows a vaporizer 100 with a stacked volume 130 , while a first surface of the first process fluid 
plate assembly 102 . The stacked plate assembly 102 include 40 peripheral passage plate 106 defines the bottom ( the part of 
a first process fluid cap plate 104 , a first process fluid the first process fluid first plenum volume 130 farther from 
peripheral passage plate 106 , a first spacer 108 , a first the first inlet 122 ) of the first process fluid first plenum 
process fluid central passage plate 110 , an outlet section 112 , volume 130 . The features of the first process fluid cap plate 
a second process fluid central passage plate 114 , a second 104 that define the sides of the first process fluid first plenum 
spacer 116 , a second process fluid peripheral passage plate 45 volume 130 also define the height , or offset distance , of the 
118 , and a second process fluid cap plate 120 . first process fluid first plenum volume 130 . In other imple 

The first process fluid cap plate 104 includes a first inlet mentations , the offset distance may be partly or fully defined 
122 . The outlet section 112 includes a first outlet 124 . The by a spacer . By contrast , some implementations may not use 
first inlet 122 may be connected to a first inlet tube 145 that spacers and may define the offset distance of all plenums 
may be connected to a first process fluid source ( not shown ) . 50 through features of the cap plate , peripheral passage plate , 
The first outlet 124 may be connected to a first outlet tube central passage plate , or outlet section . Spacers are described 
148 that may be connected to a gas delivery apparatus ( not in greater detail elsewhere within this disclosure . 
shown ) , e . g . , a showerhead assembly or other gas distribu - In certain implementations , the first process fluid periph 
tion system , of a semiconductor processing tool ( not shown ) . eral passage plate 106 may be heated . Heat from the heated 
Additionally , the second process fluid cap plate 104 includes 55 first process fluid peripheral passage plate 106 may then be 
a second inlet , not indicated by ordinal indicators in FIG . 1 , conducted to heat any process fluid within , at least , the first 
but indicated as 126 in FIG . 2 . The second inlet is connected process fluid first plenum volume 130 . Heat from the first 
to a second inlet tube 146 that may be connected to a second process fluid peripheral passage plate 106 may be conducted 
process fluid source or a process gas source ( not shown ) . to the first process fluid flowing from the first inlet 122 

The stacked plate assembly 102 may be held together 60 towards the first process fluid peripheral passage holes 128 
through a variety of different mechanisms , for example , by of the first process fluid peripheral passage plate 106 . The 
using a plurality of fasteners . Each fastener in FIG . 1 process fluid may be a liquid , a gas , or any combination of 
includes a threaded rod and a plurality of nuts . In the liquid or gaseous fluids appropriate for substrate processing , 
vaporizer 100 , there are six threaded rods 150A - F and including precursors and carrier gas . If liquids are present in 
twelve nuts . There are six nuts on top , nuts 152A - F , and six 65 the process fluids , they may be evaporated as they pass 
nuts on the bottom , which are not highlighted by ordinal through the vaporizer plate stack . In certain other imple 
indicators . mentations , other parts of the vaporizer 100 , such as the first 
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process fluid cap plate 104 and the first process fluid central process fluid central passage plate 114 , and the sides of the 
passage plate 110 , may also be heated . outlet plenum volume 136 is defined by the inner diameter 

From the first process fluid peripheral passage holes 128 , of the outlet section 112 . 
the first process fluid may flow into a first process fluid In addition to the first process fluid , the vaporizer 100 may 
second plenum volume 132 . Similar to the first process fluid 5 flow a second process fluid . In certain implementations , the 
first plenum volume 130 , the first process fluid second second process fluid may be a process gas , a precursor , a 
plenum volume 132 is a disk - shaped plenum . One or more carrier gas , or a combination of one or more of such . The 
of the surfaces bounding the first process fluid second second inlet tube 146 may be connected to a second process 
plenum volume 132 may be heated . Process fluid introduced fluid source . The second process fluid may flow through the 
into the first process fluid second plenum volume 132 may 10 second inlet tube 146 into the second inlet 126 . From the 
flow generally radially inward from the position of the first second inlet 126 , the process fluid may then flow into a 
process fluid peripheral passage holes 128 towards the first second process fluid first plenum volume 138 . The second 
process fluid first central passage hole 134 located centrally process fluid first plenum volume 138 is a disk - shaped 
in the first process fluid central passage plate 110 . In certain plenum , similar to the first process fluid plenum volumes . 
implementations , the first process fluid peripheral passage 15 The second process fluid cap plate 120 has features that 
plate 106 may also heat process fluid flowing through the define the bottom ( the part of the second process fluid first 
first process fluid second plenum volume 132 . plenum volume 138 closer to the second inlet 126 ) and sides 

In certain implementations , the top and bottom of the of the second process fluid first plenum volume 138 , while 
disk - shaped first process fluid second plenum volume 132 , a first surface of the second process fluid peripheral passage 
e . g . , the " flat " parts of the disk , may be defined , at least in 20 plate 118 defines the top of the second process fluid first 
part , by features of a second surface of the first process fluid plenum volume 138 . The features of the second process fluid 
peripheral passage plate 106 and a first surface of the first cap plate 120 that define the sides of the second process fluid 
process fluid central passage plate 110 . In the implementa first plenum volume 138 also define the offset distance of the 
tion shown in FIG . 2 , the second surface of the first process second process fluid first plenum volume 138 . One or more 
fluid peripheral passage plate 106 defines the top of the first 25 of the surfaces bounding the second process fluid first 
process fluid second plenum volume 132 , the first surface of plenum volume 138 may be heated . 
the first process fluid central passage plate 110 defines the The second process fluid introduced into the second 
bottom of the first process fluid second plenum volume 132 , process fluid first plenum volume 138 may flow generally 
and the inner diameter of the first spacer 108 defines the radially outward from the position of the second inlet 126 , 
sides of first process fluid second plenum volume 132 . It is 30 located centrally , towards and into that of the second process 
to be understood that the terms “ top ” and “ bottom , " as used fluid peripheral passage holes located in the second process 
herein to describe various aspects of the plenum volumes , fluid peripheral passage plate 118 . A second process fluid 
are merely used as terms of convenience to describe the peripheral passage hole 140 is indicated in FIG . 2 , but in 
relative locations of items with respect to the orientations of various implementations , the second process fluid peripheral 
the Figures , in actual practice , the vaporizer may be oriented 35 passage plate 118 may include a plurality of second process 
in any number of directions , and the terms “ top ” and fluid peripheral passage holes . In certain implementations , a 
“ bottom ” are thus somewhat arbitrary . second process fluid peripheral passage plate may , similar to 

In the implementation shown , the first spacer 108 defines the first process fluid peripheral passage plate , contain 
the height , or offset distance , of the first process fluid second between 2 - 16 second process fluid peripheral passage holes 
plenum volume 132 . In certain implementations , spacers 40 140 . 
may be used to define the offset distance of plenums . Using From the second process fluid peripheral passage holes , 
spacers may allow flexibility in defining the offset distance , the process second fluid may flow into a second process fluid 
allowing for the offset distance to vary depending on the second plenum volume 142 . Similar to the second process 
process fluid being used within the vaporizer . In certain fluid first plenum volume 138 , the second process fluid 
implementations , the offset distance may be determined 45 second plenum volume 142 is a disk - shaped plenum and one 
through factors such as the Reynolds number of the process or more of the surfaces bounding the second process fluid 
fluid , the thermal input required to vaporize the process second plenum volume 142 may be heated . The second 
fluid , and the dimensions of the vaporizer . In certain such process fluid introduced into the second process fluid second 
implementations , a large surface area to plenum volume plenum volume 142 may flow generally radially inward 
ratio may be used to aid in the transfer of heat to the process 50 from the position of the second process fluid peripheral 
fluid that passes through the plenum volumes . Additionally , passage holes towards the second process fluid first central 
the use of spacers may reduce the amount of machining passage hole 144 located centrally on the second process 
needed for producing one or more of the first process fluid fluid central passage plate 114 . In certain implementations , 
central passage plate 110 , the first process fluid peripheral the second process fluid peripheral passage plate 118 may 
passage plate 106 , or other stacked plates within the vapor - 55 also heat process fluid flowing through the second process 
izer . fluid second plenum volume 142 . 

From the first process fluid second plenum volume 132 , In certain implementations , the top and bottom of the 
the first process fluid may flow into a first process fluid first disk - shaped second process fluid second plenum volume 
central passage hole 134 . The first process fluid first central 142 may be defined , at least in part , by features of a second 
passage hole 134 may be a hole contained within the first 60 surface of the second process fluid peripheral passage plate 
process fluid central passage plate 110 . The first process 118 and a first surface of the second process fluid central 
fluid may flow through the first process fluid first central passage plate 114 . In the implementation shown in FIG . 2 , 
passage hole 134 into an outlet plenum volume 136 . the second surface of the second process fluid peripheral 

The top of the outlet plenum volume 136 in the vaporizer passage plate 118 defines the bottom of the second process 
100 is defined by a second surface of the first process fluid 65 fluid second plenum volume 142 , the first surface of the 
central passage plate 110 . The bottom of the outlet plenum second process fluid central passage plate 114 defines the top 
volume 136 is defined by a second surface of the second of the second process fluid second plenum volume 142 , and 
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the inner diameter of the second spacer 116 defines the sides As can be seen , the last plate in a stack of plates before outlet 
of second process fluid second plenum volume 142 . section is reached may be either a central passage plate or a 

From the second process fluid second plenum volume peripheral passage plate . Additionally , it is also possible for 
142 , the second process fluid may flow into a second process the cap plate to have multiple inlets and to be followed by 
fluid first central passage hole 144 . The second process fluid 5 a central passage plate , although such arrangements would 
first central passage hole 144 may be a hole contained within require multiple fluid connections to the cap plate and would 
the second process fluid central passage plate 114 . The likely be considered undesirable from a reliability or cost 
second process fluid may flow through the second process perspective . 
fluid first central passage hole 144 into the outlet plenum . For illustrative purposes , the following are two example 
volume 136 . scenarios where the number of heated passage plates needed Returning to the outlet plenum volume 136 , in certain to fully vaporize a first process fluid and a second process implementations , the outlet plenum volume 136 may addi fluid differ . Heated passage plates may include peripheral tionally include a mixer ( not shown ) . The mixer may include 
one or more baffles or other devices designed to promote passage plates , central passage plates , or a combination of 
even mixing between the first process fluid and the second 15 peripheral and central passage plates . In the following 
process fluid . Such devices may induce turbulence or swirl examples the peripheral and central passage plates are 
of the first and second process fluids to aid in mixing the heated and it is assumed that the passage plates used in the 
process fluids together . Other implementations may alterna - following examples have an average heat transfer coefficient 
tively or additionally include filters within the outlet plenum of 307 W / m² C , which corresponds to 0 . 46 W / plate C . For 
volume 136 to help capture any unvaporized process fluid . 20 the sake of conciseness the individual calculations for the 

After the process fluids have been mixed in the outlet two scenarios are omitted and only the final results will be plenum volume 136 , the process fluids may then exit the described . vaporizer 100 via the first outlet 124 and into the first outlet 
tube 148 . In scenario A , a first process fluid A flows into the 

In various implementations , vaporizers may be con - 25 vaporizer at the rate of 1 gram / min while a second process 
structed with a combination of cap plates , peripheral passage fluid A flows into the vaporizer at the rate of 10 liters per 
plates , central passage plates , spacers , and outlet sections . minute . The first process fluid A may be isopropyl alcohol 
Certain implementations of vaporizers may introduce only ( IPA ) , which may enter the vaporizer in liquid form . The 
one process fluid , or may introduce three of more process second process fluid A may be a carrier gas such as N2 . Line 
fluids by varying the geometry of the components of the 30 pressure after the vaporizer , e . g . , at the outlet of the vapor 
vaporizer . izer , described in scenario A is 100 Ton and the fluid inlet Additionally , certain implementations of vaporizers may temperatures of the vaporizer in scenario A are both 25 C . flow a process fluid through multiple peripheral passage 
plates and central passage plates . In such implementations , From a vapor pressure curve of the first process fluid A , 
the multiple peripheral passage plates may be used to 35 it may be determined that the first process fluid A should be 
achieve a desired level of heating of the process fluid in kept at a fluid temperature above 40 C . to prevent the first 
such implementations , there may be , for example , a cap process fluid A from condensing after leaving the vaporizer process fluid A from condensing after leaving the vaporizer 
plate on top , followed by a plurality of peripheral passage in scenario A . For the purposes of scenario A , it is assumed 
plate central passage plate combinations that may then that the first process fluid A will be heated to 5 C . above 40 
lead into an outlet section . Such implementations may 40 C . to provide a safety margin . Thus , in scenario A , the first 
include multiple plenum volumes . In certain additional process fluid A must be heated to 45 C . and vaporized . 
implementations that , for example , flow two process fluids , Heating the first process fluid A to 45 C . would require 0 . 9 the number of peripheral passage plate central passage watts , while subsequently vaporizing the first process fluid plate combinations used may be different for the stacked A would require an additional 12 . 2 watts . As described , the plate arrangement used to flow the first process fluid as 45 45 vaporization of the first process fluid A takes a larger amount compared to the stacked plate arrangement used to flow the of power than the heating of the first process fluid A to 45 second process fluid . C . In the current example , if two heated passage plates , such For example , an alternative arrangement of such plates 
may include : as a peripheral passage plate and a central passage plate , 

both heated to temperatures of 49 C . are used , the first 
process fluid A should exit the vaporizer fully vaporized and 

First Cap plate Fluid at 45 C . At the same time , only 2 . 8 watts is necessary to raise 
process Spacer / First plenum volume flow direction the temperature of the second process fluid A , which is N2 , 
fluid Peripheral passage plate to the desired exit temperature of 45 C . Such heating can be Spacer / second plenum volume 

Central passage plate provided using only one heated passage plate , such as one 
Spacer / third plenum volume peripheral passage plate , heated to 45 C . 
Peripheral passage plate Accordingly , the vaporizer described in scenario A Spacer / fourth plenum volume 
Central passage plate requires only 3 total peripheral and central passage plates , 

Mixing Outlet section / outlet plenum volume Fluid flow set to reasonable , e . g . , touch - safe , temperatures , to transfer 
plenum direction 60 heat to the process fluids and provide for complete vapor Second Peripheral passage plate ization ; one each of a peripheral and central passage plate for process Spacer / third volume 
fluid Central passage plate heating and vaporizing the first process fluid A and one 

Spacer / second plenum volume peripheral passage plate for heating the second process fluid 
Peripheral passage plate A . 
Spacer / first plenum volume Fluid flow 
Cap plate direction 1 65 In scenario B , a first process fluid B flows at the rate of 

20 grams / min while a second process fluid B flows at the 
rate of 2 liters per minute . The first process fluid B may be 

se 

Wila 
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octamethylcyclotetrasiloxane ( OMCTS ) , which may enter The above examples are provided with reference to a 
the vaporizer in liquid form . The second process fluid B may vaporizer of substantially the same design as shown in FIGS . 
again be a carrier gas such as N2 . Line pressure after the 1 through 3 . For the purposes of this example , the following 
vaporizer described in scenario B is 100 Torr and the inlet dimensional values provide context for the above discus 
temperatures of the vaporizer in scenario B is 25 C . 5 sion : 

The first process fluid B , OMCTS , is a viscous CVD 
precursor used to deposit an oxide film on Si wafers . As 
compared to IPA , OMCTS has a lower vapor pressure and Dimension Dimension Value ( inches ) Value ( inches ) 
a large heat of vaporization . It may also be desirable to not Outer diameter of peripheral passage plates , 
excessively heat OMCTS as undesirable decomposition may central passage plates , spacers , outlet section 
occur . Inner diameter of spacers / outlet section 

Plenum / spacer thickness 0 . 05 From a vapor pressure curve of the first process fluid B , Peripheral passage hole diameter 0 . 125 
it is determined that the first process fluid B should be kept Central passage hole diameter 0 . 125 

at a fluid temperature above 112 C . to prevent the first Peripheral passage / central passage plate thickness 0 . 25 
Cap plate thickness ( not including offset ) 0 . 375 process fluid B from condensing after leaving the vaporizer First process fluid inlet inner diameter 0 . 09 

in scenario B . For the purposes of scenario B , the first Second process fluid inlet inner diameter 0 . 25 
process fluid B will be heated to 5 C . above 112 C . to provide Outlet section height / thickness 0 . 6 

Outlet diameter 0 . 25 a safety margin . 
In scenario B , the first process fluid B must be heated to 20 

117 C . and vaporized ; the second process fluid B must also It is to be understood that any number of different fluids may 
be heated to 117 C . Heating the first process fluid B to 112 be vaporized using vaporizers as discussed above ; the vapor 
C . would require 30 watts , while subsequently vaporizing izer may be tailored to suit the requirements of a particular 
the first process fluid B would require an additional 63 watts . fluid by changing the number of heated passage plates used 
This is almost 6 times the energy required to heat and 25 for each fluid and the temperature setpoint for the heater 
vaporize the first process fluid A in scenario A . Such energy used for each heated passage plate . The modular nature of 
may be provided through one high - temperature heated pas - the above system allows for rapid and easy reconfiguration 
sage plate , or distributed across multiple , lower - temperature depending on the specific needs of a given process . 
heated passage plates , such as multiple heated peripheral and FIG . 3 shows an exploded view of the example vaporizer 
central passage plates . The following table shows the tem - 30 of FIG . 1 . FIG . 3 shows that the vaporizer 100 may be 
peratures that the heated passage plates used in the vaporizer assembled from multiple component parts . FIG . 3 illustrates 
in scenario B will need to be heated to versus the number of that the vaporizer 100 may be assembled by stacking mul 
heated passage plates used for heating and vaporizing the tiple cap plates , peripheral passage plates , central passage 
first process fluid B : plates , spacers , outlet sections , and other components 

together to form the vaporizer 100 . 
Fasteners may be used to hold the assembled vaporizer Required outer wall temperature of 

# of Heated heated passage plates needed to fully 100 together . In FIG . 3 , the cap plates , peripheral passage 
Passage Plates vaporize first process fluid B plates , central passage plates , spacers , and outlet section 

10 may include through - holes near the outside perimeter of the 273 C . 
172 C . respective components to allow the threaded rods 150A - F to 
138 C . pass through . Such through holes are highlighted on the first 
121 C . process fluid peripheral passage plate 106 as first process 

fluid peripheral passage plate through - holes 160A - F . Once 
Although the required heat transfer may be achieved with 45 assembled by passing the threaded rods 150A - F through the 

only one heated passage plate , the surface temperature of through - holes of the various plates , spacers , and outlet 
that heated passage plate , i . e . , 273 C . , may cause an unde - sections , nuts 152A - F may be threaded to the threaded rods 
sired decomposition reaction in the first process fluid B at to hold the entire assembly together . In certain implemen 
the wall surface . With the modular design , the vaporizer may tations , bolts , clamps , screws , and other disassemble - able 
instead be configured to include a larger number of heated 50 fasteners may be used in lieu of or in addition to the threaded 
passage plates to keep the surface temperature of the heated rods . Additionally , other implementations may lack through 
passage plates at a temperature lower than the decomposi - holes for the fasteners in one , some , or all of the plates , 
tion temperature . In scenario B , heating the first process gas spacers , and outlet sections . In such implementations the 
B using four heated passage plates with surface temperatures parts of the stackable assembly that lack through - holes may 
of 121 C . may be desirable in order to avoid undesired 55 be assembled and held in place through friction force or 
decomposition reactions . clamping force . 

In contrast to the multiple peripheral passage plates In addition to the components described in FIGS . 1 and 2 , 
required to heat the first process gas B , the second process the vaporizer 100 may also include other components as 
fluid B , which is N2 in this example , only requires 4 watts illustrated in FIG . 3 . For example , vaporizer 100 includes 
in scenario B to raise the temperature of the second process 60 seals . Seals 170A , 170C , 170D , and 170F are shown in FIG . 
fluid B to 117 C . , which may still be easily achieved with 3 and may be located by various features on the plates , 
only a single heated passage plate , such as a single periph - spacers , and outlet sections , to help seal the plenum volumes 
eral passage plate , heated to 117 C . Accordingly , the vapor and prevent leaking of the process fluids . The vaporizer 100 
izer described in scenario B requires a total of 5 heated in FIG . 3 may also include seals 170B and 170E that are not 
passage plates , 4 for the first process fluid B and 1 for the 65 shown in FIG . 3 , although their seal grooves are visible in 
second process fluid B , to transfer heat to the process fluids the Figure . Other implementations may contain seals of 
without excessive heated passage plate wall temperatures . various designs in various configurations . 

? 

? 

? 

? 
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As previously described , the vaporizer 100 may be peripheral passage plate 506 may also be used for cap plates , 
assembled from various “ stacks . ” Such a “ stack ” is shown in central passage plates , and other components of the vapor 
FIG . 4 . FIG . 4 shows an example stackable plate arrange - izer . The second material , if used , may also have a high 
ment of a cap plate , a peripheral passage plate , and a central thermal conductivity , such as a thermal conductivity above 
passage plate . The stackable plate arrangement 403 includes 5 100 W / ( m * K ) . 
a cap plate 404 , a peripheral passage plate 406 , a spacer 408 , In certain implementations , the peripheral passage plate 
and a central passage plate 410 . The stackable plate arrange 506 may be made from materials that are too difficult or 
ment 403 additionally includes seals 470A and 470B to help impossible to machine in an economical manner , such as seal the plenum volumes and prevent leakage of the process CVD silicon carbide . In such implementations , the amount fluid from the plenum volume . of machining used to manufacture the peripheral passage The cap plate 404 includes a first inlet 422 . The features plate 506 may be minimized , such as being limited to the of the cap plate 404 and a first side ( the side closer to the cap 
plate 404 ) of the peripheral passage plate 406 form the first drilling of holes . The peripheral passage plate 506 may also 
plenum volume 430 . The peripheral passage plate 406 be manufactured from processes that " print " the peripheral 
additionally includes a plurality of peripheral passage holes , 15 passage plate ovo , holes 15 passage plate 506 , such as CVD . Many items discussed 
include peripheral passage holes 428A and 428D . The below with respect to FIGS . 6A - E are common to all of these 
features of a second side ( the side closer to the central Figures and may not be described multiple times for the sake 
passage plate 410 ) of the peripheral passage plate 406 , the of brevity ; items indicated with the same callout numbers 
spacer 408 , and the central passage plate 410 form the from Figure to Figure are identical and serve the same 
second plenum volume 432 . The central passage plate 410 20 function in each implementation , unless indicated otherwise . 
additionally includes the central passage hole 434 . The material of the peripheral passage plate may be 

In FIG . 4 , the arrows illustrate possible flow paths of a selected to increase thermal conductivity and , thus , heat 
process fluid . The process fluid may first flow into the first transfer to any process fluid within the plenums . The periph 
inlet 422 and then flow through the first inlet 422 to reach the eral passage plates , as well as other components of the 
first plenum volume 430 . From the center of the first plenum 25 vaporizer , may be heated through various ways . FIG . 6A 
volume 430 , the process fluid may flow generally radially shows a simplified section view of a configuration of a 
outward towards the peripheral passage holes 428 . After the stackable plate arrangement of a cap plate , a peripheral 
process fluid has flowed into and through the peripheral passage plate , and a central passage plate with a heating 
passage holes 428 , the process fluid may then flow generally jacket . FIG . 6A shows one possible arrangement to heat the 
radially inward from the peripheral passage holes 428 to the 30 vaporizer . 
central passage hole 434 through the second plenum volume FIG . 6A shows a stackable plate arrangement 603 with a 

cap plate 604 , a peripheral passage plate 606 , a central 
In certain implementations , a first distance defined as the passage plate 610 , and a heating element 680A . The cap 

distance from the inlet or central passage hole to any one of plate 604 includes a first inlet 622 , the peripheral passage 
the peripheral passage holes of a plenum volume may be at 35 plate 606 includes peripheral passage holes 628 A and 628B , 
least 3 times greater than the offset distance of the plenum and the central passage plate 610 includes a central passage 
volume . An example first distance “ d ” is illustrated in FIG . hole 634 . 
4 . FIG . 4 also illustrates an example offset distance “ h . ” In The heating jacket 680A surrounds the outer perimeter of 
certain implementations , the first distance may be between all three of the cap plate 604 , the peripheral passage plate 
3 to 10 times , 10 to 20 times , or 20 to 50 times greater than 40 606 , and the central passage plate 610 . In such an imple 
the offset distance of the plenum volume . mentation , all three of the cap plate 604 , the peripheral 

The peripheral passage plate is described in greater detail passage plate 606 , and the central passage plate 610 may 
in FIG . 5 . FIG . 5 shows an example peripheral passage plate . each conduct heat from the heating jacket 680 A to the 
The peripheral passage plate 506 includes peripheral pas process fluid flowing through the stack . 
sage holes 528A - H ( for fluid conveyance ) and peripheral 45 The heating jacket 680 A may be an electronic heating 
passage plate through - holes 560A - H ( for fasteners to hold jacket . In certain implementations , there may be a gap filler 
the plate stack together ) . In various other implementations , substance between the heating jacket and one or more of the 
the number of peripheral passages holes as well as the cap plate , the peripheral passage plate , and the central 
number of peripheral passage plate through - holes may vary . passage plate to increase heat transfer between the heating 

The peripheral passage plate 506 may be fully or partially 50 jacket and the aforementioned components . The heating 
made from a first material . In certain implementations , the jacket 680A may be attached to the outer perimeter of the 
first material may have high thermal conductivity , such as a vaporizer by clamps , screws , or other attachment mecha 
thermal conductivity above 100 W / ( m * K ) . Examples of nisms . 
suitable first materials include silicon carbide such as chemi - FIG . 6B shows a simplified section view of another 
cal - vapor deposition ( CVD ) silicon carbide , aluminum , cop - 55 configuration of a stackable plate arrangement of a cap plate , 
per , molybdenum , nickel , platinum , tungsten . In certain a peripheral passage plate , and a central passage plate with 
other implementations , the peripheral passage plate 506 a heating jacket . The configuration shown in FIG . 6B is 
may , instead of being fully made from the first material , be similar to the configuration shown in FIG . 6A , though the 
made from a core of either the first material or a second heating jacket 680B in FIG . 6B surrounds the outer perim 
material different from the first material and have an outer 60 eter of just the peripheral passage plate 606 . In the imple 
skin of either the second material or the first material , mentation shown in FIG . 6B , the heating jacket 680B may 
respectively . In other implementations , the peripheral pas conduct heat to the peripheral passage plate 606 . The 
sage plate may be made from one material with a coating of peripheral passage plate 606 may then conduct heat to other 
a second material . In the implementations above , the mate parts of the vaporizer . Such an arrangement may be useful 
rial on the outside of the peripheral passage plate 506 may 65 when it is desirable to heat different plenum volumes within 
be chemically non - reactive with any process fluid used in the vaporizer to different temperatures — if each peripheral 
the vaporizer . The various constructions described for the passage plate and / or central passage plate is heated using a 
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different heater unit , then it is possible to direct different passage plate 706 includes multiple passage holes such as 
amounts of heat into each such plate , resulting in differently - passage hole 728 , the rectangular passage plate 710 includes 
heated plenum volumes . multiple passage holes such as passage plate passage hole 

FIG . 6C shows a simplified section view of yet another 734 . The rectangular cap plate 704 , the first spacer 708A , 
configuration of a stackable plate arrangement of a cap plate , 5 and the rectangular passage plate 706 define a first plenum 
a peripheral passage plate , and a central passage plate with volume 730 . The rectangular passage plate 706 , the second 
a heating jacket . The configuration shown in FIG . 6C is spacer 708B , and the passage plate 710 define a second 
similar to the configuration shown in FIG . 6A , though the plenum volume 732 . 
heating jacket 680 C in FIG . 6C is rigid and also serves as In contrast to the stackable plate arrangement 403 in FIG . 
a clamp for clamping together the cap plate 604 , the periph - 10 4 , the rectangular stackable plate arrangement 703 is rect 
eral passage plate 606 , and the central passage plate 610 . angular rather than disk - shaped . In certain implementations , 
Such a heating jacket may be used in lieu of , or in addition the first inlet 722 may be positioned at a first end of the 
to , fasteners to hold together some or all of the stacked plates rectangular stackable plate arrangement 703 . In such an 
of the vaporizer . implementation , process fluid may flow from the first inlet 

FIG . 6D shows a simplified section view of a further 15 722 , through the first plenum volume 730 , to the first 
configuration of a stackable plate arrangement of a cap plate , passage hole 728 . In certain implementations , the first 
a peripheral passage plate , and a central passage plate with passage hole 728 may be positioned at a second end of the 
a heating jacket . The configuration shown in FIG . 6D is rectangular stackable plate arrangement 703 . In certain such 
similar to the configuration shown in FIG . 6A , though the implementations , the second end may be an end opposite the 
heating jacket 680 D in FIG . 6D includes an interior channel 20 first end . 
( illustrated as a cross - hatched area ) where a heat transfer From the first passage hole 728 , process fluid may then 
fluid may be flowed through . The peripheral passage plate flow through the second plenum volume 732 to the passage 
606D may also have an interior channel 682 ( also illustrated plate passage hole 734 . In certain implementations , the 
on the peripheral passage plate 606D as a cross - hatched passage plate passage hole 734 may also be positioned at the 
area ) through which the heat transfer fluid from the heating 25 first end of the rectangular stackable plate arrangement 703 . 
jacket 680D may flow . The heat transfer fluid may flow from In certain other implementations of the rectangular stack 
a first part of the interior channel 684 located within the able plate arrangement , the first inlet may be located in a 
heating jacket 680D into the interior channel 682 of the central position . In such implementations , the passage holes 
peripheral passage plate 606D and out to a second part of the may be located around some or all of a periphery of the 
interior channel 684 located within the heating jacket 680D . 30 rectangular passage plate . In certain such implementations , 
The heat transfer fluid may be provided by a heat transfer the passage plate passage hole may be centrally located , 
fluid source . The heat transfer fluid may transfer heat to the though other implementations may have a passage plate 
peripheral passage plate 606D . The heat may then be con - passage hole or multiple passage plate passage holes located 
ducted to any process fluid flowing through the adjacent elsewhere on the passage plate . 
plenums within the vaporizer . 35 FIG . 8 is a schematic of a substrate processing apparatus 

FIG . 6E shows a simplified section view of a yet further having a processing chamber with a single process station . 
configuration of a stackable plate arrangement of a cap plate , For simplicity , processing apparatus 1100 is depicted as a 
a peripheral passage plate , and a central passage plate with standalone process station having a process chamber body 
a heating jacket . The configuration shown in FIG . 6E is 1102 for maintaining a process environment ; a vaporizer 
similar to the configuration shown in FIG . 6A , though the 40 1104 may be used to supply process fluid ( s ) to the process 
peripheral passage plate 606E includes a core 686 ( illus - chamber body 1102 to facilitate semiconductor processing 
trated by box cross - hatches ) that is a different material from operations . However , it will be appreciated that a plurality of 
the outside of the skin 688 of the peripheral passage plate process stations may be included in a common process tool 
606E . In certain implementations , the core 686 may be cast environment — e . g . , within a common reaction chamber . In 
into the skin 688 . Such a configuration may allow for a core 45 configurations featuring a plurality of process stations , each 
that uses a material with superior heat transfer characteris - individual process station may have process fluid ( s ) supplied 
tics to be used . In such situations , the core material may by an individual vaporizer . In other configurations , process 
chemically react with a process fluid used in the vaporizer , fluid ( s ) may be provided to the plurality of process stations 
thus a skin of a second material that may not chemically through one shared vaporizer or a plurality of shared vapor 
react with the process fluid may be used to form the outside 50 izers . Further , it will be appreciated that , in some imple 
of the peripheral passage plate 606E . For example , the skin mentations , one or more hardware parameters of processing 
may be a silicon nitride coating applied to the core material . apparatus 1100 , including those discussed herein , such as 

Previous examples have detailed cylindrical or radially process fluid flow rate , inlet temperature , outlet temperature , 
symmetric vaporizers , but the concepts discussed herein heater temperature , etc . , may be adjusted programmatically 
may also be practiced with vaporizers using other geom - 55 by one or more system controllers . 
etries such as rectilinear vaporizers . FIG . 7 shows a stack - In some implementations , a controller may be a part of a 
able plate arrangement that may be used in a rectilinear system , which may be part of the examples described herein . 
vaporizer . FIG . 7 shows a simplified section view of an Broadly speaking , the controller may be defined as electron 
example of a stackable plate arrangement of a rectangular ics having various integrated circuits , logic , memory , and / or 
cap plate , a rectangular peripheral passage plate , and a 60 software that receive instructions , issue instructions , control 
rectangular central passage plate . The FIG . 7 shows a operation , enable cleaning operations , enable endpoint mea 
cutaway of a rectangular stackable plate arrangement 703 . surements , and the like . Program instructions may be 
The rectangular stackable plate arrangement 703 includes a instructions communicated to the controller in the form of 
rectangular cap plate 704 , a first spacer 708 A , a rectangular various individual settings ( or program files ) , defining 
passage plate 706 , a second spacer 708 B , and a rectangular 65 operational parameters for carrying out a particular process . 
passage plate 710 . The rectangular cap plate 704 includes Referring back to FIG . 8 , process station 1100 fluidly 
multiple first inlets such as first inlet 722 , the rectangular communicates with process fluid delivery system 1101 for 
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delivering process fluids to a distribution showerhead 1106 . furnace or UV curing tool ; ( 3 ) exposing the photoresist to 
Process fluid delivery system 1101 includes a vaporizer 1104 visible or UV or X - ray light with a tool such as a wafer 
for blending and / or conditioning process fluids for delivery stepper ; ( 4 ) developing the resist so as to selectively remove 
to showerhead 1106 . One or more vaporizer inlet valves resist and thereby pattern it using a tool such as a wet bench ; 
1120 may control introduction of process fluids to the 5 ( 5 ) transferring the resist pattern into an underlying film or 
vaporizer 1104 workpiece by using a dry or plasma - assisted etching tool ; 
Some process fluids may be stored in liquid form prior to and ( 6 ) removing the resist using a tool such as an RF or vaporization and subsequent delivery to the process chamber microwave plasma resist stripper . 1102 . The implementation of FIG . 8 includes a vaporizer It will also be understood that unless features in any of the 1104 that may be heated . In some implementations , the 10 particular described implementations are expressly identi vaporizer 1104 may be in thermally conductive contact with fied as incompatible with one another or the surrounding a heating element 1109 . The heating element may heat the context implies that they are mutually exclusive and not vaporizer to a temperature sufficient to vaporize at least a readily combinable in a complementary and / or supportive portion of any liquid precursor flowing through the vapor 

izer . Operation of the heating element 1109 may be con - 15 sen 15 sense , the totality of this disclosure contemplates and envi 
trolled by the controller . sions that specific features of those complementary imple 

Showerhead 1106 distributes process fluids toward sub mentations can be selectively combined to provide one or 
strate 1112 at the process station . The flow rate of the process more comprehensive , but slightly different , technical solu 
fluids may be controlled by one or more valves upstream tions . It will therefore be further appreciated that the above 
from the showerhead ( e . g . , valves 1120 , 1120 A , and 1105 ) . 20 description has been given by way of example only and that 
In the implementation shown in FIG . 8 , substrate 1112 is modifications in detail may be made within the scope of the 
located beneath showerhead 1106 , and is shown resting on disclosure . Vaporizers are also described in detail in U . S . 
a pedestal 1108 . patent application Ser . No . 14 / 320 , 371 , filed Jun . 30 , 3014 , 

The equipment described herein may be connected , as titled “ CONFIGURABLE LIQUID PRECURSOR VAPOR 
discussed above , with various other pieces of equipment , 25 IZER " , which is hereby incorporated by reference in its 
e . g . , a semiconductor process chamber , in a semiconductor entirety . 
processing tool . Typically , as previously described , a vapor 
izer such as that described herein may be connected with a What is claimed is : 
controller , which may be part of the vaporizer or a separate 1 . A vaporizer comprising : 
component in communicative contact with various elements 30 a first process fluid cap plate with a first inlet configured 
of the vaporizer such as , for example , the heating elements to flow a first process fluid ; 
discussed above and / or flow controllers or valves for con a first process fluid first peripheral passage plate with a 
trolling precursor flow , carrier gas flow , purge flow , and / or plurality of first process fluid peripheral passage holes ; 
vacuum application . Such a controller may include one or a first process fluid first plenum volume ; 
more processors and a memory that stores instructions for 35 a first process fluid first central passage plate with a first 
controlling the vaporizer , including the heating elements and process fluid central passage hole ; and 
potentially other vaporizer - related equipment ( such as flow a first process fluid second plenum volume , wherein : 
controllers and / or valves ) to provide a desired degree of the first process fluid first plenum volume is bounded , 
vaporization of a precursor for a given semiconductor pro at least in part , by a first surface of the first process 
cess . The instructions may include , for example , instructions 40 fluid cap plate and a first surface of the first process 
to control the heating elements to maintain a desired wall fluid first peripheral passage plate offset from the 
temperature of the passage plates and / or the cap plate ( such first surface of the first process fluid cap plate by a 
temperatures may be monitored through the use of thermo first offset distance , 
couples that may be inserted into the vaporizer plate or the the first process fluid first plenum volume fluidically 
heating platens , or other temperature sensors that may be 45 connects the first inlet and the first process fluid 
used to obtain feedback regarding the estimated wall tem peripheral passage holes , 
perature of the channels ) , to control the velocity at which to the distance from the first inlet to at least one of the 
flow the process fluid and / or carrier gas , and to control any peripheral passage holes is at least three times 
additional heating elements . As discussed above , the con greater than the first offset distance , 
troller may typically include one or more memory devices 50 the first process fluid second plenum volume is 
and one or more processors configured to execute the bounded , at least in part , by a first surface of the first 
instructions such that the apparatus will perform a method in process fluid first central passage plate and a second 
accordance with the present disclosure . Machine - readable surface of the first process fluid first peripheral 
media containing instructions for controlling process opera passage plate offset from the first surface of the first 
tions in accordance with the present disclosure may be 55 process fluid first central passage plate and on a side 
coupled to the system controller . of the first process fluid first peripheral passage plate 

The apparatus / process described hereinabove may be opposite the first surface of the first process fluid first 
used in conjunction with lithographic patterning tools or peripheral passage plate , and 
processes , for example , for the fabrication or manufacture of the first process fluid second plenum volume fluidically 
semiconductor devices , displays , LEDs , photovoltaic panels 60 connects the first process fluid central passage hole 
and the like . Typically , though not necessarily , such tools / and the first process fluid peripheral passage holes . 
processes will be used or conducted together in a common 2 . The vaporizer of claim 1 , wherein the first process fluid 
fabrication facility . Lithographic patterning of a film typi first peripheral passage plate comprises a first material with 
cally comprises some or all of the following steps , each step a thermal conductivity above 100 W / m / K . 
enabled with a number of possible tools : ( 1 ) application of 65 3 . The vaporizer of claim 2 , wherein the first material is 
photoresist on a workpiece , i . e . , substrate , using a spin - on or selected from the group consisting of CVD silicon carbide , 
spray - on tool ; ( 2 ) curing of photoresist using a hot plate or aluminum , and copper . 
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4 . The vaporizer of claim 1 , wherein the first process fluid offset from the first surface of the second process 
first peripheral passage plate comprises : fluid cap plate by a second offset distance , 

a core structure made of a first material , and the second process fluid first plenum volume fluidically 
an outer skin made of a second material , wherein : connects the second inlet and the second process 

the outer skin is interposed between the core structure 5 fluid peripheral passage holes , and 
and the first process fluid when the first process fluid the outlet plenum volume is : is flowed through the vaporizer , and a ) fluidically interposed between the first process the second material is chemically non - reactive with the fluid first plenum volume and the second process first process fluid under normal operating conditions fluid first plenum volume , of the vaporizer . b ) fluidically interposed between the first process 5 . The vaporizer of claim 4 , wherein the first material is 

selected from the group consisting of copper and aluminum . fluid first plenum volume and the first outlet , and 
c ) fluidically interposed between the second process 6 . The vaporizer of claim 4 , wherein the second material fluid first plenum volume and the first outlet . is a coating applied to the core structure . 

7 . The vaporizer of claim 1 , wherein the first process fluid 15 12 . The vaporizer of claim 11 , further comprising a mixer 
first peripheral passage plate further comprises : located within the outlet plenum volume , the mixer includ 

an internal flow inlet fluidically connected to a flow path ing one or more baffles and configured to facilitate mixing 
internal to the first process fluid first peripheral passage of the first process fluid and the second process fluid within 
plate ; the outlet plenum volume . 

an internal flow outlet fluidically connected to the flow 2013 . The vaporizer of claim 11 , further comprising : 
path ; and a second process fluid first central passage plate with a 

the flow path , wherein the flow path is : first second gas central passage hole ; and 
fluidically interposed between the internal flow inlet a second process fluid second plenum volume , wherein : 
and the internal flow outlet , the second process fluid second plenum volume is 

fluidically isolated from the first process fluid periph - 25 bounded , at least in part , by a first surface of the 
eral passage holes , and second process fluid first central passage plate and a 

configured to flow a heat transfer fluid through the first second surface of the second process fluid first process fluid first peripheral passage plate . peripheral passage plate offset from the first surface 8 . The vaporizer of claim 1 , further comprising : of the second process fluid first central passage plate a first process fluid second peripheral passage plate with 30 and on a side of the second process fluid first a plurality of first process fluid peripheral passage peripheral passage plate opposite the first surface of holes ; and 
a first process fluid third plenum volume , wherein : the second process fluid first peripheral passage 

the first process fluid third plenum volume is bounded , plate , and 
at least in part , by a second surface of the first 35 the second process fluid second plenum volume fluidi 
process fluid first central passage plate on a side of cally connects the first second gas central passage 
the first process fluid first central passage plate hole and the second process fluid peripheral passage 
opposite the first surface of the first process fluid first holes . 
central passage plate and a first surface of the first 14 . The vaporizer of claim 11 , further comprising a carrier 
process fluid second peripheral passage plate offset 40 gas source fluidically connected to the second inlet and 
from the second surface of the first process fluid first configured to flow a carrier gas into the second process fluid 
central passage plate , and first plenum volume . 

the first process fluid second plenum volume fluidically 15 . The vaporizer of claim 11 , further comprising a 
connects the first process fluid central passage holes second heating element configured to heat the second pro 
and the first process fluid peripheral passage holes of 45 cess fluid first peripheral passage plate . 
the first process fluid second peripheral passage 16 . The vaporizer of claim 1 , further comprising a first 
plate . spacer interposed between the first process fluid cap plate 

9 . The vaporizer of claim 1 , further comprising a first and the first process fluid first peripheral passage plate , 
heating element configured to heat the first process fluid first wherein : 
peripheral passage plate . 50 the first spacer is a thin plate with an opening that forms 

10 . The vaporizer of claim 9 , wherein the first heating a continuous perimeter around the first process fluid 
element is in thermally - conductive contact with at least a peripheral passage holes , 
portion of an outer perimeter of the first process fluid first the first spacer has a first spacer thickness that defines , at 
peripheral passage plate . least in part , the first offset distance . 

11 . The vaporizer of claim 1 , further comprising : 55 17 . The vaporizer of claim 16 , further comprising one or 
a second process fluid cap plate with a second inlet more clamping features , wherein the one or more clamping 

configured to flow a second process fluid ; features are configured to compress the first process fluid 
a second process fluid first peripheral passage plate with cap plate , the first spacer , and the first process fluid first 

a plurality of second process fluid peripheral passage peripheral passage plate together in a stacked arrangement . 
holes ; 60 18 . The vaporizer of claim 17 , further comprising a 

a second process fluid first plenum volume ; plurality of through - holes , wherein : 
a first outlet ; and the one or more clamping features include a plurality of 
an outlet plenum volume , wherein : fasteners : 

the second process fluid first plenum volume is each fastener includes a threaded portion and a fastening 
bounded , at least in part , by a first surface of the 65 portion configured to screw onto the threaded portion ; 
second process fluid cap plate and a first surface of the through - holes are configured to allow one of the 
the second process fluid first peripheral passage plate fasteners to pass through ; and 
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the through - holes are in one or more of the plates selected the outlet plenum volume : 
from the group consisting of : the peripheral passage a ) fluidically interposed between the first process 
plate , the cap plate , and the spacer . fluid first plenum volume and the second process 

19 . A vaporizer comprising : fluid first plenum volume , 
a first process fluid cap plate with a first inlet configured 5 b ) fluidically interposed between the first process 

fluid first plenum volume and the first outlet , and to flow a first process fluid ; c ) fluidically interposed between the second process a first process fluid first peripheral passage plate with a fluid first plenum volume and the first outlet . 
plurality of first process fluid peripheral passage holes ; 20 . The vaporizer of claim 19 , further comprising a mixer 

a first process fluid first plenum volume ; i located within the outlet plenum volume , the mixer includ 
a second process fluid cap plate with a second inlet " ing one or more baffles and configured to facilitate mixing 

configured to flow a second process fluid ; of the first process fluid and the second process fluid within 
a second process fluid first peripheral passage plate with the outlet plenum volume . 

a plurality of second process fluid peripheral passage 21 . The vaporizer of claim 19 , further comprising : 
holes ; a second process fluid first central passage plate with a 

a second process fluid first plenum volume ; first second gas central passage hole ; and 
a first outlet ; and a second process fluid second plenum volume , wherein : 

the second process fluid second plenum volume is an outlet plenum volume , wherein : 
the first process fluid first plenum volume is bounded , bounded , at least in part , by a first surface of the 

at least in part , by a first surface of the first process 30 second process fluid first central passage plate and a 
fluid cap plate and a first surface of the first process second surface of the second process fluid first 
fluid first peripheral passage plate offset from the peripheral passage plate offset from the first surface 
first surface of the first process fluid cap plate by a of the second process fluid first central passage plate 
first offset distance , and on a side of the second process fluid first 

the first process fluid first plenum volume fluidically 35 peripheral passage plate opposite the first surface of 
connects the first inlet and the first process fluid the second process fluid first peripheral passage 
peripheral passage holes , plate , and 

the distance from the first inlet to at least one of the the second process fluid second plenum volume fluidi 
peripheral passage holes is at least three times cally connects the first second gas central passage 

hole and the second process fluid peripheral passage greater than the first offset distance , 
the second process fluid first plenum volume is holes . 

bounded , at least in part , by a first surface of the 22 . The vaporizer of claim 19 , further comprising a carrier 
second process fluid cap plate and a first surface of gas source fluidically connected to the second inlet and 
the second process fluid first peripheral passage plate configured to flow a carrier gas into the second process fluid 
offset from the first surface of the second process 35 first plenum volume . 

73 . The vaporizer of claim 19 , further comprising a fluid cap plate by a second offset distance , 
the second process fluid first plenum volume fluidically second heating element configured to heat the second pro 

connects the second inlet and the second process cess fluid first peripheral passage plate . 
fluid peripheral passage holes , and * * * 
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