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e Inv '
The present invention relates to a systemfor del %tea}%fzeggs froma
liquefied state, and to a net hod for delivery of gas at a high flow
rate in a controlled manner . 10 2. Description of the Rel ated
Art : In the sem conduct or manufacturing industry, high
purity gases stored in cylinders are supplied to process tools for
carrying out various sem conductor fabrieation processes. Exanpl es of

such processes include- 15 di ffusi on, chem cal vapor deposition (CVD),
et chi ng, -

SYSTEM AND METHOD FOR CONTROLLED
DELIVERY OF LIQUEFIED GASES .
INCLUDING CONTROL ASPECTS ,//

EAQKQBQHHD_QE_IEE_INXENILQN
5 1. Field of the Inpvention
The present invention relates to a system for
delivery of gas from a liquefied state, and to a method

for delivery of gas at a high flow rate in a controlled
manner.

10 2. Description of the Related Art
In the semiconductor manufacturing industry, high
purity gases stored in cylinders are supplied to process
tools for carrying out wvarious gsemiconductor fabrication
.processes. Examples of such processes include
15 diffusion, chémicéllvapor depositidn kéVD), etching,

' sputtering and ion implantation. The gas cylinders are
typicallyihoused within gas cabinets. These gas
cabinets also contain means for safely connecting the
cylinders to respective process gas lines via a

20 manifold. The process gas lines provide a conduit for

the gases to be introduced to the various process tools.

Of the numerous gases utilized in the semiconductor
manufacturing processes, many are stored in cylinders in

a liquefied state. A partial list of chemicals stored



sputtering and ion inplantation. The gas cylinders are typically

housed wi thin gas cabi nets. These gas cabi nets al so contain neans for
‘'saf el y .connecting the cylinders to respective process gas lines via a
20 mani fol d. The process gas |lines provide a conduit for t he gases
to be introduced to the various process tool's. O the nunerous
gases utilized in the sem conductor manuf acturing processes, many are
stored in cylinders in a liquefied state. A partial list of chemcals
stored -2- - in this
manner, and the pressures under which they2are typically stored, is
prOV|ded below in Table 1: TABLE 1.

Chem cal Nane in thEer manaer, aMdpmhePpegssmeesfunder which they are

%3 “ Zo[eég]r gmp#ﬁaﬂwoﬁt&éed 1d @éaorféﬁﬁpwgglow in fgble 1: e
TABLE 1.
Chemical Name Formula. Vapor Pressure of
Gas at 20°C
{psia)"

'S Ammonia NH, 129
Boron Trichloride BC1, 19
Carbon Dioxide COo, 845
Dichlorosilane SiH,C1, 24
Hydrogen Bromide HBr _ 335

10 Hydrogen Chloride HC1 628

| Hydrogen Fluoride .HF 16
Nitrous Oxide N,O 760
Perfluoropropane C,F, . 115
Sulfur 1 © ~ SF¢ 335

15 Hexafluoride
Tungsten  WF, - 16
Hexafluoride

The primary purpose of the gas cabinet is to
provide a safe vehicle for delivering gas from the
20 cylinder to the process tool. The gas cabinet typically
includes a gas panel with various flow control devices,
valves, etc., in a configuration allowing cylinder

changes and/or component replacement in a safe manner.

Variations in pressure of the relatively low volume

25 cylinders stored in gas cabinets depend upon the rate of



Car bons Di oxi de CJderr] 845 Di chl or osi | ane

SiHerr]d[err] 24 Hydr ogen Brom de HBr

335 10 Hydr ogen Chl.ori de HC 628 Hydr ogen
Fl uori de HF 16 Ni t rous Oxide N err]O
760 Per f | uor opr opane C3F8 115 Sul fur
SF[err] 335 15 Hexaf | uori de Tungst en . WF6
16 Hexaf | uori de The primary purpose of the gas cabinet is
to provide a safe vehicle for delivering gas fromthe 20 cyl i nder
to the process tool. The gas cabinet typi-cgly i ncludes a gas panel
with various flow control devices, val ves, etc., in a cpnflguratlon
al | owi ng cylindfds withdehwdlgeBrand/ios GEIMeREnt (418D 36 Eithovdll %o af ke
manner . Variations in pressure of the relatively | ow volunme 25

cylinders stor @egesspry digathak rpwndkzapon) s rvell gfs the transfer

of ambient energy to the cylinder. Such effects are not
typically preéent in bulk storage systems. In bulk
5. storage systems, the thermal mass of the storé& chemical

is sufficiently large that liquid temperature variation
occurs relatively siowly. Gas pressure in bulk systems
is controlled by the temperature of the liquid. That
is, the pressure inside the container is equal to the

10 vapor pressure of the chemical at the temperature of the

liquid.

In gas delivery systems based on cylinders, the
need to control cylinder pressure by controlling
cylinder temperature is recognized in the art. Gas

15 cylinder heating/cooling jackets have been proposed for
controlling cylinder pressure through the control of
cylinder temperature. In such a case, a heating/cooling
jacket can be placed in intimate.contact_with a
c&linder:_ The jacket is maintained at a constant

20 temperature by a circulating fluid, the temperature of
which is controlled by an external heater/chiller unit.
Such jackets are commercially available, for example,

from Accurate Gas Control Systems, Inc.

Control of cylinder temperature coupled with
25 thermal regulation of the entire gas piping system to.
prevent recondensation in the gas delivery system has

been proposed for gases having low vapor pressures in



gas wkt hdrawal fromthe cylinder (and the renoval of the necessary
heat of vaporization) as well as the transfer of anbient energy to
‘the cylinder. Such effects are not typically present in bulk storage
systens. |In bul k 5. storage systens, the thermal mass of the stored
chem cal Is sufficiently large that liquid tenperature variation
occurs relatively slowy. Gas pressure in bulk systens Is control | ed
by the tenperature of the liquid. That is, the pressure inside the
container is equal to the 10 vapor pressure of the chemical at the
tenperature of the l'i quid. -4- I n gas delivery systens based
on cylinders, the need to control cylinder pressure by controlli-ng

cylinder tenpegagurgatantef8Inszedil B1ihgoaiircERSedSal, ChbrBEQT
heati ng/ cool i ng J ackets have been proposed for controlllng cyl i nder

pressure throughcbhporanedobyoreferencgInndetstenperatuue The such a case,
a heating/cooling j acket can be Iaceggln |ntgna£e contact with a

cylinder. The FﬁﬁRéFeW§nﬁaﬁﬁFaFH§Hm§} regundtine ¢ EcRpRFEEUFYSESF ™
circulating flybds HhgtEMBer 8hUr §r@heor thalthbfiBibAr COOLLALLEA-RY 2N

external heater Jac Rets are conne crally avail abl e,

for exanplse, the Eydindeeutatisee@abyCeher hbabyaggovolling. jacket. IEf
Control of cylinder tenperature cougled with 25 thermal regul ation of the
entire gas pi pthg 99§t éimeois notprhormeliycenutnedledn rRcondegsstden very

systemhas e PRENSBLORYGT nG O ndReERrBAh"ahO8ctdROknBR R  beS e
from the heated zone into a lower temperature zone.
Heating/cqoling jackets coupled with thermal regulation

10 is not favored due to the complications associated with
syétem maintenance (e.g., during cylinder replacement)

and the added expense.

To meet the requirements of the semiconduétor
processing industry and to overcome the disadvantages of
15 the related art, it is an object of the present
invention to provide a novel system for controlled
délivery of gases from a liquefied state which allows
for accurate control of the flow rate, while
simultaneously providing safety features that allow shut
20 down of the system at unacceptable temperatures for the

gas employed.

It is a further object of the present invention to
provide a method for delivery of gases at a variable

25 flow rate and in a contreclled manner.

It ‘is another object of the present invention to

provide a method for delivery of gases at a high flow



-4- U S. Patent No. 5,761,911 to Jurcik et al, hereby

i hcorporated by reference in its entirety. The requirenment .for
‘thermal regulation of the piping system is aresult of the greater

t han anbi ent tenperature of 5 the cylinder caused by the heating/cooling
jacket. If the gas line is not thermally controlled, recondensation
of the gas flow ng therethrough can occur when it passes fromthe
heated zone into a | ower tenperature zone. Heat i ng/ cool i ng j ackets
coupled with thermal regulation 10 is not favored due to the
conplications associated with syst erbrai nt enance (e.g., during
cyl i nder replacenent) and. t he added expense. To neet the

requi rement s ofratlee ov@¥ eopditdiodt of timer @eeeigud reddibst theand t o over cone
t he di sadvantages of 15 the related art, it is an object of the present

i nvention to pRPPldcad iy gargyiste uto domatrsamed del i very of gases
froma liquefied state which all ows for accurate control of the flow
rate, while si mul t aneously providing safety features that allow shut

It is yet another object of the present invention
to provide a system for the delivery of a gas';t
"5 consistently high purity and high flow rate, when needed
and increasing the longevity of the cylinders from which

the gas is withdrawn.

' Other objects and aspects of the present invention
will become apparent to one of ordinary skill in the art
10 . upon review of the specification, drawings and claims

appended hereto.

SUMMARY OF THE INVENTION
In accordance with the inventive system it has been
determined that vapor phase gas flow rate to a process
15 from one or more cabinets may be maintained at a high
level by adjusting the energy input. 1In particulaf, it
is preferred that a gas cabinet having at least two
panels bé proﬁided. The cylinders associated with one
panel in operation delivers gas at a predetermined flow
20 rate while energy in the form of heat is supplied to the
cylinders associated with the other panel. As the
pressure from the cylinders associated with the panel in
operation decreases, withdrawal of vapor is switched to
the other panel where the cylinders are at fuli .
25 pressure. Heat is subsequently supplied to the panell

associated with the disengaged cylinders to bring them



20 down of the system at unacceptable tenperatures for the gas

ehpl oyed. It is a further object of the present invention to
“provide a nethod for delivery of gases at a variable 25 flowrate and in
a control |l ed manner. It is another object of the present

I nvention to provi de a nethod for delivery of gases at a high flow
rate over a period of tine as required by the application carried out
downst ream It is yet another object of the present invention
to provide a systemfor the delivery of a gas at 5 consistently high
purity and high flow rate, when needed _.g-and increasing the |ongevity of
the cylinders fromwhich the gas is w thdrawn. O her

objects and aspgcts BhebhEiRLESEH! |4HEBLAPHer, as'tht BPEBEE EPRAVER! O
one of ordinar |n t e art upon review of the speci fi_cation,
dr awi ngs and cbﬂlﬁhe cyllndapendedobéaeed with the panel in operation
drops, the withdrawal operation reverts back to the
panel where the cylinders are brought back to the
5 requisite pressure. Thus, withdrawal of vapor is
switched between the panels to provide the vapor at a
minimum required pressure for the customer to run high

flow rates rate for a longer duration of time

downstream.

10 According to an aspect of the invention a system
for delivery of a gas from a liquefied state is
provided. The syétem includes:

(a) a cabinet having a first and second panel
disposed therein;

15 (b) at least one compressed liquefied gas cylinder
corresponding to each panel disposed in the cabinet;

(c) temperature and/or préssure sensors disposed on
each the cylinder; and _
(d) 'a controller for monitoring and adjusting the

20 energy input into each of the cylinders based on the
temperature and/or pressure in each of the.cylinders

sensed by the temperature and/or pressure sensors.

RIEEF DESCRIPTIO F_THE DRAWINGS
The objects and advantages of the invention will
25 become apparent from the following detailed description
of the preferred embodiments thereof in connection with

the accompanying drawings, in which:



SUMVARY OF THE | NVENTI ON In accordance with the inventive system
it has been determ ned that vapor phase gas flowrate to a process 15
‘fromone or nore cabinets may be maintained at a high | evel by
adjusting the energy input. In particular, it is preferred that a gas
cabi net having at |east two panel s be provided. The cylinders

associ ated with one panel in operation delivers gas at a
predet erm ned fl ow 20 rate while energy in the formof heat is supplied
to the cylinders associated with the other panel. As the

pressure fromthe cylinders associated w th_the panel in operation
decreases, wthdrawal of vapor is switched to t he ot her panel where

the cylinders are apjfulh 1255 cRhRRAYI® diHeRhm SFSEPTEBYERE BydiRp ied to
t he panel asgpé%gtedJMAFhsthe digengéged cylinders to bring them

- 6- up t dnspecioridaaiceowitbheheafitwentieont.he pressure | evel of
the cylinders associated wi;th the_panel in gperation drops, the

wi t hdrawal operati offifevér &8 SR &hafe depictapfhe) DRRESYTENE SEAVIETdRr S
are brought bagk 10 ¢ 8€, rRardcBi¥rilt 8AEIRY ¢o ngﬂ§n.Wb%h@§T%ﬂdé¥

vapor is
5 to specification.

PTION OF THE PREFERRED
EMBODT S_QOF- THE . INVENTION

The invéntion-provides for controlled delivery of
gases from a liquefied state which allows for a variable
10 and increased withdrawal of gas, while simultaneously
providing safety features that allow shut down of the
system at unacceptable temperatures or pressures for the

gas employed.

It has been surprisingly determined that an
15 increase in the energy input to the cylinders disposed
in the cabinet results in a satisfactory adjustment of
the gas flow rate from the cylinder to the point of use.
In particular, the heat transfer between the ambient and
the gas cylinder, reduces the temperature therebetween,
20 and the gas withdrawn from the cylinder has a minimal

amount of entrained droplets therein.

The rate of change of cylinder temperature and
pressure is a balance of the rate of heat transfér to
the cylinder, the energy requirements specified by the

25 flow rate and the thermal mass of the cylinder. The '

rate of heat transfer between the ambient and the gas



swi tchéd between the panels to provide the vapor at a m ni num

required pressure for the custoner to run high- flowrates rate for a
| onger duration of time downst ream 10 According to an
aspect of the invention a system for delivery of a gas froma.
liquefied state is provi ded. The system incl udes: : (a) a
~cabinet having a first and second panel di sposed therein; 15

(b) at least one conpressed |iquefied gas cylinder corresponding to
each panel disposed in the cabinet; (c) tenperature and/or

pressure sensors . di sposed on each the cylinder; and d a

controller foff¥ d5r 4y gavegdi iy ng“t)hé'—l'l’fo OVQ??é-r]gﬁleiaﬁleranﬂﬁﬁ@acg of
the cyli nderscl&%s%?ése%r%{} t(hze? tthé Al ure_,\r(? i /or %“if e i,n agtfach of the

cylinders enperature an

BRI EF DESCRI PEr@serHRARAYNGhe temperaturgqﬁl@ﬁeﬁ:"érﬁzea%lﬁ@@ﬂt@rﬁs of
the invention will 25 beconme apparent fromthe follow ng detailed

description ambiegt ans fhe dasecyipsimentThe metdod iof calmtidtimagi t h
the accom@anyI%% ré%ng¥Lheék\%}ansfer is further explained in U.S.

Patent No. 5,761,911 and U.S. Serial No. 08/893,499,
which are incofporated herein by reference in their

entirety.

Increasing the energy input to the cylinder in turn
10 increases the heat transfer rate. It is, therefore,
undesirable to withdraw material from the cylinder with
too large of a temperature difference between the
ambient and the cylinder (and by analogy, between the
liquid stored and the cylinder) due to the possible
15 entrainment of liquid droplets in the gas withdrawn from
the cylinder, resulting_from different boiling
_phenomena As the temperature difference between the
' cyllnder and’ the liquid increases, the evaporation
process changes from one of interface evaporation to a

20 bubbling type of phenomena.

The combination of three meqhanisms responsible for
the presence of a liquid phase in the flowing gas (i.e.
impurities containing droplets entrained in the wvapor
withdrawn from the cylinder; formation during expansion
25 in the first component downstream of the cylinder; and
the purging of droplets existing during the startup of

flow), effectively limits the flowrate of gas that can



-7- ' Fig. 1 is a schematic diagramof a cabinet system I n

accordance with the invention. Fig. 2 is graph that depicts the
pressure recovery time for a hydrochloric acid gas to return the

cyl inder 5 to specification. DETAI LED DESCRI PTI ON OF
THE PREFERRED EVMBODI MENTS OF THE | NVENTI ON The
I nvention provides for controlled delivery of gases. froma |iquefied
state which allows for a variable 10 and increased wthdrawal of gas,
whi | e simul taneously provi ding safety features that allow shut down
of the system at unacceptabl e tenperpatures or pressures for the

gas enpl oyed. It has been surprisingly determned that an 15

increase int 1.0p . y%'nde's di sposed ,_in the cabi net
results in a rs',Eez;ft %5%%%%}5 %ﬁo?%%f%ﬁmyo 2 ll?élv%%lé_ﬁg%aﬁf |RPIRRE fromthe
cylinder to thearpfslld of Cgerently, |thdsd 11t et iddle diERind r@ysfer between
t he anbi ent and

several standard liters per minute, measured on a

continuous basis. It has been determined that

5 elimination of these liquid droplets in the process
gases and maintaining the temperature and/or pressure of

the cylinders within a predetermined range will allow

greater continuity in the flowrate provided.

With reference to the schematic diagram of Fig. 1,
10 a preferred embodiment of the inventive system and
method for delivery of gas from a liquefied state at a
variable rate and in a controlled manner is described.
It is noted, however, that specific configurations will
generally depend on factors such as cost, safety

15 requirements etc.

The system compriées at least two gas panels 110
and 120 housed within a cabinet 100. Suitable panels
are known in the art and are employed to control fléw
rates and pressure of gases (electronic specialty gases

20 or ESG) delivered in a vapor phase. At least one
compressed liquid cylinders 130 and 140 are associated
with each panel. The specific material contained within
the liquefied gas cylinder is not limited, but is
process dependent. Typical materials include these

25 specified in Tables 1, e.g., NH,, BCl,, CO,, SiH,Cl,, HBr,
HCl, HF, N,0, C;Fy, SF¢ and WF,. However, each cylinder



the gas cylinder, reduces the tenperature therebetween, 20 and the gas

w thdrawn fromthe cylinder has a m ninal anount of entrained

dropl ets therein. The rate of change of cylinder tenperature
and pressure is a balance of the rate 'of heat transfer to t he
cylinder, the energy requirenments specified by the 25 flowrate and the
therimal mass of the cylinder. The rate of heat transfer between the
anbi ent and the gas -10- - 8-
cylinder is governed by: (1) the overall heat transfer coefficient;
(2) the surfacel i AUE doife IR for any IAMN d3) the
tenperature difference between the nt an he gas cylinder. The

met hod of cal citlvedrithigon. 5 the rate of heat transfer is further explai ned
in U S Patent No. 5,761,911 and U. S. Serial No. 08/893, 499,
whi ch are incorporated herein by reference in their entirety.

These chemical products have at least a vapor and a

liquid phase. 'Vaporized product is;preferably withdrawn

5 from or near the top of either cyliﬁder 130 or 140,
depending on which panel is in operation, and gas in a
liquefied form remains at the bottom of that cylinder.
Thus, the gas within the cylinders is maintained in a
compressed state during operation and the vapor

10 withdrawn therefrom has a low concentration of
impurities due to the lack of entrainment of liquid

droplets in the vapor delivered.

As the vapor is withdrawn the pressure in the
respective cylinder decreases, thereby in effect
15 decreasing the flow rate at which the wvapor may be
drawn. To restore the pressﬁre therein and consequently
increase the flow rate of vapor delivered from that
cylinder it has been determined that maintainihg the
temperature in the cylinder within a predetermined range
20 controls the vapor pressure within the cylinder and the

flow rate at which it may be drawn and delivered.

The heat transfer rate between the ambient and gas
cylinder is preferably increased such that the gas
cylinder temperature is not increased to a value above

25 the ambient temperature.



I ncreasing the energy input to the cylinder in turn 10 I ncreases the
heat transfer rate. It is, therefore, undesirable to w t hdraw
material fromthe cylinder wth too large of a tenperature difference
bet ween t he anbi ent and the cylinder (and by anal ogy, between the
liquid stored and the cylinder) due to the possible 15 entrai nnment of
liquid droplets in the gas wthdrawm from ~the cylinder, resulting
fromdifferent boiling phenonena. As the tenperature difference

bet ween t he cylinder and the liquid increases, the evaporation
process changes fromone of interface evapgration to a 20 bubbl i ng type
of phenonena. The conbi nation of three nmechani sns responsi bl e
for the pres E O | h | ow S (i.e€.

i mpurities contai nieﬁr:}gglaﬁjé% eét>£s %Hﬁ?t;.ﬁ?%%?n%%h hgo%a%%éggagfngm#?ﬁdﬁlﬁﬁﬁ from
the cylinder; tramsfepnrauei hgePuddncnénoRSmoré NoldgurhipBitEoNELNSAL
downstream of the cylinder; and the purging of droplets existing
during the st 3%y off slitsfipygascezbinetelqO | thiowgh hithwaitecah gas

t hat can-

be forced across the cylinder. An air blower or fan can
5 be used to force the air through the plenum plates or
slits. The blower can préferably operate at variable
speeds. Suitable p}énum plates having a maximum heat
transfer coefficient for a given pressure drop
(determined by the blower or fan characteristics) are
10 commercially available from Holger Martin. Such
components can easily be incorpofated into a gas cabinet

with minimal or no increase in gas cabinet size.

The plenum plates or slits can optionally be
modified by adding fins which can direct air flow, for
15 example, primarily towards the cylinder in the vicinity

of the liquid-vapor interface.

The temperature of the plenum plates or slits can
also be electrically controlled to a value slightly
higher than ambient to further increase the rate of heat

20 transfer. However, the temperature of the plenum plates
or air flowing through the slits .should be limited such
that evaporation occurs only at the liquid-vapor
interface, and to avoid heating the cylinder to a

temperature above ambient.

25 Radiant panel heaters or a hot plate type heater
disposed below the cylinder may also be employed to



be.reltably supplied by an individual gas cabinet mani f ol d.

Currently, these limtations amount to several standard liters per

m nute, measured on a continuous basis. It has been determ ned that

5 elimnation of these liquid droplets in the process gases and

mai ntai ni ng the tenperature and/ or pressure of the cylinders within a
predeterm ned range will allow greater continuity in the flowate
provi ded. Wth reference to the schematic diagramof Fig. 1, 10
a preferred enbodi nent of the inventive system and met hod for
delivery of gas froma liquefied state atl2a variable rate and in a
controll ed manner i s descri bed. - It is noted, however, that specific
confi gur at i onéngkehse theghaetatkynéépenﬁaﬁe baeween sHehambieds! angpfety
15 reqU|renents & he system conprises at |east two gas
panel s 110 925,f¥liBgeKous0f ﬁPPHFﬁ'aCQQBFﬁéFlQGs ofuthebhbopanel s

k [ I n W, rat es and
o esaure of |gaocibeliledht PO SMEHeL8IRATLRS nbaE  rapochl BakRng i1 o

vapor phase. a®é teasemplated. FoRNBKAMDRE; |tHH'9a8Y£hEdﬁé§te§oo§“g 140
are assocj at ed wi th each panel. The speC|f|c mat eri al contail ned
within 5 kAt platefras hesuseti Aderombinetibnnwith, abblower or

fan as well as the plenum plates or slits as described

above.

A control means allows for the precise control of
temperature and/or pressure within the cylinder.

10 Suitable control means are known in the art, and
include, for example, one or more programable logic
controller (PLC) or microprocessor 150. An acceptable
temperature range having a low and a high point is
programed into controller 150 depending on the liquefied

15 gas employed.

In an exemplified embodiment, the temperature in
cylinder 130 or any other cylinders associated with
panel 110 ‘is assessed by controller 150 based on a
measurement of the liquid phase by a temperature sensor

20 (not shown). 1In the alternative, a vapor phase pressure
in cylinder 130 is determined.by a transducer or any
device suitable for determining pressure therein and
transmitted to controller 150. A temperature reading is
subsequently derived from the pressure measured in

25 cylinder 130. The derived temperature is compared to
the temperature set point range programmed in controlier

150 and monitored.



process dependent. Typical materials include these 25 specified in

Tables 1, e.g., NHerr], BC[err], CJerr] SiHerr]dJ[err], HBr, HO ,
HF, Nerr]O, (err]Flerr], SFlerr] and WF[err]. However, each cylinder
-10- will contain the same ESG for any system of the i nventi on.
These chem cal products have at |east a vapor and a l'i quid phase.
Vapori zed product is preferably withdrawn 5 fromor near the top of

ei ther cylinder 130 or 140, dependi ng on which panel is in operation,
and gas in a liquefied formremains at the bottom of that cylinder.
Thus, the gas within the cylinders is nalfggined in a conpr essed

state during operation and the vapor 10 Wi t hdrawn therefrom has a | ow
concentration of

concentraton of_ ppon YA UG GRS AL Lo
pressure in thisired FSSREM i degAedgatta ! NGIERY i1 affsct
form of heat is transmitted to cylinder 130 until the
high temperature set point.is reached'and indicated by
5 an alarm, thereby terminating the energy input to that
panel. A siénél is transﬁitted from controller 150 to
the heéting means (not shown) to_deliver energy to
cylinder 130. 1If the derived temperature decreases
below the low temperature set alarm (based on the
10 customer’s pressure requirement for withdrawing the gas)

valve 160 is closed and valve 170 is opened.

Energy would continue to be supplied to cylinder
130 while cylinder 140 supplies gas trough panel 120.
If the temperature set point is reached in cylinder 140,
15 as determined by controller 150, the energy in the form
of heat is transmitted to cylinder 140 associated with
panel 126; .Upoh reaching the low temperature alarm in
cylinder 140 and the alarm being sounded, gas withdrawal
. and delivéry is switched back to panel 110 and cylinder
20 130 to maintain withdrawal at an acceptable flow rate.
The process is continued, wherein withdrawal of gas is
alternated between the panels if necessary to provide
gas at a specified flow rate, while energy in the form
of heat can be provided to the cylinder that is not in
25 operation to bring it up to specification. By
alternating between the panels, a high flow rate may be
maintained and supplied to a processing tool for longer

periods of time.



15 decreasing the flow rate at which the vapor may be drawn. To

restore the pressure therein and consequently increase the flowrate
of vapor delivered fromthat cylinder it has been determ ned that

mai nt ai ni ng the tenperature in the cylinder within a predeterm ned
range 20 controls the vapor pressure within the cylinder and the
flowrate at which it may be drawn and del i ver ed. The heat
transfer rate between the anbient and gas cylinder is preferably

i ncreased such that the gas cylinder tenperature is not increased to

a val ue above 25 t he ambi ent tenperatu
Exanpl es of suitabl e neans |ncreaS|ng the heat transfer rate

i ncl ude one or noreT BFeHﬁﬁPEFa@8§a8F wat rawnaﬁrg? 6pPiPPES 1R/ gd§ @abi net
-100 through “hfﬁHcEiBnCQE the nu95e§05§egy§§£8§§s-ggsggkbgggrW1t B allon

bl ower or fan ca
panel. The higher the number of cylinders associated

with each panel the higher the usable dosage. As used
5 herein, the term “dosage” is defined as (flow rate x
time). Further, the cylinders connected to the panels
are monitored and adjusted by contrbller 150.
Additional modifications, such as increasing the number
of panels or adjusting thé temperéfure of éaéh-cylinder_
10 individually are contemplated by the inventors and are

within the scope of the invention.

By way of illustration, Fig. 2 demonstrates the
improved pressure recovery of the cylinders of the
inventive system. In the event there is some pressure

15 decay occurring in the cylinder and/or no demand for
vapor product by the customer a heating source in
addition to the ambient heat, elevates the pressure of
the gaseous vapor to recover full cylinder pressure for
maximum dosage capability. For instance, to deliver

20 hydrochloric acid (HC1l) effectively, the pressure
necessary in one preferred system of the invention is
650 psig. In approximately 120 minutes the cylinder
therein has recovered, while taking considerably longer
than 500 minutes without the energy input provided by

25 the inventive system.

Unsafe high pressures and temperatures in the

cabinets are monitored and controlled by safety features



5 be used to force the air through the plenum plates or slits. The
bl ower can preferably operate at variable speeds. Suitable plenum '
pl at es havi ng a nmaxi num heat transfer coefficient for a given
pressure drop (determ ned by the blower or fan characteristics) are
10 commercially available from Hol ger Martin. Such conponents can
easily be incorporated into a gas cabi net with mninmal or no increase
i n gas cabinet size. The plenum plates or slits can optionally
be nodi fied by adding fins which can direct air flow, for 15
exanple, primarily towards the cylinder iPthe vicinity of the

| i qui d-vapor interface. ) : The tenperature of the plenum plates or
slits can ingpgpopate) datri Ehel PYEERM-ol RedTip swikchemali et |y

hi gher_ t han apbi 0 t her. L RCrease rate-of heat 20 t ransfer.
However, the Eghggbggﬁrgggfg%ﬁgbg%éng§lEFggeg%E the Sgeﬁﬁy PPEESTg t hr ough

the slits showhdnbehe! Higddtewperature BhakmeyaPebathrenliaecizy QR y at the
| i qui d-vapor interface, and to avoid heating the cylinder to a

tenperature asouadedbipodt the hgating meRadi dot npinewikielt &os thie @ffot plate
type hea&;r mode.dl%%%%%da%%h%yo%gi %%Lkﬁg%; %w%!i% %ﬁeeggko¥$%ﬁﬁé
incorporated to monitor and prevent unsafe high

pressures and temperatures detected in the system.

While the invention has been described in detail
with reference to a specific embodiment thereof, it will
10 become apparent to one skilled in the art that wvarious
changes and modifications can be made, and equivalents

employed without departing from the scope of the claims.



-12- ¢ I ncrease the heat transfer rate between the anbi ent and gas
cylinder. O course, conbinations of the above descri bed neans for

i ncreasing the heat transfer rate are contenpl ated. For exanple, the
radi ant heater or a 5 hot. pl ate can be used in conbination with a bl ower
or fan as well as the plenumplates or slits as described above.
A control neans allows for the precise control of t enper at ure and/ or
pressure within the cylinder. 10 Sui tabl e control means are known in the
art, and i nclude, for exanple, one or nore programable |ogic
controller (PLC) or microprocessor 150."3T acceptabl e tenperature
range having a | ow and a high point is programed into controller 150
dependi ng ongiaémﬁlquefled 15 gas enployed In an exenplified
enbodi nment, the tqnper ure |nder 30 ar a other cylinders

associ ated with stf6\§9§s JIFHy 4 oﬁt?@?l fS@'based on a
measur enent qflqh%eflléd%wt@ha%@lebxé CeRMeRIBHEdngeNsor 20  (not shown).

In the alternative, a vapor phase pressure I'n cylinder 130 is

det ermi ned by a tKaﬂsducabmmetahpv1ng addiiirsd smd selcenidopathetler m ni ng
pressure thereln and fransmtted to controller 150. A tenperature
reading 7s d1ePogedeheFeiRideri ved fromthe pressure measured in 25

cylinder . 130. Th%kﬁe%kV%%a&&ﬂ?ﬁk@&%&&ﬁé%é@&“%%&ﬁ%éf%d gas cylinder

corresponding to each said panel disposed in said
cabinet; and

(c) temperature and/or pressure sensors disposed on

10 each said cylinder; and

(d) a céntréller for wonitoring and adjusting the
energy input into each of the cylinders based on the
temperature and/or pressure in each of the cylinders

sensed by said temperature and/or pressure sensors.

15 2. A system for delivery of gas according to
claim 1, wherein said controller further comprises:

(e) means for programming a low and a high set
temperature point of said compressed liquefied gas
cylinder disposed on a respective said panel; and

20 (£) méans for switching between gaid first and said
second panel upon reaching either a low temperature set
point or a high temperature set point in said at least

one compressed liquefied gas cylinder.

3. A method for delivery of gas from a liquefied
25 state from a gas cabinet at a continuous flow in a

controlled manner, the method comprising:

—_
Ry M




the tenperature set point range programmed in controller 150 and

nmoni t or ed. -13-

Upon reaching a tenperature bel ow the set point, as desired for the
particul ar. gas enpl oyed, energy in the formof heat is transnmtted to
cylinder 130 until the hi gh tenperature set point- is reached and
indicated by 5 an alarm thereby termnating the energy input to that
panel . A signal is transmtted fromcontroller 150 to the heating
means (not shown) to deliver energy to cylinder 130. If the derived

t enper at ure decreases bel ow the | ovatenperature set alarm (based on

the 10 custoner's pressure requirenent for wthdrawi ng the gas)

val ve 160 is cl osed(andratitiny G icaipfittthaving a first B QY é’@é&r?d
continue to be supplied to cylinder 130 while cylinder 140 supplies

gas trough pak@nelb@isposed |thenginienperature set point is reached in1
cylinder 140, 15 S raned by controller. 150,, the energy in the form
of heat is transmi t(tbgd %@ﬁ%eﬁ Mr&s&s&i e gas from at

least one gas cylinder associated with one of said first

5 or second panel; and
(c) delivering a controlled amount of energy to
said at least one gas cylinder associated with one of
said first or second panel and thereby increasing the

flow rate of the gas withdrawn from said cylinder.

10 4. A method for delivery of gas at a continuous
flow and in a controlled manner according to claim 3,
further comprising:

(d) setting a high point and a low temperature
point acceptable for said gas cylinder based on the gas

15 employed.

5. A method for delivery of gas at a continuous
flow and in a controlled manner according to claim 4,
further chprising: -
supplying energy to said gas cylinder associated
20 with one of said first or second panel upon reaching a

low temperature set point.

6. A method for delivery of gas at a continuous
flow and in a controlled manner according to claim 5,

further comprising:

* c L M b *



panel 120. Upon reaching the |ow tenperature alarmin cylinder 140 and
t he al arm bei ng sounded, gas w t hdr awal and delivery is switched back
to panel 110 and cylinder 20 130 to maintain withdrawal at an acceptabl e
flow rate. The process is continued, wherein withdrawal of gas is

al ternated between the panels if necessary to provide gas at a
specified flowrate, while energy in the form of heat can be provided
to the cylinder. that is not in 25 operation to bring it up to
specification. By al ternating between the panels, a high flow rate
may be mai nt ai ned and supplied to al®rocessing tool for |onger

peri ods of tine. - -14-

The usabl e dosage @liteimawing EaichiEupdlyl@F dremyy betwdai@dien of the
nunber of cyl ifnderts-as ociated with each panel . The higher the
nunber of cylindets &5 panel, \yhereds: Bajshemensy wuppdriahedaisabl e

dosage. As used fuct il Q;fw,tetn@%ztaqﬂpe" ql%z%fgﬁéi ;S:?Xr}gﬁ_@'enr(a_d as (flowrate x

time). Further, the cylinders nnect ed are nonitored
and adjusted by controller 150. . Addi tional .nodifications, such as
I ncreasi ng the nunber of panels or adjusting the tenperature of each

cylinder 10 i ndi Vi-dud metdicas dom dedlivesy of dae iaty entoomt iangday e
within the SC%&%waﬂH“iﬂ'Q“%yﬂé¥3lled manner according to claim 6,
further comprising:
supplying energy to said cylinder associated with
first or second panel when said low temperature set

point alarm is activated.

10 8. A method for delivery of gas at a continuous
flow and in a controlled manner according to claim 6,
further comprising: |

terminating the supply of eﬂergy to said cylinder
associated with first or second panel when said high

15 temperature set point alarm is activated.

9. A method for delivery of gas at a continuous
flow and in a controlled manner according to claim 3,
wherein said gas temperature is derived from said

cylinder pressure.

20 10. A method of delivery of gas at a continuous
flow and in a controlled manner according to claim 3,
increasing the applied dosage of said gas by a factor of
X, wherein X is the number of said compressed liquefied

gas cylinders.

* c L M S *



By.way-of illustration, Fig. 2 denonstrates the i nproved pressure
recovery of the cylinders of the i nventive system In the event there
is sone pressure 15 decay occurring in the cylinder and/or no demand for
vapor product by the custonmer a heating source in addition to the
anbi ent heat, elevates the pressure of t he gaseous vapor to recover
full cylinder pressure for maxi mum dosage capability. For instance; to
deliver 20 hydrochloric acid (HO) effectively, the pressure

necessary in one preferred systemof the invention is 650 psig. In
approximately 120 m nutes the cylinder -19- therein has recovered, while
taki ng consi derably | onger -than 500 m nutes w thout the energy input
provided by 25 the.inkemethedsystdeliver of gas abhaatenbigifionEessures
and tenperatures in the cabinets are nonitored and controll ed by
safety featurt §°W and in a Contr°1lﬁﬁcﬁﬁﬁﬁﬁﬁtéCFﬁrélnﬁetoGiemm Astrip
S oh Y, DeuneretnPk AL 420 1LOREXAMBLCFEhR SLY! 80! USoBTe ghoso o7

when t he hlgh enperature~a armin co t he

heating neansNHp, r]31113$vvcbgh smztdlg,oﬁﬁrgs HCIDdRR, Riderc,gddi gFonaly features
known in the art may be i ncor por at ed to nonitor and prevent unsaf e

hi gh 5 WF,.

12. A method of deliver of'gas at a continuous
flow and in a controlled manner according to claim 3,
further comprising:

reducing the recovery time of said cylinder

10 pressure.

13. A method of deliver of gas at a continuous
flow and in a controlled manner according to claim 1,
wherein each said cylinder contains the same electronic

specialty gas for any one system employed.

AR



. pressures and tenperatures detected in the system VWil e the

i nvention has been described in detail " wWith reference to a specific
‘enbodi ment thereof, it will 10 beconme apparent to one skilled in the art
t hat vari ous changes and. nodi ficati ons ‘can be nade, and equival ents
enpl oyed without departing fromthe scope of the clains.

- 16- d ai ns: 1. A systemfor delivery of a gas froma

| i quefied state, the system conpri sing: (a) a cabinet having a
first and second panel 5 di sposed therein; (b) at |east one
conpressed |iquefied gas cylinder cortesponding to each said panel

di sposed in | ahi - c) _tenperature and/or
P M@H b roi'd - JF FIED GASES
pressure sen 2EB PR et 3 (d) a
control ler for nonitoring and®& HGONJROL ASPESISyy i nput into each of
the cylinders based on the t enpe nd/ or pressure in each of the
ABEHES g |

cyl i nders sensed by said tenper d/ or pressure sensors.
Provided is a novel system for delivery of a gas

from a'liquefied state. The system includes: (a)_ a
cabinet having a first and second panel dispoéed

5 therein; (b) at least one compressed liquefied gas
cylinder corresponding to each panel disposed in the
cabinet; (c) temperature and/or pressure sensors disposed
on each the cylinder; and (d) a controller for
monitoring and adjusting the energy input into each of

10 the cylinders based on the temperature and/or pressure
in each of the cylinders sensed By the temperature

and/or pressure sensors.

"FIG. 1



« 15¢:.. . 2. A systemfor delivery of gas according to claim1l,

mhereln said controller further canprises:

(e) neans for

‘progranm ng a | ow and a hi gh set t enperature point of said conpressed
| i quefied gas cylinder disposed on a respective said panel; and 20
(f) neans for switching between said first and said second panel upon
reaching either a |ow tenperature set 472 point or a high tenperature set
point in said at |east one conpressed |iquefied gas cylinder.

3. A nmethod for delivery of gas froma_l
cabinet at a continuous flowin a To
conpri si ng:

(a) providing a cabinet having a first

uefied 25 state froma gas
g& ol |l ed manner, the nethod

-17-

ahd a second panel di sposed

t herei n; (b) supplying a conpressed |iquefied gas from at

| east one gas cyllnﬂﬁg assogTated with,
panel ; and c) dghivering

said at | east one gas cyMandér, associa
second panel and.thereby- i
wi t hdrawn fromsaid cyli

e—of said %rTe

ontrol |l ed amo

second
n f energy to
said first or
t he gas

|
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"G e 4. A nethod for delivery of gas at a continuous fl ow and

in a controll ed manner according to claim 3, further conprising:
(d) setting a high point and a | ow tenperature poi nt acceptabl e for
said gas cylinder based on the gas 15 enpl oyed. - 5. A nmet hod
for delivery of gas at a continuous / flow and in a controlled manner
according to claim4, further é%ﬁ%r|5|ng suppl yi ng ener gy
to said gas cylinder associated 20 with one of said first or second panel
upon reaching a | ow t enperature set point. 6. A nethod
for delivery of gas at a continuous flow and in a controlled manner
accordi ng to ctairm 5, forther conprising:
- 18- alternating said supply of energy between said first
and second panel, wherein said ener gy supplied is acEynction of
tenperatufe in said cylinder : S
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<A nethod for delivery of gas at a continuous 5 flow and in a
controlled manner according to claimb®, further cc@;@'siﬁg{%u Fs0
supplying energy to said cylinder associated with first or second
panel when said | ow tenperature set poi nt al arm iQOa@CD@&ESq Ol-97
8. A nethod for delivery of gas at ajggntinuous flo anﬂéi_n f}Q'DO
controll ed manner according to claim®, further conpr) ST ng:
term nating the supply of energy to said cylinder associ p?%vm th
first or second panel when said high 1579 {#eperature set point alarmis
activated. - 9. A nethod for deljvery of gas at a continuous
flow and in a controlled manner accordi ng *o claim 3, wherei n said gas
tenperature is derived from gaiy——~——cyrifder pressur 20 10. A
met hod of delivery of &R 4 conti nuoup flow and{in afe@trolled
manner according to claim hg the appli Sage of said gas
by a factor of X, G) repsed |iquefied
gas cyl i nders. )

|
1
1
|
|
|
|
Panet #1 | 17° : /205_‘_ Panel #2.
i
|
|
|
|
1
@
{
; |
M : e
130— } - |—m0
:
1
Qin—__| : ~—Qin
: Cylinder #1 : Cylinder #2 !
!
: | o
1 !
| _ |
Bmmommmm— e PLC —mmmm---- -

FIG. 1




i:lé- 11. A method of deliver of gas at a continuous flow

-and in a controll ed manner .according to claim 3, wherein the gas is
sel ected fromthe group:consisting of NH[ err], BdJ[err], CJerr],
SiHerr]d[err], HBr, HO, HF, Nerr]OQ dCerr]Ferr], SFerr] and 5
WF6 12. A nethod of deliver of gas at a continuous
fl ow and in a controll ed manner accordizhg to claim 3, further
conpri si ng: reduci ng the recovery tine of said cylinder 10
pressure. 13. A method of deliver of gas at a continuous
flow and in a controlled manner according to claim1, wherei n each
said cylinder contains the sane el ectronic specialty gas for any one
syst em enpl oyed. S
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