WO 03/ 056066 PCT/ EPO2/ 14909 1 Apparatus for the generation and supply of
fluorine gas Field of the Invention This invention relates to an apparatus
that is dwepossmeé n the gas supply system 5 of a sem con®CTiEPO2/pMI0LESSI NQ
system and that generates and supplies fluorine gas. Sem conduct or
processing refers in this context to the various processes carried out in
order to fabricate sem conductor devicées and/or seni conduct or

devi ce-connecting structures (e.g., interconnects, electrodes) on the
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specific patterns on the t;irget substrate, such as a sem conductor wafer or
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type are sel dom produced on-site from their essential precursors, e.g.,

fl uddi neyemhin speciticpatiemst on she darget substratessuehp agrasemironeBcigr twafenher
reliabil} f e gas conposition, but also to the extreme danger

associ atgps%stt'%p%l acing a cylinder filled to high pressures (typically at
| east 5 kg/cnR) with a strong oxidizer such as fluorine in the gas supply

system of a_sem conductor processing system United States Patent No.
5, 688, 3BgsCHRianRf the FEiordind, di scl oses an apparatus 30 that automatically
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15 diffusion, are carried out on the target substrate, e.g., a semiconductor wafer or LCD
substrate, during the fabrication of semiconductor devices. The semiconductor
processing systems used to carry out these treatments employ fluorine-type gases as
process gases in a variety of applications, such as for the etching of silicon films and
silicon oxide films or to clean the interior of process compartments, which are not

20 necessatrily limited to semiconductor processes.

Fluorine-type process gases are generally made available to the gas supply
system of a semiconductor processing system as an already prepared fluorine
compound filled in a cylinder. Gases of this type are seldom produced on-site from
their essential precursors, e.g., fluorine. The reasons for this relate not just to problems

25 with the reliability of the gas composition, but also to the extreme danger associated
with placing a cylinder filled to high pressures (typically at least 5 kg/cmz) with a strong

oxidizer such as fluorine in the gas supply system of a semiconductor processing
system.

United States Patent No. 5,688,384, on the other hand, discloses an apparatus

30 that automatically controls the on/off switching of fluorine gas generation in response to

demand. As its fluorine gas generation module this apparatus uses an electrolytic cell



demand. As its fluorine gas generation nodule this apparatus uses an
electrolytic cell WO 03/056066 PCT/EP02/ 14909 2 that generates fluorine
gas by t hwoeBesdios®l ysi s of hydrogen fluoride. Since such Pelrgpnr/ol99eic-type
apparatuses can as necessary produce fluorine gas at near atnospheric
pressure, they can avoid the safety prqblens associated with the
installation of fluorine cylinders. 5 Problens to Be Sol ved by the
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15  while fluorine cylinders can also be used as a back-up means, safety problems are
incurred by the disposition of high-pressure fluorine cylinders in the gas supply system
of a semiconductor processing system.
This invention was developed in view of the problems identified above for the
prior art. The object of this invention is to provide a fluorine gas-generating and -supply
20 apparatus that is disposed in the gas supply system of a semiconductor processing
system and that in the event of abnormalities in the apparatus enables back up by a
safe and inexpensive structure.
A particular object of this invention is to provide an apparatus that can generate
and supply fluorine gas both on-site and on-demand. As used herein, on-site means
25 that the mechanism for generating and supplying the fluorine gas is combined or
assembled with the particular main process apparatus, for example, the main process
apparatus of a semiconductor processing system. On-demand means that the gas can
be supplied, with accompanying control of its required components, with a timing that
responds to the requirements of the main process apparatus.
30

Means Solving the Problems



be supplied, with acconpanying control of its required conponents, with a
timng that responds to the requirenents of the main process apparatus. 30
Means Solworig/osdees Pr obl ens WO 03/ 056066 PCT/ EP02/ 14909 3 PTHEPD2/14909 aspect
of this invention is an apparatus that generates and supplies fluorine gas
and is disposed in the gas supply system of a sem conductor processing
system said apparatus being characteri’stically provided with an

el ectrolytic cell that generates fluorine gas by the el ectrolysis of
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The fourth aspect of this invention is an apparatus in accordance with any
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state in the gas supply
15 The second aspect of this invention is an apparatus in accordance with the first
aspect with the additional characteristic feature that the electrolytic cell detector detects
a state that is representative of the composition of the electrolytic bath.
The third aspect of this invention is an apparatus in accordance with the second
aspect with the additional characteristic feature that the electrolytic cell detector detects
20 astate selected from the electrical current characteristics, liquid level, and temperature
of the electrolytic bath.
The fourth aspect of this invention is an apparatus in accordance with any of the
first to third aspects, characterized in that the apparatus is additionally provided with a
path detector that can detect an abnormal state in the gas supply path that supplies
25 fluorine gas from the electrolytic cell o the gas utilization section and in that the
controller, upon detection of an abnormal state at the electrolytic cell by the electrolytic
cell detector or upon detection of an abnormal state in the gas supply path by the path
detector, exercises control on the gas switching section so as to feed the substitute gas

from the cylinder to the gas utilization section.



25 fluorine gas fromthe electrolytic cell to the gas utilization section
and in that the controller, upon detection of an abnornmal state at the

el ectr ol ywpw3osdobé by the electrolytic cell detector or upch/EPer/emdd on of
an abnormal state in the gas supply path by the path detector, exercises
control on the gas switching section so as to feed the substltute gas from
the cylinder to the gas utilization seétion. WD 03/ 056066 PCT/ EP02/14909 4
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and in that Il‘ﬁg s?xlfﬁ fa%{aegtect)fet%ls Invention is an apparatus in accordance with the fourth
or fifth aspect, characterized in that the gas supply path is provided with a buffer section
that controls the pressure and flow rate of the fluorine gas that is supplied from the
electrolytic cell to the gas switching section and in that the path detector is provided

20  with a buffer detector that detects the state of the buffer section.

The seventh aspect of this invention is an apparatus in accordance with the sixth
aspect, characterized in that the buffer section is provided with a compressor that
pressurizes the fluorine gas from the electrolytic cell and in that the buffer detector
detects the operational status of the compressor.

25 The eighth aspect of this invention is an apparatus in accordance with the sixth
aspect, characterized in that the buffer section is provided with a buffer tank that
temporarily stores fluorine gas from the electrolytic cell and in that the buffer detector
detects the pressure within the buffer tank.

The ninth aspect of this invention is an apparatus in accordance with the sixth

30 aspect, characterized in that the buffer section is provided with a flow controller that

supplies fluorine gas from the electrolytic cell to the gas switching section at a specified



detects the operational status of the conpressor. 25 The eighth aspect of
this invention is an apparatus in accordance with the sixth aspect,
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that tenporarily stores fluorine gas fromthe electrolytic cell and in

that the buffer detector detects the pressure within the buffer tank. The
ninth aspect of this invention is an apparatus in accordance with the sixth
30 aspect, characterized in that the buffer section is provided with a flow
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necessary. 20 - Figure 1 contains a schematic drawing that illustrates a

sem conductor processing systemthat incorporates an enbodi nent of the
i nventive apparatus for the generation and supply of fluorine gas. This
sem conduct or processi ng system cont ai ns

15 Embodiments of the Invention

Embodiments of this invention are explained in the following with reference to the
drawings appended herewith. In the explanation that follows, those constituent
elements that have approximately the same structure and function are assigned a
common reference symbol and their explanation will be repeated only when necessary.

20 - Figure 1 contains a schematic drawing that illustrates a semiconductor
processing system that incorporates an embodiment of the inventive apparatus for the
generation and supply of fluorine gas. This semiconductor processing system contains
a semiconductor processing apparatus 10 that executes a process, such as film
formation, etching, or diffusion, on a target substrate such as a semiconductor wafer or

25 LCD substrate.

The semiconductor processing apparatus 10 is provided with a process chamber
12 that holds the target substrate and in which the semiconductor process is
implemented. Disposed within the process chamber 12 is a mounting platform 14
(support member) that functions both as a lower electrode and as a platform for

30 mounting the target substrate. An upper electrode 16 is also disposed within the

process chamber 12 facing the mounting platform 14. RF (high frequency) power can



a sem conductor processing apparatus 10 that executes a process, such as
film formation, etching, or diffusion, on a target substrate such as a
sem conduwwODwms/os@ber or 25 LCD substrate. The sem conduct @CTmPoress? ng
apparatus 10 is provided with a process chanber 12 that holds the target
substrate and in which the sem conductor process is inplenented. D sposed
within the process chamber 12 is a noufting platform 14 (support nenber)
that functions both as a | ower electrode and as a platformfor 30 nounting

h b . | d i.s al sq dj d yithin th
br oceasBErRAlE o8 f Ees PeSoHtnd Pt reanp akp eloptrade s EE gtk 1% ioliet
pover  Cfiim/h & A8180AGHERIO XN 1D fdranhaRiirp&st bf @@h@ﬁi@tr@mbw@ur ce
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process chamber 12 for the purpose of forming a plasma. The periphery of this remote
plasma chamber 13 is wrapped with a coil antenna 17. The application of RF (high
frequency) power from the RF power source 15 to the coil antenna 17 results in the
formation in the remote plasma chamber 13 of an induction field for the purpose of

20‘ ’cuo-n-\“/érting the process gas fo é plééha. A gas supply system 20 is connected to the

upper region of the remote plasma chamber 13 in order to supply the process gas.

With reference again to Figure 1, a flow management section 22 is disposed in
the gas supply system 20; this flow management section 22 can feed any designated
gas, for example, process gas for carrying out a semiconductor process or process gas

25 for cleaning the interior of the process chamber 12, into the process chamber 12 at a
specified flow rate and is also capable of selective gas switching. A gas storage section
24 is connected to the flow management section 22. This gas siorage section 24
contains a plurality of gas sources and stores various active and/or inert gases. Also
connected to the flow management section 22 is a gas production section 26 that

30 generates fluorine gas-type process gas by a reaction process.



20 converting the process gas to a plasma. A gas supply system 20 is
connected to the wupper region of the renpte plasnma chanber 13 in order to
supply t hwopsos®ss gas. Wth reference again to Figure 1, paTfHPom14¥yahagenent
section 22 is disposed in the gas supply system 20; this flow nmanagenent
section 22 can feed any designated gas, for exanple, process gas for
carrying out a sem conductor process or process gas 25 for cleaning the
interior of the process chanber 12, into the process chanber 12 at a
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bat by t tepletiert rA clgteciarr 3&rig dispased i the elecitrolyic celledfefor thempspasaipk,
ete., O&ellelaﬁng, as a state representative of changes in the composition of the electrolytic
bath, the electrical current characteristics, liquid level, temperature, etc., of the
electrolytic bath. The detection results generated by the detector 36 are fed to a
controller 40. The electrolytic cell 34 is replenished with hydrogen fluoride — the

20 consumable starting material — from the hydrogen fluoride source 32 based on the
detection result yielded by the detector 36 and under control by the controller 40 using a

guantitative threshold value as the criterion.

The fluorine gas generated by the electrolytic cell 34 is fed to a gas switching

section 56 across a buffer section 42; the purpose of the buffer section 42 is to control

25 the pressure and flow rate of the fluorine gas present in the supply conduit 38. This
buffer section 42 is provided with a compressor 44 in order to pressurize the fluorine

gas generated at substantially atmospheric pressure at the electrolytic cell 34, a buffer

tank 46 that temporarily holds the fluorine gas, and a flow controller 48 that feeds

fluorine gas from the buffer tank 46 to the gas switching section 56 at a specified flow

30 rate. An operations detector 50 is disposed at the compressor 44 in order to detect the



el ectrolytic bath. The detection results generated by the detector 36 are
fed to a controller 40. The electrolytic cell 34 is replenished with
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substitute gas, it will be desirable to configure the flow controller to automatically bring
the nitrogen fluoride flow rate to approximately two-thirds the fluorine flow rate when a
switch is made from fluorine gas to nitrogen fluoride. This configuration can maintain a
20 constant processing capacity at the location where the substitute gas is used. The
preferred substitute gas will also vary as a function of the type of process and the

nature of the semiconductor processing apparatus. For example, nitrogen fluoride
(NFg) is preferably used as the substitute gas in the case of plasma cleaning while

chlorine fluoride is preferably used as the substitute gas in the case of thermal cleaning.
25 The controller 40 controls the gas switching section 56 in such a manner that
substitute gas is supplied to the gas utilization section (the main process facility) from
the cylinder 62 when an abnormal state is detected in the electrolytic cell 34 and/or in
the buffer section 42. Accompanying this gas switching at the gas switching section 56,
the controller 40 also adjusts the status of the valve 64 on the cylinder 62 and adjusts



because it is a relatively safe gas. Wien nitrogen fluoride (NF3) is used
as the substitute gas, it will be desirable to configure the flow

cont rol | ewotos/osdes©natically bring the nitrogen fluoride PCO®EPOALI404 O
approximately two-thirds the fluorine flow rate when a switch is made from
fluorine gas to nitrogen fluoride. This_configuration can maintain a 20
constant processing capacity at the | ocltion where the substitute gas is
used. The preferred substitute gas will also vary as a function of the
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buffer section 42 (for exanple, the operation of the conpressor 44).
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means of three detectors nmaking up the buffer detector, i.e., the
oper at i GHESTHE Wi they buffae tank, 46 andstheetiwaring: gapflowrate abkthe fiew cantoller
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wi thin tdetedied feluasamithapreliarinariiyieset taesholel yalses |and daterminest hbetHeovihe
control Ib%rffer section 42 resides in a normal state or has entered into an abnormal state.
Thus, the detectors 36, 50, 52, and 54 are respectively disposed in each of the
main constituent members on the fluorine gas generation and supply side, which
20 enables the location and type of an abnormal state on the generation and suppiy side to
be recognized by the controller 40. This enables the coniroller 40 to carry out, in
correspondence to the location and type of an abnormal condition, a variety of
information processing in connection with control of the gas swiiching section 56,
including, for example, the decision on the timing of gas switching, the execution prior
25 to gas switching of a program that checks the status of each main constituent member,
transmission of an alarm signal that alerts the operator of the location, etc., of the
abnormal state, and a manual operation indication.
The generation and supply apparatus 30 shown in Figure 1 uses a cylinder of the
substitute gas as its back-up section rather than providing an additional iteration of the
30 fluorine gas generation and supply structure that runs from the electrolytic cell 34 up to

and including the buffer section 42. This results in lower initial costs and lower



15 48, and transmt their results to the controller 40. The controller then
conpares these detected values with prelimnarily set threshold val ues and
det er m newowhesdoes the buffer section 42 resides in a noPcRlEPSYatve® or has
entered into an abnormal state. Thus, the detectors 36, 50, 52, and 54 are
respectively disposed in each of the r%l n constituent nenbers on the
fluorine gas generation and supply side, which 20 enables the |ocation and
type of an abnormal state on the generation and supply side to be
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consequence, the basic information necessary for controlling the gas switching section
56 can be obtained by sensing an abnormal state in the gas supply path that supplies
fluorine gas from the electrolytic cell 34 to the gas utilization section, for example, an
20~ abnormal state for the fluorine gas in the downstream buffer section 42. However, in
this case it will be desirable to have enabled a separate sensing of any abnormal state
at the electrolytic cell 34 unrelated to control of the gas switching section 56.
Figure 4 contains a schematic diagram of a fluorine gas generation and supply
apparatus that is another embodiment of this invention. This embodiment lacks
25 detectors for detecting abnormal conditions at the compressor 44, buffer tank 46, and
flow controller 48 in the buffer section 42. A detector 72 that detects the pressure and
flow rate in the gas supply conduit is provided instead to function as a detector of
abnormal conditions in the gas supply path that feeds fluorine gas from the electrolytic
cell 34 to the gas utilization section. The controller 40 exercises control on the gas
30 switching section 56 with reference not only to the detection result for the status of the

electrolytic cell 34 afforded by the detector 36, but also to the detection results afforded



detector 36 are not transmtted to the controller 40, but rather are used
by a controller 70 for replenishnment of the electrolytic cell 34 with

hydr ogen wWbuwamnsdaes f rom t he hydrogen fluoride source 32. PETAPIADI0Y nal
state at the electrolytic cell 34 will generally also cause an abnornmality
or perturbation in the status of the geperated fluorine gas. As a
consequence, the basic information necessary for controlling the gas
switching section 56 can be obtained by sensing an abnormal state in the
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pressure and flow rate within the fluorine gas” supply conduit downstream
from t héepyRigly freantothar process gases. The gas production section 26 can also be
configured to produce other fluorine-type process gases instead of interhalogen fluorine
compound gases. A cylinder of fluorine gas can be used in each of the embodiments
elaborated hereinabove in place of the cylinder of substitute gas insofar as the
20  corresponding safety issues can be resolved. ' -
While various modifications and alterations within the technical sphere of the
concept of this invention can be devised by the individual skilled in the art, it should be
understood that such modifications and alterations also fall within the scope of this
invention.
25
Advantageous Effects of the Invention
As has been described in detail hereinabove, this invention provides a fluorine
gas-generation and -supply apparatus that is disposed in the gas supply system of a
semiconductor processing system and that in the event of abnormalities in the

30 apparatus enables back up by a safe and inexpensive structure.



The gas switching section 56 may al so be di sposed between the electrolytic
cell 10 34 and the buffer section 42 in each of the enbodi nents di scussed
above. | rweuwsls@e6 case the controller 40 will exercise coRCT@EPODMIDNe gas
switching section 56 with reference only to the detection result afforded
by the detector 36 for the state of th el ectrolytic cell 34. Moreover,
while the fluorine gas is fed either to the fl ow managenent section 22 or
to the gas production section 26 in the enbodi nents 15 di scussed above,
this gapHaDderiplidtrbi 8@ Mialviitdd ¥ to the process chanmber 12 separately
from ot her process gases. The ‘gas production section 26 can al so be
configured t Figireddceconiaing & geematic ydrawingcket ijustesates nat satiednductor
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the 30 apparatus enables back up by a safe and_inexpensive structure. WO
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fluorine gas that is an enbodi nent of this invention. 5 Figure 2 contains a
schematic drawing that illustrates an exenplary nodification of the

sem conduct or processing apparatus that is used in conbination with the gas



supply system shown in Figure 1. Figure 3 contains a schematic draw ng that
illustrates an apparatus for the generation and supply of fluorine gas
that i s awotob®seoesrbodi ment of this invention. 10 Fi gure 4PCOEPal/n®oa
schematic drawing that illustrates an apparatus for the generation and
supply of fluorine gas that is yet anotfer enbodinent of this invention. WO
03/ 056066 PCT/EP02/ 14909 13 dains 1. Apparatus that generates and
supplies fluorine gas and is disposed in the gas supply systemof a

sem congquigfifig Processing system said apparatus being 5 characteristically
provi de an electrolytic cell that generates fluorine gas by the

el ectrolysis of hydrogen fluoride in an electrolytic bath conprising
hydrogen fluoride-containing nolten salt, a cylinder that stores a

substitute gdsAPPRERS I3t asheraies gndsypplins flugnngyoas and is digeesed indbeigas,
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el ectrolytic cell detector, exercises control on the gas switching section
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fluorine gas, characterize t he e trolytic cell detector detects
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bath. 3. The apparatus of claim2.fqr the,.generation and supp f fluorine
gas, char actsg%%ﬁ\é%y SHPPYES @ ORs @l'@gpﬁﬁ%ﬁlge Vﬂ@ﬁﬁu%@@&ﬁﬁﬁoﬁé"é@f@t@wpat e
sel ect ed frogell besulgdtRetelda@frori Yhé @ﬂtndé'ﬁar acteristics, liquid |level, and
temperature of the electrolytic bath. 25 4 paratus according to any of

cl ai s Bnreledralytic ¢eldejesler at@gt%t@@pt@oféﬁe electrolytic cell, and
a controller that, upon detection of an abnormal state at the electrolytic cell by the
15 electrolytic cell detector, exercises control on the gas switching section so as to
feed the substitute gas from the cylinder to the gas utilization section.

2. The apparatus of claim 1 for the generation and supply of fluorine gas,
characterized in that the electrolytic cell detector detects a state that is representative of
20 - the composition of the electrolytic bath. - - T

3. The apparatus of claim 2 for the generation and supply of fluorine gas,
characterized in that the electrolytic cell detector detects a state selected from the
electrical current characteristics, liquid level, and temperature of the electrolytic bath.

25

4. Apparatus according to any of claims 1 to 3 for the generation and supply of
fluorine gas, characterized in that the apparatus is additionally provided with a path
detector that can detect an abnormal state in the gas supply path that supplies fluorine
gas from the electroiytic cell to the gas utilization section and in that the controller, upon

30 detection of an abnormal state at the electrolytic cell by the electrolytic cell detector or
upon detection of an abnormal state in the gas supply path by the path detector,



fluorine gas, characterized in that the apparatus is additionally provided
wth a path detector that can detect an abnormal state in the gas supply
pat h t hatweuwppsdoes fl uorine gas fromthe electrol ytic celPCTEPOYh0gGas
utilization section and in that the controller, upon 30 detection of an
abnormal state at the electrolytic cell; by the electrolytic cell detector
or upon detection of an abnormal state in the gas supply path by the path
detector, WD 03/056066 PCT/ EP02/ 14909 14 exercises control on the gas
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the gas utilization section. 5. Apparatus that generates and supplies

f 1 uor i n&ylinderdadne gagutlizaiion seatiehe gas 5 supply system of a sem conduct or
processi ng system said apparatus being characteristically provided with
an electrolytic cell that generates fluorine gas by the electrol ysis of

hydr ogen fl ud:iApparaius thatejepetates yndsubplids flworine gasiandnisddisgesed in the gas
fluori de-coptainjn lten salt, a cylinder that stores a substitute gas
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f1 uori dehapdiiegdticany pevidedokiide, a gas switching section that is connected
to the electrolytic cell and cylinder and that selectively supplies a gas
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the fluorine gas a omthe electrolytic cell to the gas
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det?gtor thatf detects. the sta}te f,th% buffer section. 25
luorine gas from the electrolytic cell to the gas utilization section, and
a controller that, upon detection of an abnormal state in the gas supply path by the path
detector, exercises control on the gas switching section so as to feed the

substitute gas from the cylinder to the gas utilization section.

20 6. The apparatus according. to.claim_4.or.5 for.the generation and supply-of -
fluorine gas, characterized in that the gas supply path is provided with a buffer section
that controls the pressure and flow rate of the fluorine gas that is supplied from the
electrolytic cell to the gas switching section and in that the path detector is provided
with a buffer detector that detects the state of the buffer section.

25

7. The apparatus according to claim 6 for the generation and supply of fluorine
gas, characterized in that the buffer section is provided with a compressor that
pressurizes the fluorine gas from the electrolytic cell and in that the buffer detector
detects the operational status of the compressor.

30



7. The apparatus according to claim6 for the generation and supply of
fluorine gas, characterized in that the buffer section is provided with a
conpr essowotohaseospr essuri zes the fluorine gas fromthe el @CrmPhy149e9 cel |
and in that the buffer detector detects the operational status of the
conpressor. 30 WO 03/056066 PCT/EP02/14909 15 8. The apparatus according
to claim6 for the generation and supply of fluorine gas, characterized in
that the buffer section is provided with a buffer tank that tenporarily
stores fluorigengagp t iBGt i ! f :
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the fluorine gas flowrate at said flow 10 controller. 10. Apparatus
according to any of clainms 1 through 9 for the generation and supply of
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gas, characterized in that the buffer section is provided with a flow controller that
supplies fluorine gas from the electrolytic cell to the gas switching section at a specified
flow rate and in that the buffer detector detects the fluorine gas flow rate at said flow

10  controller.

10. Apparatus according to any of claims 1 through 9 for the generation and
supply of fluorine gas, characterized in that the substitute gas comprises chlorine
fluoride.



