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(57) ABSTRACT 

The invention relates to a gas supply device for delivering 
precursors With a 10W vapor pressure to CVD coating 
systems. Said gas supply device has a supply container for 
the precursor Which is at a ?rst temperature T1, an interme 
diate storage device for intermediately storing the vaporous 
precursor at a second temperature T2 and at a constant 
pressure p2, a ?rst gas line betWeen the supply container and 
the intermediate storage device and a second gas line for 
removing gas from the intermediate storage device. Accord 
ing to the invention, the gas supply device is developed in 
such a Way that the ?rst temperature T1 is higher than the 
second temperature T2. The loWer temperature T2 of the 
intermediate storage device facilitates maintenance Work on 
the same, While the precursor evaporates at a greater rate at 
the higher temperature T1 in the supply container. According 
to a particularly advantageous embodiment, a ?rst precursor 
vapor is mixed With a gas and/or a second precursor vapor 
in the intermediate storage device. The partial pressure of 
the ?rst precursor vapor in the intermediate storage device is 
loWer than that of the undiluted ?rst precursor vapor at a 
constant overall pressure in said intermediate storage device, 
so that the temperature T2 of the intermediate storage device 
and the successive lines can be reduced. Reducing the 
temperature T2 alloWs less expensive components to be 
used. 
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GAS SUPPLY DEVICE FOR PRECURSORS WITH 
A LOW VAPOR PRESSURE 

[0001] The invention relates to a gas supply device for 
precursors With a loW vapor pressure, especially for CVD 
coating systems according to the characterizing portion of 
claim 1. 

[0002] In modern CVD coating systems (chemical vapor 
deposition), more and more specialiZed coatings are applied 
to components or substrates. The coatings, Which may also 
consist of a series of different thin layers, must satisfy very 
high requirements With regard to their properties. In order to 
achieve such properties the deposition must also be of very 
high quality. This includes the deposition rate as a deposition 
parameter, for example, Which has a considerable effect on 
the coating quality. In CVD deposition, the deposition rate 
is fundamentally determined by the partial pressure of a 
gaseous precursor. Therefore, the partial pressure must be 
set very precisely and must not ?uctuate. 

[0003] Special coating materials are used for coating 
Which are delivered to the coater via selected precursors. 
Precursors used for producing TiOZ/SiO2 alternating coat 
ings are titanium tetrachloride (TiCl4) or hexamethyl disi 
loxane (HDMSO), for example, Which, under normal con 
ditions, have a loW vapor pressure far beloW the atmospheric 
pressure. Such a loW vapor pressure is usually too loW for an 
adequate deposition rate required for industrial coating. 
Therefore, the precursors must be heated up to a ?rst 
evaporation temperature in a supply container so as to 
generate an adequate vapor pressure. 

[0004] In order to prevent the precursor from condensing 
on the Way to the coater, the gas supply device must then be 
heated betWeen the supply container and the coater to a 
second temperature, Which is higher than the ?rst evapora 
tion temperature. 

[0005] It is also knoWn to intermediately store the precur 
sors or the TiCl4 and hexamethyl disiloxane coating mate 
rials in an intermediate storage device at a vapor pressure of 
approx. 50 mbar or greater so as to achieve an adequate mass 
?oW rate through the folloWing valves, mass ?oW controllers 
and tube systems. In order to obtain such a partial pressure, 
the intermediate storage device is heated up to at least 50° 
C. for TiCl4 and 30° C. for hexamethyl disiloxane. 

[0006] Furthermore, NbZOZ/SiO2 alternating coatings can 
also be produced offering the advantage that they tend less 
toWard crystalliZation. Moreover, NbO2 can be deposited at 
higher deposition rates. Additionally, the coefficient of 
expansion of Nb2O5 is more suitable to that of SiO2 than the 
coef?cient of expansion of TiO2, so that thicker alternating 
coatings can be produced With Nb2O5. HoWever, for the 
production of Nb2O5 coatings only precursors With com 
paratively loW vapor pressure are available Whose vapor 
pressure under normal conditions is even far beloW the 
vapor pressure of the HMDSO and TiCl4 precursors. A 
commercially available Nb compound With the highest 
vapor pressure, NbClS, Will not have a pressure of 50 mbar 
until a temperature of approx. 170° C. is reached. The 
temperature dependence of the vapor pressure of NbCl5 is 
illustrated in the bottom curve in FIG. 1. Therefore, a gas 
supply device for uniformly supplying a PICVD coating 
system With NbCl5 vapor Would have to be maintained at 
said temperature. 
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[0007] A gas supply device for providing precursors With 
a loW vapor pressure With a supply container for a precursor 
and an intermediate storage device for buffering and mixing 
the vaporous precursor With other gases is knoWn (JP 2-25 
09 77 The supply container is thermostatted to a ?rst 
temperature T1 and the intermediate storage device is ther 
mostatted to a second temperature T2 Where the ?rst tem 
perature T1 is loWer than the second temperature T2 so as to 
prevent condensation of the precursor in the intermediate 
storage device. A carrier gas is delivered to the supply 
container Which transports the precursor to the intermediate 
storage device and from there to a reaction chamber. The gas 
supply device can be provided With a second supply con 
tainer from Which a second precursor is delivered to the 
intermediate storage device by means of a carrier gas so as 
to mix the tWo precursors and the carrier gas. In this device, 
the intermediate storage device and the equipment con 
nected to the intermediate storage device must be main 
tained at the high temperature T2, Which makes maintenance 
Work time-consuming because of the required cooling doWn 
period, and the materials and equipment must be able to 
Withstand the high temperature T2. 

[0008] A type of gas supply device for precursors With a 
loW vapor pressure, especially for a PICVD coating system, 
is knoWn Where a supply container for the precursor is held 
at a ?rst temperature (DE 42 36 324 C 1). Also, said gas 
supply device has an intermediate storage device for inter 
mediate storage of the vaporous precursor, Where the inter 
mediate storage device is connected to the supply container 
via a gas line. The gas With the precursor can be removed 
from the intermediate storage device for the PICVD coating 
system. In this gas supply device, the intermediate storage 
device is maintained at a second temperature Which is higher 
than the ?rst temperature of the supply container. Pressure 
?uctuations in the gas With the precursor caused by removals 
of varying mass ?oW rate into the PICVD coating system are 
largely compensated by the intermediate storage device. 

[0009] For repairs or routine maintenance Work on the 
intermediate storage device, hoWever, the intermediate stor 
age device and the equipment connected to said device for 
supplying and removing the gas have to be cooled, Which is 
very time-consuming. This also requires the use of expen 
sive high-temperature mass ?oW controllers in the area of 
the intermediate storage device. Moreover, in continuous 
removal, the maximum removable precursor mass How is 
limited by the evaporation rate of the supply container Which 
is maintained at a loWer temperature. 

[0010] The aim of the invention is to develop a gas supply 
device for a precursor With a loW vapor pressure such that 
maintenance and repair Work on an intermediate storage 
device can be completed easily and quickly and using 
cost-effective components for the intermediate storage 
device and its elements Without having to limit the maxi 
mum achievable mass ?oW rate of the precursor. 

[0011] The problem is solved by means of the features of 
claim 1. 

[0012] According to claim 1, a gas supply device of the 
invention for precursors With a loW vapor pressure has a 
supply container for storing a ?rst precursor With a loW 
vapor pressure, an intermediate storage device for interme 
diate storage of the ?rst precursor evaporated in the supply 
container, a ?rst gas line connecting the supply container to 
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the intermediate storage device, and a second gas line for 
removing the gas from the intermediate storage device. In 
this embodiment, the gas supply device is also called a gas 
generator. 

[0013] The supply container is maintained at a ?rst tem 
perature T1. Via the ?rst gas line, the gas enters the inter 
mediate storage device Where it is maintained at a second 
temperature T2. Also, the pressure in the intermediate stor 
age device is held at a constant pressure p2 Which is loWer 
than the pressure p1 in the supply container so that the 
vaporous ?rst precursor ?oWs into the intermediate storage 
device because of the higher pressure in the supply con 
tainer. According to the invention, the ?rst temperature T1 in 
the supply container is higher than the second temperature 
T2 in the intermediate storage device. 

[0014] The gas removed via the second gas line on the 
intermediate storage device serves to supply the coaters With 
the gaseous ?rst precursor. Coaters are especially CVD 
coating systems or the like. Precursors are also frequently 
called educt species, starting materials or coating material. 
Precursors With a loW vapor pressure should be understood 
to mean solid or liquid coating compounds With a vapor 
pressure of less than 10 mbar at temperatures of 50° C., for 
example. 
[0015] A supply container is usually a quartZ ?ask or a 
high-grade steel container or the like, Where the material of 
the container is resistant to reactions With the precursor. The 
intermediate storage device can also consist of quartZ, 
high-grade steel or the like. Advantageously, the intermedi 
ate storage device is voluminous so as to buffer pressure 
?uctuations caused by irregular gas removal from the inter 
mediate storage device. The optimal volume of an interme 
diate storage device is knoWn from DE 42 36 324 C1 Whose 
disclosure content is hereby incorporated. 

[0016] The maximum removable mass ?oW from the 
supply container depends on the pressure p1. In normal 
operation, the gas volume of the supply container is ?lled 
With pure precursor vapor so that the pressure p1 is equal to 
the equilibrium vapor pressure of the precursor, Which 
increases With the temperature T1. The maximum removable 
precursor mass ?oW from the intermediate storage device for 
a coater is limited by the mass ?oW betWeen the supply 
container and the intermediate storage device. 

[0017] Consequently, as the temperature T1 and thus the 
pressure p1 increase the maximum usable mass ?oW for 
coating can be increased. 

[0018] The evaporation rate of the ?rst precursor in the 
supply container depends on the temperature T1 and on the 
partial pressure of the ?rst precursor in the supply container. 
The evaporation rate increases as the temperature rises. If 
the vaporous precursor is noW removed for the intermediate 
storage device the precursor is very quickly replaced 
because of the evaporation. In the supply container, the 
saturation vapor pressure of the precursor is virtually main 
tained. Because the saturation vapor pressure depends very 
highly on the temperature (see FIG. 2) a minor change in the 
temperature T1 can achieve a signi?cant change in the 
pressure p1. 

[0019] Because the precursor is preferably present only in 
gaseous form in the intermediate storage device because of 
the loWer pressure p2 in the intermediate storage device, the 
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maximum removable mass How in a suitable temperature 
interval is not limited by the loWer temperature T2 in a 
suitable temperature interval of the intermediate storage 
device. Therefore, the setting of the temperature T2 is not 
dependent on the temperature T1, and the intermediate 
storage device and the equipment connected to the interme 
diate storage device have to be heat-resistant only With 
regard to the loWer temperature T2, Which alloWs the use of 
less expensive components, for example How rate control 
lers and valves. For maintenance or repair Work in the area 
of the intermediate storage device, the Waiting period until 
the intermediate storage device and the equipment con 
nected to said device have cooled doWn is reduced thereby. 

[0020] Also, the loWer temperature T2 at Which the high 
volume intermediate storage device must be held contributes 
to saving energy. In contrast, the supply container can be 
small compared to the intermediate storage device and it can 
be integrated so as to be heat insulated in the heated area of 
the intermediate storage device. 

[0021] Advantageously, the temperature T2 of the inter 
mediate storage device is set such that the maximum partial 
pressure of the ?rst precursor in the intermediate storage 
device is beloW the saturation vapor pressure of the precur 
sor in the intermediate storage device at the temperature T2. 
This is to prevent that the ?rst precursor condenses and 
remains in the intermediate storage device. 

[0022] When the pressure p1 is more than 1.5 [times] 
higher than the pressure p2 in the intermediate storage 
device, a pressure difference is obtained betWeen the supply 
container and the intermediate storage device Where a lock 
ing of a connection betWeen the supply container and the 
intermediate storage device is achieved. Then, the rate of 
transportation explicitly depends upon the pressure differ 
ence (p1-p2) and the conductance of the tube connection 
betWeen the supply container and the intermediate storage 
device. In the limiting case of an ideally locked ?oW, the 
maximum mass How is solely determined by p1 and the 
cross-section of the line at the locking point (tube end or 
valve opening, for example). 

[0023] The locking also prevents that the precursor vapor 
can diffuse from the intermediate storage device back into 
the supply container. Using a gas mix of the precursor vapor 
With another gas in the intermediate storage device prevents 
the precursor from mixing With other gases in the supply 
container. 

[0024] If a valve is used, for example, for adjusting the 
mass ?oW betWeen the intermediate storage device and the 
supply container, its conductance can be set such that the 
mass ?oW through the valve is affected only by the pressure 
p1 on the inlet side and that it is independent of the pressure 
p2 on the outlet side (locking conditions). The pressure p1 
is preferably tWice as high as the pressure p2. 

[0025] According to an advantageous embodiment of the 
gas supply device, a metering device is provided betWeen 
the supply container and the intermediate storage device. 
The metering device is used for setting the mass ?oW from 
the supply container to the intermediate storage device. A 
metering device is usually a noZZle restricting the cross 
section of the line, a valve for opening and closing, a 
metering valve With variable cross-section and the like. The 
metering device is used to restrict the mass ?oW from the 
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supply container to the intermediate storage device. The 
metering device is preferably controlled, for example by 
means of a controller, in such a Way that the mass ?oW 
increases When the pressure in the intermediate storage 
device falls beloW the constant pressure p2, and that the 
mass ?oW decreases When the pressure in the intermediate 
storage device exceeds p2. 

[0026] The ?rst metering device is advantageously a con 
trollable mass ?oW controller so that on the one hand, 
control is possible via a control unit or a regulator, and on 
the other hand, the mass ?oW ?oWing betWeen the supply 
container and the intermediate storage device can be mea 
sured. 

[0027] According to another embodiment of the gas sup 
ply device, gas is discharged via a second metering device 
from the intermediate storage device to a gas outlet. With 
this arrangement, gas can be discharged continuously from 
the intermediate storage device. Alternatively, the second 
metering device can be adjusted such that When the pressure 
p2 is exceeded gas can be discharged from the intermediate 
storage device so as to maintain a constant pressure in the 
intermediate storage device. The outlet can also be used for 
evacuating and purging the intermediate storage device. 

[0028] Advantageously, the second metering device can 
be a How control valve, Where the cross-section can be 
adjusted for discharging the gas. 

[0029] According to another embodiment, the gas outlet is 
connected to a vacuum pump and/or cold trap. The vacuum 
pump evacuates the outlet side of the gas outlet to a pressure 
beloW the pressure p2 of the intermediate storage device so 
as to generate a pressure difference and alloWing a gas 
discharge. Alternatively, the vacuum pump and the cold trap 
can be used together so that the condensable gas freeZes out 
on the cold trap, While the non-condensable gas can be 
suctioned off by the vacuum pump. Using a cold trap alloWs 
that the usually expensive precursors With a loW vapor 
pressure can be retained so as to reuse them. 

[0030] According to an especially advantageous embodi 
ment of the gas supply device, a carrier gas is delivered into 
the ?rst gas line betWeen the supply container and the 
intermediate storage device. The carrier gas can be an inert 
gas, a second precursor or a gas mix With a second precursor. 
Carrier gases are used in CVD processes for transporting the 
precursors more rapidly to the object to be coated and for 
removing reaction products or impurities from there. There 
fore, the carrier gas transports the ?rst precursor faster 
through the gas supply device, and mixing the ?rst precursor 
With the carrier gas has the additional advantageous effect 
that as a result of diluting the ?rst precursor its partial 
pressure in the intermediate storage device is loWer than the 
total pressure p2 in the intermediate storage device. This 
alloWs another decrease in the temperature T2 in the inter 
mediate storage device because the condensation of the 
precursor depends solely on the partial pressure of the ?rst 
precursor and not on the total pressure in the intermediate 
storage device. By decreasing the partial pressure in the 
intermediate storage device the temperature T2 can be 
reduced even further. The temperature T2 is restricted by the 
loWer limit at Which the temperature-dependent saturation 
vapor pressure is higher than the partial pressure of the ?rst 
precursor in the intermediate storage device, Which prevents 
condensation. 
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[0031] In the above embodiment, a mix is stored in the 
intermediate storage device Whose precursor concentration 
(or molar fraction) is set to be constant. This is ensured by 
setting a constant ratio betWeen the tWo gas in?oWs (pre 
cursor and transport/reaction gas). By producing the above 
described locking betWeen the supply container and the 
intermediate storage device and at a constant pressure p1 a 
de?ned mass ?oW from the supply container to the inter 
mediate storage device is ensured. Additionally, the locking 
prevents the gas mix from diffusing from the intermediate 
storage device back into the supply container. 

[0032] It is practical to supply the carrier gas after the ?rst 
metering device so that the mass ?oW ?oWing through the 
metering device solely contains the precursor, and the carrier 
gas is unable to How into the supply container via the 
metering device because of the pressure difference. 

[0033] According to another embodiment, the carrier gas 
is delivered via a third metering device Which is preferably 
a mass ?oW controller so that the mass in?oW of the carrier 
gas can be controlled. 

[0034] According to an especially advantageous embodi 
ment, the mass How of the carrier gas is set proportionally 
dependent on the mass How of the ?rst precursor from the 
supply container to the intermediate storage device. As a 
result, a mixing ratio betWeen the ?rst precursor and the 
carrier gas is de?ned in the intermediate storage device by 
means of the proportionality factor. The constant mixing 
ratio in the intermediate storage device alloWs a de?ned 
supply of the ?rst precursor to the coater and thus ?nally, a 
uniform deposition rate. 

[0035] In order to produce optical functional coatings With 
a niobium oxide coating, the ?rst precursor is advanta 
geously an Nb compound, preferably NbCl5 or an Nb 
alcoholate, and the carrier gas is preferably 02. When 
SiOZ/NbZO5 alternating coatings are produced, for example, 
With a gas mix of O2 and NbCl5, the reaction gases are 
directly available in the intermediate storage device for 
depositing the Nb2O5 coating Without having to use another 
gas as a carrier gas. 

[0036] For coatings containing tantalum, TaCl5 or a Ta 
alcoholate can preferably be used. For coatings containing 
titanium or aluminum, TIPT (titanium isopropylate) or AICl3 
can preferably be used. 

[0037] An exemplary embodiment of the invention is 
explained in more detail by means of the draWings, as 
folloWs: 

[0038] FIG. 1 is a diagram of the temperature dependence 
of the saturation vapor pressure of an NbCl5 precursor. 

[0039] FIG. 2 is an exemplary embodiment of the gas 
supply device and a gas exchange station as Well as a CVD 
deposition system, and 

[0040] FIG. 3 is a combination of tWo gas supply systems 
With tWo coaters that are connected via a gas exchange 
station. 

[0041] The bottom curve in the diagram of FIG. 1 illus 
trates the course of the saturation vapor pressure of NbCl5 in 
dependence of the temperature. Niobium pentachloride 
(NbCl5) is present as a solid over the temperature range 
shoWn and sublimating directly into the gas phase. The 
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bottom curve in the diagram shows the maximum saturation 
vapor pressure achievable by the partial pressure of NbCl5 
in the gas phase in equilibrium With the solid phase. At 50° 
C., the saturation vapor pressure is at approx. 0.04 mbar. 
Said pressure is too loW to achieve an adequate mass ?oW 
for NbCl5 in gaseous state through the tubes and valves of 
a gas supply system. In order to provide an adequate 
quantity of gas and transporting said gas through a line 
system the temperature, and thus the saturation vapor pres 
sure must be increased. 

[0042] The top curve in FIG. 1 shoWs the maximum 
setting for the total pressure or absolute pressure in the case 
Where NbCl5 is present in dilution With another gas to a 5% 
NbCl5 ratio. The total pressure can then be approx. 20 times 
higher than the saturation vapor pressure of NbCl5 before 
NbCl5 condenses from said gas mix. 

[0043] FIG. 2 shoWs a diagram of a gas supply device 1 
Where the precursor NbCl5 is stored in a supply container 2. 
The evaporation of the precursor generates a ?rst pressure 
p1 in the supply container 2. The supply container 2 is 
connected via a ?rst gas line 3 to an intermediate storage 
device 4. In the ?rst gas line 3, coming from the supply 
container 2 a ?rst cut-off valve 5 and a mass ?oW controller 
6 (MFC) are disposed. With the ?rst cut-off valve 5, the ?rst 
gas line 3 can be locked relative to the supply container 2 so 
that the supply container 2 can be removed from the gas 
supply device 1 for maintenance Work or for re?lling the 
NbCl5 precursor. 
[0044] During the gas supply operation, the ?rst mass ?oW 
controller 6 is used for measuring the mass ?oW from the 
supply container 2 to the intermediate storage device 4 and 
for adjusting the mass ?oW rate to a speci?ed value. 

[0045] BetWeen the ?rst cut-off valve 5 and the ?rst mass 
?oW controller 6, another gas line branches off from the ?rst 
gas line 3, Which can be locked by means of a second cut-off 
valve 7. When the cut-off valve 7 and the cut-off valve 5 are 
open, the supply container 2 can be evacuated by means of 
a forepump 8. Also, any purging gas that may have been 
supplied (supply not shoWn) can be pumped out by means of 
said forepump 8. 

[0046] BetWeen the ?rst mass ?oW controller 6 and the 
intermediate storage device 4 another line enters the ?rst gas 
line 3. In said line a second mass ?oW controller 9 is 
disposed. Through the second mass ?oW controller 9, a 
carrier gas or another reaction gas, in the present case 
oxygen (O2), can be delivered into the ?rst gas line 3. The 
NbCl5 precursor is then mixed With the carrier gas and 
delivered to the intermediate storage device 4. 

[0047] Via a second gas line 10 the gas or gas mix can be 
removed from the intermediate storage device 4 and deliv 
ered to a gas exchange station 11. Starting at the interme 
diate storage device 4, a ?rst metering valve 12 and a third 
curt-off valve 13 are disposed in the second gas line 10 
before the second gas line 10 enters a deposition system 14. 
When the third cut-off valve 13 is open the ?rst metering 
valve 12 causes a pressure drop betWeen the intermediate 
storage device 4 and the outlet side of the ?rst metering 
valve 12. 

[0048] Another gas line leaves the intermediate storage 
device 4 via a How control valve 15 Which is also connected 
to the forepump 8. The pressure in the intermediate storage 
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device 4 is measured With a pressure sensor 16. The mea 
sured pressure value is delivered to a pressure controller 17 
controlling the How control valve 15. The pressure controller 
17 maintains the pressure in the intermediate storage device 
4 at a speci?ed second pressure value p2. If the pressure in 
the intermediate storage device 4 exceeds the speci?ed 
second pressure value p2, the pressure controller 17 causes 
the How control valve 15 to open and discharge excess gas 
to the forepump 8. 

[0049] In the gas exchange station 11, behind the third 
cut-off valve 13, another deposition gas can alternately be 
delivered to the second gas line 10 from another gas line via 
a fourth cut-off valve 18. In the present case, the other 
deposition gas is a hexamethyl disiloxane-oxygen mix 
(HMDSO/O2) for depositing SiO2 coatings. Therefore, by 
sWitching the cut-off valves 13 and 18, the deposition 
operation can be sWitched from Nb2O5 deposition (from the 
NbCl5 precursor) to SiO2 deposition. 

[0050] The gas supply device 1 is divided into tWo tem 
perature Zones. The ?rst temperature Zone is the supply area 
19 comprising the supply container 2, the ?rst cut-off valve 
5, a portion of the ?rst gas line 3, the ?rst mass ?oW 
controller 6, the second cut-off valve 7 and a portion of the 
incoming and outgoing gas lines. The supply area 19 is 
maintained at a ?rst constant temperature T1. It is heated by 
means of common heating methods. The temperature is 
preferably maintained constant by means of an automatic 
control system. As a result of the ?rst temperature T1, the 
saturation vapor pressure p1 of the ?rst precursor, in the 
present case NbCl5, is obtained in the supply container. 
Heating the elements connected to the supply container 2 
prevents condensation in the supply area 19. 

[0051] Furthermore, an intermediate storage area 20 com 
prising a portion of the ?rst gas line 3, the intermediate 
storage device 4, a portion of the second gas line 10, the ?rst 
metering valve 12, the pressure sensor 16, the How control 
valve 15 and any gas lines for purging or delivering other 
gases is maintained at a second temperature T2. 

[0052] According to the exemplary embodiment, oxygen 
is supplied through the second mass ?oW controller 9 into 
the ?rst gas line 3. Appropriate control of the mass ?oW 
controllers 6 and 9 achieves that the second mass ?oW 
controller 9 delivers a mass How of oxygen proportional to 
the ?rst mass ?oW controller 6. In the present case, the mass 
How of the oxygen is 19 times higher than the mass How of 
NbCl5, resulting in a mixing ratio of 5% NbCl5 gas and 95% 
oxygen in the intermediate storage device 4. The interme 
diate storage device is maintained at a total pressure of 40 
mbar. The partial pressure of the NbCl5 in the intermediate 
storage device is approx. 2 mbar, Which is clearly beloW the 
saturation vapor pressure of 4 mbar at 120° C. (see FIG. 1) 
and Which prevents condensation of NbCl5. 

[0053] The ?rst temperature T2 is equal to 200° C. so that 
the saturation vapor pressure of NbCl5 according to FIG. 1 
is approx. 105 mbar and therefore p1 is approx. 100 mbar. 
Accordingly, a pressure difference With a factor greater than 
2 exists betWeen the supply container 2 and the intermediate 
storage device 4 so that the mass ?oW from the supply 
container 2 into the intermediate storage device 4 is ensured. 

[0054] The pressure p2 in the intermediate storage device 
4 is controlled by means of the How control valve 15. The 
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mass ?oW controllers are set for constant ?oW rates. Alter 
natively, With a ?xed cross-section of the opening of the How 
control valve 15 to the forepump 8, the pressure p2 is 
controlled via a variable control of the mass ?oW rates of the 
mass ?oW controllers 6, 9 at a constant ratio. 

[0055] Another pressure drop is caused by the ?rst meter 
ing valve 12 betWeen the intermediate storage device and the 
gas exchange station, Which further decreases the partial 
pressure of NbCl5, and the temperature in the area of the gas 
exchange station can be reduced further. In the present case, 
it is 75° C. so that according to FIG. 1, the maximum partial 
pressure of NbCl5 can be 0.25 mbar, and therefore the total 
pressure of the gas mix can be max. 5 mbar. Therefore, 
betWeen the intermediate storage area 20 and the gas 
exchange station 11, the pressure decreases by at least a 
factor 8. With such a pressure drop, a locking takes place in 
the ?rst metering valve 12, Which means With such a 
pressure drop the mass ?oW through the ?rst metering valve 
depends solely on its conductance and the pressure p2 in the 
intermediate storage device 4 and it is independent of the 
pressure in the gas exchange station 11. Therefore, in order 
to obtain a constant mass ?oW from the intermediate storage 
device 4 to the gas exchange station 11 and continuing to the 
deposition system 14, it is not necessary to provide another 
mass ?oW controller because the mass ?oW rate is deter 
mined via the constant pressure p2 and the conductance 
setting of the ?rst metering valve. 

[0056] According to another embodiment of the gas sup 
ply device, the ?rst mass ?oW controller 6 can also be 
substituted by a metering valve corresponding to the ?rst 
metering valve 12, because again, the pressure drop betWeen 
the supply container 2 and the intermediate storage device 4 
is greater than a factor 2. This alloWs that the high-tempera 
ture mass ?oW controller 6 can be replaced by a less 
expensive metering valve. 
[0057] The above gas supply device 1 Was described 
merely as an example for using the NbCl5 precursor and 
oxygen as carrier gas. Other precursors With a loW vapor 
pressure and other carrier gases can also be used. Examples 
of precursors are niobium ethoxide, aluminum trichloride, 
titanium isopropoxide, tantalum ethoxide. The temperatures 
to be set, T1 for the supply area 19, T2 for the intermediate 
storage area 20 and T3 for the gas exchange station can then 
be determined based on the curves of the saturation vapor 
pressure for the respective precursor alloWing for the indi 
vidual concentrations (molar fractions). 
[0058] FIG. 3 shoWs a multi-chamber coating system 14, 
14‘ Which can be supplied by multiple gas supply devices 19, 
20; 19‘, 20‘ via a gas exchange station 11 With tWo different 
precursors for producing alternating coatings. The reference 
numbers used in FIG. 2 and described above are used for 
identical elements in FIG. 3. 

[0059] The functional method of the tWo gas supply 
devices 19, 20; 19‘, 20‘ substantially corresponds to the gas 
supply device 1 of FIG. 2 With the difference that the 
temperature T1 of the supply area 19 and the temperature T2 
of the intermediate storage area 20 are optimiZed for the 
temperature dependence of the precursor in the supply 
container 2, and the temperature T4 in the supply area 19‘ 
and the temperature T5 in the intermediate storage area 20‘ 
are optimiZed for the temperature-dependent course of the 
vapor pressure of the second precursor in the supply con 
tainer 2‘. 
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[0060] Reference List 

[0061] 1 gas supply device 

[0062] 2 supply container 

[0063] 3 ?rst gas line 

[0064] 4 intermediate storage device 

[0065] 5 ?rst cut-off valve 

[0066] 6 ?rst mass ?oW controller 

[0067] 7 second cut-off valve 

[0068] 8 forepump 

[0069] 9 second mass ?oW controller 

[0070] 10 second gas line 

[0071] 11 gas exchange station 

[0072] 12 ?rst metering valve 

[0073] 13 third cut-off valve 

[0074] 14 deposition system 

[0075] 15 How control valve 

[0076] 16 pressure sensor 

[0077] 17 pressure controller 

[0078] 18 fourth cut-off valve 

[0079] 19 supply area 

[0080] 20 intermediate storage area 

1. Gas supply device for precursors With a loW vapor 
pressure, especially for CVD coating systems, With a supply 
container (2) for a ?rst precursor With a loW vapor pressure, 
Where the supply container (2) With the precursor is main 
tained at a ?rst temperature T1, With an intermediate storage 
device (4) for intermediate storage of the vaporous ?rst 
precursor, Where the intermediate storage device (4) is 
maintained at a second temperature T2 and at a constant 
pressure p2 Which is loWer than a pressure p1 in the supply 
container (2), With a ?rst gas line (3) betWeen the supply 
container (2) and the intermediate storage device (4), and 
With a second gas line (10) on the intermediate storage 
device (4) for removing gas from the intermediate storage 
device (4), characteriZed in that the ?rst temperature T1 is 
higher than the second temperature T2. 

2. Gas supply device as de?ned in claim 1, characteriZed 
in that the temperature T2 in the intermediate storage device 
(4) is set such that the saturation vapor pressure of the ?rst 
precursor is higher than its partial pressure in the interme 
diate storage device 

3. Gas supply device as de?ned in claim 1 or 2, charac 
teriZed in that the pressure p1 of the ?rst precursor in the 
supply container (2) is the saturation vapor pressure and the 
?rst precursor is in equilibrium betWeen the liquid or solid 
phase and the vaporous phase. 

4. Gas supply device as de?ned in claim 3, characteriZed 
in that the temperature T1 of the supply container (2) is set 
such that the pressure p1 of the ?rst precursor in the supply 
container (2) is betWeen 1.5 and 10 times higher than the 
pressure p2. 

5. Gas supply device as de?ned in claim 4, characteriZed 
in that the pressure p1 is approximately tWice as high as the 
pressure p2. 
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6. Gas supply device as de?ned in any of the preceding 
claims 1 to 5, characterized in that between the supply 
container (2) and the intermediate storage device (4) a ?rst 
metering device (6) is disposed for adjusting the mass ?oW 
from the supply container (2) to the intermediate storage 
device 

7. Gas supply device as de?ned in claim 6, characteriZed 
in that the ?rst rnetering device (6) is a controllable rnass 
?oW controller. 

8. Gas supply device as de?ned in any of the claims 1 to 
7, characteriZed in that the intermediate storage device (4) is 
coupled to a gas outlet via a second rnetering device (15). 

9. Gas supply device as de?ned in claim 8, characteriZed 
in that the second rnetering device (15) is a How control 
valve. 

10. Gas supply device as de?ned in claim 8 or 9, char 
acteriZed in that the gas outlet is connected to a vacuum 
pump (8) and/or cold trap. 

11. Gas supply device as de?ned in any of the claims 8 to 
10, characteriZed in that the constant pressure p2 in the 
intermediate storage device (4) is set by the second rnetering 
device (15). 

12. Gas supply device as de?ned in any of the claims 1 to 
11, characteriZed in that a carrier gas can be delivered into 
the ?rst gas line (3) betWeen the supply container (2) and the 
intermediate storage device 

13. Gas supply device as de?ned in any of the claims 6 to 
11, characteriZed in that a carrier gas can be delivered into 
the ?rst gas line (3) betWeen the ?rst rnetering device (6) and 
the intermediate storage device 

14. Gas supply device as de?ned in claim 12 or 13, 
characteriZed in that the carrier gas is delivered via a third 
rnetering device 
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15. Gas supply device as de?ned in claim 14, character 
iZed in that the third rnetering device (9) is a mass ?oW 
controller. 

16. Gas supply device as de?ned in any of the claims 14 
or 15, characteriZed in that the constant pressure p2 is set by 
the mass ?oWs of the ?rst and third rnetering devices (6, 9) 
With a ?Xed cross-section of the opening of the second 
rnetering device (15). 

17. Gas supply device as de?ned in any of the claims 12 
to 16, characteriZed in that the mass How of the carrier gas 
is proportional to the mass How of the ?rst precursor from 
the supply container (2) to the intermediate storage device 
(4). 

18. Gas supply device as de?ned in any of the claims 1 to 
17, characteriZed in that the precursor is an Nb, Ta, Ti or Al 
compound. 

19. Gas supply device as de?ned in claim 18, character 
iZed in that the Nb compound is NbCl5 or Nb ethoXide. 

20. Gas supply device as de?ned in claim 18, character 
iZed in that the Ta compound is TaCl5 or Ta ethoXide. 

21. Gas supply device as de?ned in claim 18, character 
iZed in that the Al compound is AICl3. 

22. Gas supply device as de?ned in claim 18, character 
iZed in that the Ti compound is TlPT (titaniurn isopropylate). 

23. Gas supply device as de?ned in any of the claims 12 
to 22, characteriZed in that the carrier gas is an inert gas, a 
second precursor or a gas mix with a second precursor, 
Where under normal conditions each of the carrier gases is 
gaseous. 

24. Gas supply device as de?ned in claim 23, character 
iZed in that the carrier gas is or contains oXygen. 

* * * * * 


