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METHOD AND APPARATUS FOR FEEDING GAS 
PHASE REACTANT INTO A REACTION 

CHAMBER 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to the use of liquids 
and in particular Solid Substances as precursors of gas phase 
processing of, e.g., thin films. Particularly, the invention 
concerns a method and an apparatus in which liquid or Solid 
matter is vaporised in a reactant Source and the vaporised 
reactant is fed into the reaction chamber of a gas phase 
proceSS for example for growing a in film on the Substrate of 
a Semiconductor device. 

0003 2. Description of Related Art 
0004. During processing of semiconductor wafers vari 
ous gases are fed into the reaction chamber. Typically the 
gases employed are present in gaseous form in the reactant 
Source. They are also often gaseous at ambient (i.e. normal) 
preSSure and temperature. Examples include nitrogen, oxy 
gen, hydrogen, and ammonia. In Some cases, gases of Source 
chemicals which are liquid or Solid at ambient pressure and 
temperature are used. These Substances may have to be 
heated to produce Sufficient amounts of gases for the reac 
tion. For Some Solid Substances, the vapour pressure at room 
temperature is So low that they have to be heated even up to 
Several hundred degrees centigrade. 

0005 Generally the Solid precursor is present in the form 
of a powder possibly may abundantly fines, which make the 
Solid matter into a dusting powder. The dust can easily be 
conducted along with the reactant and the Small particles and 
fines can be conveyed by diffusion. If the particles end up on 
the Substrate they may cause Small pin point sized holes and 
deformations in the thin film which can affect the operation 
of the film. 

0006 Conventionally, the solid precursor material has 
been placed in open containers which communicate with the 
reaction chamber. No means for Separating dust from vapor 
ised reactant gases has been provided. The containers are 
usually fitted inside the same preSSure shell as the reaction 
chamber. As a result, the Size of the pressure shell or vacuum 
vessel has to be increased. Further, the chemical is contacted 
with air during loading and maintenance operations which 
may lead to contamination of the precursor material. During 
loading of the chemical, the vacuum of the reactor chamber 
is broken. When the reactant Source is located inside the 
reactor, there will also be constant evaporation of the chemi 
cal and at least Some of the vaporised precursor will be 
drained via an outlet channel and Some material will be 
deposited on the channel walls. 

SUMMARY OF THE INVENTION 

0007. It is an aim of the present invention to eliminate the 
drawbacks of prior Solutions and to provide an entirely novel 
method and apparatus for feeding gas phase pulses from 
liquid or, in particular, Solid Sources into a gas phase reactor. 

0008. It is a further aim of the invention to provide a 
novel reactant Source assembly for generating a gas phase 
reactant flow. 
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0009. These and other objects, together with the advan 
tages thereof over known processes and apparatuses which 
shall become apparent from the following Specification, are 
accomplished by the invention as hereinafter described and 
claimed. 

0010. The present invention is based on the idea sepa 
rating the production of reactant gas from the use of the gas 
in a gas phase process. Basically this concept is imple 
mented by providing two Separate units, viz. a reactant 
Source and a reaction chamber which are located in Separate 
vessels each inside a pressure shell of its own. Thereby the 
units can be separately and individually evacuated to allow 
for independent operation and maintenance of both 
0011. It is preferred to provide the reactant source with a 
gas inlet for feeding gas into the reactant Source and a gas 
outlet for withdrawal of gaseous reactant. Thereby, carrier 
gas can be fed into the reactant Source and the necessary 
flow of gas from the reactant Source to the reactor can be 
achieved by means of the carrier gas which contains evapo 
rated reactant. 

0012. According to a particularly preferred embodiment, 
the reactant Source comprises a first container having an 
opening and which is placed within a pressure shell and 
heated to the vaporising temperature by using heating means 
fitted within the pressure shell. The vaporised reactant is 
conducted from the container through a first purifier to 
remove impurities contained in the vaporised reactant; the 
Vaporised reactant is collected in a gas Space: and the gas 
phase reactant is fed from the gas Space into the gas phase 
reaction chamber via a first conduit interconnecting the 
reactant Source and the reactor. 

0013 Based on the above, the invention provides a novel 
reactant Source assembly for generating a gas phase reactant 
flow. It comprises a first container having an opening and 
containing liquid or Solid reactant matter; a Second container 
having a gas tight container wall enclosing the first container 
and defining a gas Space around the first container; at least 
one first gas nozzle fitted in the container wall of the Second 
container for feeding gas into the gas Space; and at least one 
Second gas nozzle fitted in the container wall of the Second 
container for withdrawing reactant vaporized from first 
container and collected in the gas Space. 
0014) More specifically, the method according to the 
invention is mainly characterized by what is Stated in the 
characterizing part of claim 1. 

0015 The reactant source assembly is characterized by 
what is Stated in the characterizing part of claim 37. 
0016 Considerable advantages are obtained by the 
present invention. The invention makes it possible to change 
and load new reactant chemical without breaking the 
Vacuum of the reaction chamber. Contact between the reac 
tant chemical and air can be prevented. No Separate heating 
of the conduit interlinking the reactant Source and the 
reaction chamber is needed. A constant flow of reactant gas 
can be ensured. Dust can efficiently be removed from the 
reactant gas. The modular concept of the invention can be 
broadened So as to allow for a plurality of reactant Sources 
connected to the Same reactor. 

0017. The invention can be applied to a large number of 
Solid precursors, Such as metal compounds, Such as metal 
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halides, organometal compounds comprising metal-to-car 
bonbonds, metalorganic compounds, which do not comprise 
a metal-to-carbon bond but which contain carbon (e.g. thc 
compounds), and elemental metals. 
0.018 Next the invention will be examined more closely 
with the aid of a detailed description and with reference to 
a working embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 shows in a perspective view a reactant 
Source assembly combined with a reactor chamber. 
0020 FIG. 2 shows in a sectional side view the principal 
construction of a reactant Source according to the invention. 
0021 FIG. 3 shows in a perspective view the construc 
tion of the reactant Source. 

0022 FIG. 4 shows in a sectional side view the construc 
tion of a Solid Source assembly. 
0023 FIGS. 5a to 5c show various embodiments of the 
reactant container. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0024. As discussed above, the invention concerns a 
method and an apparatus for feeding a gas phase reactant 
from a reactant Source into a gas phase reaction chamber. In 
the method a reactant which is a liquid or Solid at ambient 
temperature is vaporised from the reactant Source at a 
vaporising temperature; and the vaporised reactant is fed 
into the reaction chamber. According to the invention, the 
reactant Source and the reaction chamber are located in 
separate vessels which can be individually evacuated. Pref 
erably the reactant Source and the reaction chamber are 
thermally isolated from each other. This can be achieved by 
providing them with active thermal isolation comprising 
Separate cooling and heating means which keep the outer 
Surfaces of the vessels at ambient temperature and achieves 
the necessary heating inside the vessel. 
0.025 The heating means can comprise tubular resistive 
heater elements. 

0026. The gas spaces of the reactant source and the 
reaction chamber are adapted to be communicating in order 
to allow for feed of gas phase reactant from the reactant 
Source to the reaction chamber. However, the interconnect 
ing first conduit preferably comprises also at least one valve 
which is used for Separating the gas Spaces of the reactant 
Source and the reaction chamber during evacuation and/or 
maintenance of either or both of the vessels. It is also 
possible to arrange for inert gas Valving in the conduit to 
prevent flow of reactant from the reactant Source to the 
reaction chamber by forming a gas phase barrier of a gas 
flowing in the opposite direction to the reactant flow in the 
conduit. 

0027. Because inactive, preferably inert gas, is fed into 
the reactant Source, the reactant Source can be operated at a 
preSSure in excess of the preSSure of the reaction chamber. 
For that purpose, the reactant Source comprises at least one 
inlet for feeding gas into the reactant Source and at least one 
outlet for with-drawing gas from the reactant Source. The 
outlet of the reactant Source preferably communicates with 
the reaction chamber. 
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0028. In order to remove any dispersed liquid droplets or 
Solid particles, the vaporised reactant is conducted to a 
purifier. The purifier can comprise a Semipermeable mem 
brane or Similar filter capable of essentially completely 
removing fines having a Size of less than 0.01 ul, preferably 
less than 0.005 um. 
0029. As discussed in more detail in connection with the 
attached drawings, according to a preferred embodiment, the 
method of the invention comprises the following Step: 

0030 vaporising the reactant from liquid or solid 
reactant matter maintained in a reactant Source com 
prising a first container having an opening, Said first 
container being placed within a pressure shell and 
being heated to the vaporising temperature by using 
heating means fitted within the preSSure shell; 

0031 conducting the vaporised reactant from the 
container through a first purifier to remove impurities 
contained in the vaporised reactant; 

0032 collecting the vaporised reactant in a gas 
Space: and 

0033 feeding gas phase reactant from the gas space 
into the gas phase reaction chamber via the first 
conduit. 

0034. In this embodiment, in order to free the vaporised 
reactant from liquid or Solid impurities, the evaporated 
reactant can be purified in a first purifier and then collected 
in the gas Space mentioned. The first purifier comprises, e.g. 
a filter (of any of the kind disclosed in connection with the 
Second filter below) covering the opening of the container. 
0035. The present method can be employed in any gas 
phase proceSS including chemical vapour deposition, CVD. 
In particular it is Suited to use in Atomic Layer Deposition, 
ALD, (formerly known as Atomic Layer Epitaxy, abbrevi 
ated ALE). Commercially available technology is Supplied 
by ASM Microchemistry Oy, Espoo, Finland, under the 
trade mark ALCVD. In the ALD technology, reactants are 
fed in the form of gas phase pulses alternately and Separately 
into the reaction chamber. For the ALD embodiment, the 
present method can be modified by collecting the vaporised 
reactant in a gas Space having a gas Volume significantly 
greater than the Volume of the gas phase pulse; and feeding 
one gas phase pulse at a time from the gas space into the gas 
phase reaction chamber via the first conduit. 
0036) The gas space in which the vaporised reactant is 
collected can be formed around the reactant container, e.g. 
by the Space between the container and a Second container 
Surrounding it. 
0037. The gas space is maintained at a temperature equal 
to or higher than the vaporising temperature to avoid con 
densation of the reactant. The gas Volume of the gas Space 
is preferably at least 5 times greater than the gas Volume of 
one gas phase pulse. 

0038. The container wall of the second container is made 
of a metal Selected from the group of StainleSS Steel, titanium 
and aluminium, whereas the first container, in the following 
also called “ampoule', is made from glass. 
0039 The first container can also be made of a material 
which has an additional non-reacetive Surface coating to 
prevent corrosion of the material. 
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0040. A substantial length of the first conduit intercon 
necting the reactant Source with the reaction chamber is 
contained within the pressure shell. Thus, the need for 
providing heating means around the conduit to prevent 
condensation of reactant vapours is reduced or eliminated. 
0041) A second purifier can be placed in the first conduit. 
The Second purifier comprises a purifying means Selected 
from the group of mechanical filters, ceramic molecular 
Sieves and electroStatic filters capable of Separating dis 
persed liquid or Solid droplets or particles or molecules of a 
minimum molecular size from the reactant gas flow. 
0042. In order to prevent gas flow from the reactant 
Source between the pulses, it is possible to form an inactive 
gas barrier, as mentioned above. In practice, the gas barrier 
can be formed by feeding inactive gas into Said first conduit 
via a Second conduit, connected to the first conduit at a 
connection point, during the time interval between the feed 
of vapour-phase pulses from the gas Space. The inactive gas 
is withdrawn from said first conduit via a third conduit 
connected to the first conduit, Said third conduit being 
maintained at a temperature equal to or higher than the 
condensation temperature of the vapour-phase reactant and 
being connected to the first conduit at a point upstream of the 
Second conduit. Thereby, an inactive gas flow of opposite 
direction to the reactant gas flow is achieved. 
0.043 A Substantial length of the second conduit is pref 
erably placed within the pressure shell to avoid the need for 
external heating. 
0044) The third conduit is maintained at a temperature 
equal to or lower than the reaction temperature. The third 
conduit comprises an open gas flow channel placed within 
the pressure Shell. 

0.045. In all of the above embodiments inactive gas, such 
as nitrogen or argon, is used as a carrier gas for the vaporised 
Solid or liquid reactant. The inactive gas is fed into the gas 
Space via a fourth conduit 
0046. It is particularly preferred to control the flow of 
Vaporised reagent and optionally inactive gas through the 
first conduit by valves whose regulating means are placed on 
the outside of the pressure shell. 
0047. In practice the reactant source assembly can be 
formed into a separate modular unit which can be replaced 
by a similar unit when a new loading of the reactant 
chemical is needed For this purpose the above mentioned 
Second container is preferably detachably connected to the 
first and the fourth conduits. 

0.048 Thus, in Summary, the novel apparatus for feeding 
a gas phase reactant from a reactant Source into a gas phase 
reaction chamber comprises a reactant Source which can be 
maintained at a vaporising temperature for vaporising a 
liquid or Solid reactant; and a reaction chamber, the reactant 
Source and the reaction chamber comprising Separate vessels 
which can be individually evacuated. The reactant Source 
and the reaction chamber are preferably thermally isolated 
from each other and interconnected with a first conduit 
comprising at least one valve. In the first conduit the flow of 
reactant from the reactant Source to the reaction chamber can 
be prevented by forming a gas phase barrier of a gas flowing 
in the opposite direction to the reactant flow in the conduit 
and the valve can be used for Separating the gas Spaces of the 
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reactant Source and the reaction chamber during evacuation 
of either or both of the vessels. The reactant Source com 
prises at least one inlet for feeding gas into the reactant 
Source and at least one outlet for withdrawing gas from the 
reactant Source. The outlet of the reactant Source commu 
nicates with the reaction chamber. 

0049 Based on the above, the reactant source assembly 
according to the invention comprises 

0050 a first container having an opening and con 
taining liquid or Solid reactant matter and 

0051 a second container having a gas tight con 
tainer wall enclosing the first container and defining 
a gas Space around the first container. 

0052 There is at least one first gas nozzle fitted in the 
container wall of the Second container for feeding gas into 
the gas Space; at least one Second gas nozzle fitted in the 
container wall of the Second container for withdrawing 
reactant vaporized from first container and collected in the 
gas Space. At least one valve is connected to the first gas 
nozzle for controlling gas flow through the first gas nozzle 
into the gas Space and at least one valve is fitted to the 
Second gas nozzle for controlling gas flow through the 
Second gas nozzle from the gas Space. 

0053 Turning now to the embodiment shown in the 
attached drawings, it can be noted that the following refer 
ence numerals are used: 

1. Vacuum vessel 
1'. Valve 
2. Heating elements 
2. Heat reflector box 
3. Heat reflector sheet 
3. Heat reflector door 
4. Solid source 
4'. Water cooling 
5. Inert gas valving 
6. Filter 
7. Gas space 
8. Closing valves 
9. Actuator 
9'. Line pipe 

10. Lead-in 
11. Ampoule 
12. Lid 
13. Sinter 
14. Lead-in 
15. Pressure relief valve 
16. Closing valve 
17. Closing valve 
3O. Space for liquid or solid source chemical 
31. Sinter 
40. Space for liquid or solid source chemical 
41. Sinter 
50. Space for liquid or solid source chemical 
51. Sinter 
60. Reaction chamber 

0054 The reactant source is fitted into a vacuum vessel I 
the inner parts of which are heated by using radiation heaters 
2 and a beat reflector sheet 3. The pressure shell of the vessel 
is equipped with water cooling 4, 4 for cooling the Surface 
of the vessel to ambient temperature. The vacuum vessel is 
provided with a reactant Source container which is capable 
of containing a Sufficient amount of chemical for allowing 
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for operation during an extended period of time, e.g. three 
months. The operational temperature of the reactant Source 
module is 20 to 400 D.C. 

0.055 The reactant container comprises a glass ampoule 
11 which prevents direct contact between the chemical 
contained therein and the Steel container Surrounding the 
ampoule. The ampoule comprises a casing and a cover (a lid 
12) which are joined together by conical joint having 
polished Surfaces. The lid exhibits a ceramic Sinter whose 
main task is to prevent carrier gas flow fed into the vessel 
from hitting the powdery reactant. Between the reactant 
Source container and the glass ampoule there is formed a gas 
Space 7 which has an essentially larger Volume than one 
individual gas phase pulse. Thus, the gas Space will be 
capable of diluting the concentration of the reactant pulse 
and to maintain a constant concentration of the gas phase 
pulse. 
0056. The pulsing of the vaporised reactant from the 
Source is implemented using a nitrogen gas barrier 5. In this 
case there is only one pulsating valve and it has been fitted 
outside the vacuum vessel. 

0057. It is possible to attach several Solid source assem 
blies to the reactor pressure shell, which makes it possible to 
operate at different temperatures. 

0.058 Inside the vacuum vessel there is a commercial 
filtration unit 6 which has an inner portion comprising a 
membrane made of ceramics, Steel or inert metal. The filter 
can be cleansed during operation by heating it to a tempera 
ture in excess of the use temperature and by pumping away 
the vaporised substance. The filter removes 99.9999999% of 
particles larger than 0.003 um. 
0059. The reactant source ampoule can be exchanged 
during operation without contacting the chemical with air at 
any stage. This is carried out with the aid of full-metallic 
closing valves 8 and nitrogen pressure in the piping. The 
reactant Source can be changed without breaking of the 
Vacuum in the reactor. This can be effected by closing the 
gas conduits communicating with the reactor with closing 
Valves and by forming an inert gas Valving against the flow 
of reactant gas from the Source towards the reactor. No air 
is admitted into the reaction chamber. 

0060. The closing valves are used for closing the reactant 
Source and for closing the gas conduit interconnecting the 
reactant Source and the reaction chamber after each proceSS 
ing. The valves can also be used during heating and cooling 
of the reactant Source. The highest operational temperature 
of the housing of the valve is, e.g. close to 500 C. The valve 
assembly is constructed in Such a way that the pneumatic 
actuator 9 is placed outside the vacuum vessel. The closing 
movement required by the valve can be achieved via a linear 
lead-in 10. Since the valve is made throughout of metal it is 
not entirely leak-tight. For this reason there is arranged on 
the opposite Side of the valve a nitrogen pressure, which 
hinders leaking, e.g. into the piping. 
0061. In the embodiment disclosed in the drawings, the 
piping of the assembly and the reactant Source vessel are 
placed within the pressure shell of the vacuum vessel. 
Preferably, there is a constant flow of nitrogen in the piping 
and/or constant control of the pressure. The construction 
hinders health hazards caused by any leaks and processing 
problems caused by air leaking into the equipment. 
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0062 FIGS. 5a-5c show three embodiments of the reac 
tant container. In the first embodiment the container 30 has 
a central axis and an annular croSS-Section perpendicular to 
the central axis. The opening 31 is formed at least on the 
inner Surface of the container. The opening is covered with 
a membrane, preferably a Semipermeable membrane 
(including a ceramic membrane of the sinter-type) providing 
for dust removal. There are inlet and outlet nozzles of the 
carrier gas flow and the carrier gas--reactant gas flow. 
0063. In the second embodiment, the container 40 is 
cylindrical and it has ah opening 41 at the top end. This 
embodiment was also discussed above in connection with 
the working embodiment. In the third embodiment, the 
container 50 is cylindrical and it has an opening 51 on the 
Side walls, i.e. the Side walls are made of a porous material, 
preferably a ceramic Sinter to provide for filtering operation. 

1. A method of feeding a gas phase reactant from a 
reactant Source into a gas phase reaction chamber, wherein 

a reactant which is a liquid or Solid at ambient temperature 
is vaporised from the reactant Source at a vaporising 
temperature; 

the vaporised reactant is fed into the reaction chamber; 
and 

the reactant Source and the reaction chamber are located 
in Separate vessels which can be individually evacu 
ated, 

characterized in that 

Vaporising the reactant from liquid or Solid reactant matter 
maintained in a reactant Source comprising a first 
container having an opening, Said first container being 
placed within a pressure shell and being heated to the 
Vaporising temperature by using heating means fitted 
within the pressure shell; 

conducting the vaporised reactant from the container 
through a first purifier to remove impurities contained 
in the vaporised reactant; 

collecting the vaporised reactant in a gas Space; and 
feeding gas phase reactant from the gas Space into the gas 

phase reaction chamber via the first conduit. 
2. The method according to claim 1, wherein the reactant 

Source and the reaction chamber are thermally isolated from 
each other. 

3. The method according to claim 1, wherein the reactant 
Source and the reaction chamber are interconnected with a 
first conduit comprising at least one valve. 

4. The method according to claim 3, wherein the valve is 
used for Separating the gas Spaces of the reactant Source and 
the reaction chamber during evacuation of either or both of 
the vessels. 

5. The method according to any of claims 1, wherein the 
reactant Source and the reaction chamber are interconnected 
with a first conduit in which the flow of reactant from the 
reactant Source to the reaction chamber is prevented by 
forming a gas phase barrier of a gas flowing in the opposite 
direction to the reactant flow in the conduit. 

6. The method according to any of claim 1, wherein the 
reactant Source is operated at a pressure in excess of the 
preSSure of the reaction chamber. 



US 2004/0O86642 A1 

7. The method according to any of claim 1, wherein the 
reactant Source comprises at least one inlet for feeding gas 
into the reactant Source and at least one outlet for withdraw 
ing gas from the reactant Source. 

8. The method according to claim 7, wherein the outlet of 
the reactant Source communicates with the reaction cham 
ber. 

9. The method according to claim 1, wherein the vapor 
ised reactant is conducted to a purifier for removing any 
dispersed liquid droplets or Solid particles contained therein. 

10. The method according to claim 9, wherein the purifier 
comprises a Semipermeable membrane or similar filter 
capable of essentially completely removing fines having a 
size of less than 0.01 um, preferably less than 0.005 um. 

11. The method according to claim 1, wherein the reactant 
is fed into the reaction chamber in the form of gas phases 
pulses, comprising collecting the vaporised reactant in a gas 
Space having a gas Volume significantly greater than the 
Volume of the gas phase pulse; and feeding one gas phase 
pulse at a time from the gas Space into the gas phase reaction 
chamber via a first conduit. 

12. The method according to claim 1, wherein the con 
tainer is provided with active thermal insulation. 

13. The method according to claim 1, wherein the vapor 
ised reactant is purified in the first purifier and then collected 
in the gas Space. 

14. The method according to claim 1, wherein the first 
purifier comprises a mechanical filter covering the opening 
of the container. 

15. The method according to claim 1, wherein the con 
tainer has a central axis and an annular cross-section per 
pendicular to the central axis, the opening being formed at 
least on the inner Surface of the container. 

16. The method according to claim 1, wherein the con 
tainer has a central axis and a circular croSS-Section perpen 
dicular to the central axis, the opening being formed on the 
top Surface of the container. 

17. The method according to claim 1, wherein the con 
tainer has a central axis and a circular croSS-Section perpen 
dicular to the central axis, the opening being formed on the 
Side walls of the container. 

18. The method according to claim 1, wherein the vapor 
ised reactant is collected in a gas Space Surrounding the 
container. 

19. The method according to claim 18, wherein the gas 
Space is formed in the interspace between the first container 
and a Second container Surrounding the first container. 

20. The method according to claim 1, wherein the gas 
Space is maintained at a temperature equal to or higher than 
the vaporising temperature. 

21. The method according to claim 1, wherein the gas 
Volume of the gas Space is at least 5 times greater than the 
gas Volume of one gas phase pulse. 

22. The method according to claim 1, wherein a Substan 
tial length of the first conduit is contained within the 
preSSure shell. 

23. The method according to claim 1, wherein a Second 
purifier is placed in the first conduit. 

24. The method according to claim 23, wherein the second 
purifier comprises a purifying means Selected from the 
group of mechanical filters, ceramic molecular Sieves and 
electroStatic filters capable of Separating dispersed liquid or 
Solid droplets or particles or molecules of a minimum 
molecular size from the reactant gas flow. 
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25. The method according to any of claims 1, wherein 
inactive gas is fed into Said first conduit via a Second 

conduit, connected to the first conduit at a connection 
point, during the time interval between the feed of 
Vapour-phase pulses from the gas Space So as to form 
a gas phase barrier against the flow of vaporised 
reactants from the reactant Source via the first conduit 
into the reaction chamber; and 

the inactive gas is withdrawn from Said first conduit via a 
third conduit connected to the first conduit, said third 
conduit being maintained at a temperature equal to or 
higher than the condensation of the vapour-phase reac 
tant and being connected to the first conduit at a point 
upstream of the Second conduit. 

26. The method according to claim 25, wherein a sub 
Stantial length of the Second conduit is placed within the 
preSSure shell. 

27. The method according to claim 25, wherein, at least 
for Some length of the first conduit the inactive gas fed via 
the Second conduit is conducted in opposite direction to the 
reactant flow. 

28. The method according to claim 25, wherein the third 
conduit is maintained at a temperature equal to or lower than 
the reaction temperature. 

29. The method according to claim 25, wherein the third 
conduit comprises an open gas flow channel placed within 
the pressure Shell. 

30. The method according to claim 25, wherein the 
inactive gas is fed into the first conduit at a point down 
Stream of the point at which the Second conduit is connected 
to the first conduit to provide a flow of inactive gas which 
is directed in the opposite direction to the reactant flow in the 
first conduit. 

31. The method according to any of claims 1, wherein 
inactive gas is used as a carrier gas for the vaporised Solid 
or liquid reactant. 

32. The method according to claim 31, wherein the 
inactive gas is fed into the gas Space via a fourth conduit. 

33. The method according to any of claims 1, wherein the 
flow of vaporised reagent and optionally inactive gas 
through the first conduit is controlled by valves whose 
regulating means are placed on the outside of the preSSure 
shell. 

34. The method according to claim 19, wherein the second 
container is detachably connected to the first and the fourth 
conduits. 

35. The method according to claim 1, wherein the heating 
means comprise tubular resistive heater elements. 

36. The method according to any of claims 1, wherein the 
heating means are fitted close to the pressure shell. 

37. Reactant Source assembly for generating a gas phase 
reactant flow, comprising: 

a first container having an opening and containing liquid 
or Solid reactant matter; 

a Second container having a gas tight container wall 
enclosing the first container and defining a gas Space 
around the first container, 

at least one first gas nozzle fitted in the container wall of 
the Second container for feeding gas into the gas space; 
and 
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at least one Second gas nozzle fitted in the container wall 
of the Second container for withdrawing reactant vapor 
ized from first container and collected in the gas Space. 

38. The reactant source assembly according to claim 37, 
comprising further at least one valve for controlling gas flow 
through the first gas nozzle into the gas Space and at least one 
Valve for controlling gas flow through the Second gas nozzle 
from the gas Space. 

39. The assembly according to claim 37, wherein the 
container wall of the Second container is made of a metal 
Selected from the group of Stainless Steel, titanium and 
aluminum. 
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40. The assembly according to claims 37, wherein the first 
container is made from glass. 

41. The assembly according to claim 37, wherein the first 
container is made from metal, graphite or ceramic materials, 
Said container having a non-reactive Surface layer. 

42. The assembly according to claim 37, wherein the 
opening of the first container is covered with a mechanical 
filter to remove impurities from gas Vaporised from the 
liquid or Solid matter contained therein. 


