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(57) ABSTRACT 

A film-forming method includes a preprocessing step (step 1) 
wherein the inside of a processing chamber is exposed to a gas 
containing Cl and/or F in a state having no substrate in the 
processing chamber, and a step (step 2) whereina Substrate is 
loaded into the processing chamber after the step 1. Then, in 
a step 3, a gaseous Ge raw material, a gaseous Sb raw mate 
rial, and a gaseous Te raw material are introduced into the 
processing chamber having the Substrate loaded therein, and 
a Ge—Sb Te film formed of GeSbTes is formed on the 
substrate by CVD. 
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FIG. 3 
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METHOD FOR FORMING GE-SB-TE FILM 
AND STORAGEMEDIUM 

FIELD OF THE INVENTION 

0001. The present invention relates to a film forming 
method for forming a Ge—Sb Te film by CVD, and a stor 
age medium storing a program for performing the film form 
ing method. 

BACKGROUND OF THE INVENTION 

0002 Recently, a PRAM (Phase-change Random Access 
Memory) which stores information by using a phase-change 
film attracts attention as a high-speed and long-life nonvola 
tile memory. The phase-change film is made of a material that 
changes its phase to an amorphous state having a high resis 
tivity when it is heated at a high temperature (e.g., about 600° 
C. or above) and rapidly cooled, and to a crystalline state 
having a normal resistivity when it is heated at a low tempera 
ture (e.g., about 400° C. or above) and slowly cooled. The 
PRAM stores data by using the resistance difference between 
the two phases. The phase change is realized by controlling an 
amplitude of a current pulse. In other words, the phase is 
changed to the amorphous phase by applying a large current 
pulse and to the crystalline State by applying a small current 
pulse. 
0003. As for the material of the phase-change film used for 
the PRAM, GeSbTes, a Ge—Sb Te film, is used (e.g., 
Japanese Patent Application Publication No. 2008-103731). 
The Ge—Sb Te film is generally formed by PVD such as 
sputtering or the like. Since, however, PVDyields insufficient 
step coverage, attempts have been made to apply CVD which 
provides good step coverage for film formation. 
0004. When the Ge-Sb Te film is formed by CVD by 
using a Ge compound, a Sb compound and a Te compound as 
a film forming raw material, it has been found that Smooth 
ness of a film surface is deteriorated. 

SUMMARY OF THE INVENTION 

0005. In view of the above, the present invention provides 
a film forming method capable of forming a Ge—Sb Tefilm 
having high smoothness by CVD. 
0006. The present invention also provides a storage 
medium storing a program for performing Such the film form 
ing method. 
0007. The present inventors have found that when a 
Ge—Sb Te film formed of a GeSbTes is formed by CVD 
by using a gaseous Ge raw material, a gaseous Sb raw mate 
rial and a gaseous Te raw material, the film has poor Surface 
Smoothness due to a sparse distribution of coarse crystal 
grains having a strong crystal habit. However, the present 
inventors have also found that the Smoothness is improved 
when a Ge—Sb Te film is formed after cleaning using ClF 
is performed in the processing chamber. As a result of further 
examination, the present inventors have concluded that a film 
having high Smoothness and dense distribution of compara 
tively small crystal grains can be formed by performing the 
steps of exposing the inside of the processing chamber to a 
gas containing at least one of Cland F; loading a substrate into 
the processing chamber; and introducing a gaseous Ge raw 
material, a gaseous Sb raw material and a gaseous Te raw 
material. This is because the reaction between the raw mate 
rials and at least one of C1 and F causes generation of active 
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chloride or fluoride having a high vapor pressure, and this 
facilitates the formation of initial nucleus. 
0008. In accordance with one aspect of the present inven 
tion, there is provided a film forming method including: 
exposing the inside of a processing chamber to a gas contain 
ing at least one of C1 and F before loading a substrate into the 
processing chamber, loading a Substrate into the processing 
chamber; and introducing a gaseous Ge raw material, a gas 
eous Sb raw material and a gaseous Te raw material into the 
processing chamber where the Substrate is loaded and form 
ing a Ge Sb Tefilm formed of GeSbTes on the substrate 
by CVD. 
0009. In accordance with another aspect of the present 
invention, there is provided a storage medium storing a pro 
gram for controlling a film forming apparatus, wherein the 
program, when executed on a computer, controls the film 
forming apparatus to perform a film forming method of a 
Ge—Sb Te film which includes: exposing the inside of a 
processing chamber to a gas containing at least one of Cland 
F before loading a substrate into processing chamber, loading 
a Substrate into the processing chamber, and introducing a 
gaseous Ge raw material, a gaseous Sb raw material and a 
gaseous Te raw material into the processing chamber where 
the substrate is loaded and forming a Ge—Sb Te film 
formed of GeSbTes on the substrate by CVD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a cross sectional view showing a schematic 
configuration of a film forming apparatus which can be used 
to perform a Ge—Sb Te film forming method of the present 
invention. 
0011 FIG. 2 is a schematic diagram showing a multi 
chamber type processing system including a plurality of film 
forming apparatuses of FIG. 1. 
0012 FIG. 3 is a flowchart for explaining a film forming 
method of the present invention. 
0013 FIG. 4 is a scanning electron microscope image 
showing a film surface state obtained from Test 1. 
0014 FIG. 5 is a scanning electron microscope image 
showing a film surface state obtained from Test 2. 
0015 FIG. 6 is a scanning electron microscope image 
showing a film surface state obtained from Test 3. 
0016 FIG. 7 is a scanning electron microscope image 
showing a film surface state obtained from Test 4. 
0017 FIG. 8 is a scanning electron microscope image 
showing a film surface state obtained from Test 5. 
0018 FIG. 9 is a scanning electron microscope image 
showing a film surface state obtained from Test 6. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0019 Hereinafter, an embodiment of the present invention 
will be described with reference to the accompanying draw 
ings. 
0020. Here, the case in which a Ge-Sb Te film is 
formed, as a phase-change film of a PRAM, on a semicon 
ductor wafer will be described. 
0021 FIG. 1 is a cross sectional view showing a schematic 
configuration of a film forming apparatus which can be used 
to perform a Ge—Sb Te film forming method of the present 
invention. A film forming apparatus 100 shown in FIG. 1 
includes a cylindrical or a box-shaped processing chamber 1 
made of, e.g., aluminum or the like. Provided in the process 
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ing chamber 1 is a mounting table 3 for mounting thereon a 
semiconductor wafer (hereinafter, simply referred to as a 
“wafer')Was a substrate to be processed. The mounting table 
3 having a thickness of about 1 mm is made of a carbon 
material Such as a graphite plate or a graphite plate covered 
with SiC., and a ceramic having high thermal conductivity 
Such as aluminum nitride or the like. 
0022. A cylindrical partition wall 13 made of, e.g., alumi 
num, stands on a bottom portion of the processing chamber 1 
at an outer peripheral side of the mounting table 3. A bent 
portion 14 is formed by horizontally bending an upperportion 
of the partition wall 13 in an L shape, for example. By install 
ing the cylindrical partition wall 13, an inert gas purge area 15 
is formed at a backside of the mounting table 3. A top surface 
of the bent portion 14 is positioned substantially on the same 
plane as a top surface of the mounting table 3, and is spaced 
apart from the outer periphery of the mounting table 3 with 
connection rods 12 inserted therebetween. The mounting 
table 3 is supported by three support arms 4 (only two being 
shown) extending from an upper inner wall of the partition 
wall 13. 
0023. A plurality of, e.g., three, L-shaped lifter pins 5 
(only two being shown) is provided under the mounting table 
So as to protrude upward from the ring-shaped Support mem 
ber 6. The support member 6 can be raised or lowered by an 
elevation rod 7 passing through the bottom portion of the 
processing chamber 1, and the elevation rod 7 is vertically 
moved by an actuator 10 positioned below the processing 
chamber 1. Through holes 8 are formed at portions of the 
mounting table 3 which correspond to the lifter pins 5. When 
the lifter pins 5 are raised by the actuator 10 through the 
elevation rod 7 and the support member 6, the lifter pins 5 are 
inserted into the respective through holes 8 to thereby lift the 
wafer W. The portion of the processing chamber 1 into which 
the elevation rod 7 is inserted is covered with a bellows 9 to 
prevent air from entering the processing chamber 1 through 
this portion. 
0024. A clamp ring member 11 made of ceramic, e.g., 
aluminum nitride or the like, and having a Substantially ring 
shape conforming to a peripheral shape of the wafer W is 
provided at a peripheral portion of the mounting table 3 so as 
to hold and fix the peripheral portion of the wafer W onto the 
mounting table 3. The clamp ring member 11 is connected to 
the Support member 6 via the connection rods 12, and thus can 
be moved up and down together with the lifter pins 5. The 
lifter pins 5, the connection rods 12 and the like are made of 
ceramic Such as alumina or the like. 
0025. A plurality of contact protrusions 16 is formed at a 
bottom backside surface of an inner peripheral side of the 
clamp ring member 11 while being spaced from each other at 
a Substantially regular interval in a circumferential direction 
of the clamp ring member 11. When the wafer W is clamped, 
bottom Surfaces of the contact protrusions 16 come into con 
tact with the top surface of the peripheral portion of the wafer 
W to thereby press the wafer W. Further, each of the contact 
protrusions 16 has a diameter of about 1 mm and a height of 
about 50 um, so that a first gas purge gap 17 having a ring 
shape is formed at this portion when the wafer W is clamped. 
Moreover, an overlapping amount (a passage length of the 
first gas purge gap 17) between the peripheral portion of the 
wafer W and the inner periphery of the clamp ring 11 during 
clamping is several millimeters (mm). 
0026. An outer peripheral portion of the clamp ring mem 
ber 11 is arranged above the upper bent portion 14 of the 
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partition wall 13, and a second gas purge gap 18 having a ring 
shape is formed therebetween. The width (height) of the 
second gas purge gap 18 is about 500 um, which is about ten 
times larger than the width of the first gas purge gap 17. An 
overlapping amount between the outer peripheral portion of 
the clamp ring member 11 and the bent portion 14 (a passage 
length of the second gas purge gap 18) is, e.g., about 10 mm. 
Accordingly, inert gases in the inert gas purge area 15 can be 
discharged through both gaps 17 and 18 into a processing 
Space. 

0027. An inert gas supply mechanism 19 for supplying an 
inert gas to the inert gas purge area 15 is provided at the 
bottom portion of the processing chamber 1. The inert gas 
supply mechanism 19 includes: a gas nozzle 20 for introduc 
ing an inert gas, e.g., Argas (backside Ar), into the inert gas 
purge area 15; an Argas Supply source 21 for Supplying Argas 
as the inert gas; and a gas line 22 for feeding Argas from the 
Argas Supply source 21 to the gas nozzle 20. Further, the gas 
line 22 is provided with a mass flow controller 23 serving as 
a flow rate controller, and opening/closing valves 24 and 25. 
Instead of Argas, a rare gas such as He gas or the like may be 
used as the inert gas. 
0028. A transmission window 30 made of a heat ray trans 
mission material Such as quartz or the like is airtightly pro 
vided directly below the mounting table 3 at the bottom 
portion of the processing chamber 1, and a box-shaped heat 
ing chamber 31 is arranged therebelow so as to surround the 
transmission window 30. The heating chamber 31 has therein 
a plurality of heating lamps 32 serving as a heating unit, 
which are installed on a rotatable table 33 serving as a reflec 
tive mirror as well. The rotatable table 33 is rotated by a 
rotating motor 34 provided at a bottom portion of the heating 
chamber 31 through a rotation axis. Accordingly, heat rays 
emitted from the heating lamps 32 are irradiated to the back 
side of the mounting table 3 through the transmission window 
30, thereby heating the mounting table 3. 
0029. Furthermore, a gas exhaust port 36 is provided at a 
peripheral portion of the bottom portion of the processing 
chamber 1. The gas exhaust port 36 is connected to a gas 
exhaust line37 connected to a vacuum pump (not shown). By 
exhausting gases through the gas exhaust port 36 and the gas 
exhaust line37, a pressure in the processing chamber 1 can be 
maintained at a predetermined vacuum level. Formed at a 
sidewall of the processing chamber 1 are a loading/unloading 
port 39 for loading and unloading a wafer W and a gate valve 
38 for opening and closing the loading/unloading port 39. 
Besides, the processing chamber 1 is connected to a transfer 
chamber of a processing system to be described later via the 
gate valve G. 
0030. Meanwhile, a showerhead 40 for supplying a source 
gas or the like into the processing chamber 1 is provided at a 
ceiling portion of the processing chamber 1 which faces the 
mounting table 3. The shower head 40 includes a disc-shaped 
showerhead main body 41 which is made of e.g., aluminum, 
and has a space 41a therein. A gas inlet port 42 is provided at 
a ceiling portion of the shower head main body 41. The gas 
inlet port 42 is connected, through a line 51, to a processing 
gas Supply mechanism 50 for Supplying processing gases 
required to form a Ge—Sb Te-based film. A plurality of gas 
injection holes 43 for injecting the gas Supplied into the 
shower head main body 41 to the processing space provided 
in the processing chamber 1 is formed over the entire surface 
of the bottom portion of the shower head main body 41, so 
that the gas is injected onto the entire surface of the wafer W. 
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Further, a diffusion plate 44 having a plurality of gas distri 
bution holes 45 is disposed in the space 41a of the shower 
head main body 41, so that the gas can be more uniformly 
supplied to the surface of the wafer W. Moreover, cartridge 
heaters 46 and 47 for temperature control are installed in the 
sidewall of the processing chamber 1, the sidewall of the 
shower head 40 and the wafer facing surface of the shower 
head 40 where the gas injection holes 43 are provided, so that 
the sidewall of the processing chamber 1 and portions of the 
shower head which contact with the gas can be maintained at 
a predetermined temperature. 
0031. The processing gas supply mechanism 50 includes a 
Te raw material reservoir 52 for storing a Te raw material, an 
Sb raw material reservoir 53 for storing an Sb raw material, a 
Ge raw material reservoir 54 for storing a Ge raw material, a 
dilute gas Supply source 55 for Supplying a dilute gas, e.g., Ar 
gas, for diluting the gas in the processing chamber 1, and a 
preprocessing gas Supply source 78 for Supplying a prepro 
cessing gas for performing preprocessing. In addition, the 
processing gas Supply mechanism 50 may be configured to 
Supply NH gas and H gas as additional gases for improving 
a film quality. 
0032. The line 51 connected to the shower head 40 is 
connected to a line 56 extending from the Te raw material 
reservoir 52, a line 57 extending from the Sb raw material 
reservoir 53, a line 58 extending from the Ge raw material 
reservoir 54, and a line 81 extending from the preprocessing 
gas supply source 78. The line 51 is also connected to the 
dilute gas supply source 55. The line 51 is provided with a 
mass flow controller (MFC) 60 serving as a flow rate control 
ler, and valves 61 and 62 disposed at an upstream and a 
downstream side thereof. Further, the line 58 is provided with 
a mass flow controller (MFC) 63 serving as a flow rate con 
troller and valves 64 and 65 located at an upstream and a 
downstream side thereof. Furthermore, the line 81 is provided 
with a mass flow controller (MFC) 82 serving as a flow rate 
controller and valves 83 and 84 located at an upstream and a 
downstream side thereof. 

0033. The Teraw material reservoir 52 is connected via the 
line 67 to a carrier gas Supply source 66 for Supplying a carrier 
gas for bubbling, e.g., Ar gas or the like. The line 67 is 
provided with a mass flow controller (MFC) 68 serving as a 
flow rate controller, and valves 69 and 70 located at an 
upstream and a downstream side thereof. Moreover, the Sb 
raw material reservoir 53 is connected via the line 72 to a 
carrier gas Supply source 71 for Supplying a carrier gas Such 
as Argas or the like. The line 72 is provided with a mass flow 
controller (MFC) 73 serving as a flow rate controller, and 
valves 74 and 75 located at an upstream and a downstream 
side thereof. The Te raw material reservoir 52 and the Sb raw 
material reservoir 53 are provided with heaters 76 and 77, 
respectively. Besides, the Te raw material stored in the Te raw 
material reservoir 52 and the Sb raw material stored in the Sb 
raw material reservoir 53 are supplied to the processing 
chamber 1 through bubbling while being heated by the heat 
ers 76 and 77. Further, the Ge raw material stored in the Ge 
raw material reservoir 54 is Supplied to the processing cham 
ber 1 at a flow rate controlled by the mass flow controller 
(MFC) 63. Although it is not shown, mass flow controllers or 
lines for supplying the Geraw material, the Sr raw material or 
the Ti raw material in a vaporized state to the processing 
chamber 1 are also provided with heaters. 
0034. The present embodiment has described an example 
in which the Ge raw material is Supplied through the mass 
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flow controller and the Sb raw material and the Te raw mate 
rial are supplied by bubbling. However, the Ge raw material 
may be supplied by bubbling, and the Sb raw material and the 
Te raw material may be supplied through the mass flow con 
trollers. Besides, a liquid raw material having a flow rate 
controlled by a liquid mass flow controller may be vaporized 
by a vaporizer and Supplied in a gaseous state. 
0035. As for the Geraw material, the Sb raw material and 
the Te raw material, a compound that can be supplied in a 
gaseous state can be used. A compound having a high vapor 
pressure is preferably used because it is easily vaporized. A 
compound having an alkyl group can be preferably used due 
to its high vapor pressure and low cost. However, Such com 
pound is not limited to a compound having an alkyl group. 
0036. The Ge raw material having an alkyl group may be 
methyl germanium Ge(CH-)H, tertiary butyl germanium 
Ge(OCH)C)H, tetra methyl germanium Ge(CH), tetra 
ethyl germanium Ge(CHs), tetra dimethylamino germa 
nium(Ge((CH)N), or the like. The Sb raw material having 
an alkyl group may be triisopropyl antimony Sb(i-CH-). 
trimethyl antimony Sb(CH), trisdimethyl amino anti 
mony Sb((CH)N), or the like. The Teraw material having 
an alkyl group may be diisopropyl tellurium Te(t-CH-). 
ditertiary butyl tellurium Te(t-CH), diethyl tellurium Te 
(CHS), or the like. 
0037. The preprocessing gas supplied from the prepro 
cessing gas Supply source 78 is used to preprocess, before the 
formation of a Ge—Sb Te film, the inside of the processing 
chamber 1 having no wafer W therein. As for the preprocess 
ing gas, a gas containing at least one of C1 and F is used. The 
gas containing at least one of C1 and F may be ClF gas, F. 
gas, Clgas or the like. The flow rate of such gas is preferably 
in a range from about 200 mL/min (sccm) to 1000 mL/min 
(Scem), or the partial pressure thereof is preferably in a range 
from about 133 Pa to 399 Pa. When CIF gas is used as the 
preprocessing gas, it can also serve as a cleaning gas for 
cleaning the inside of the processing chamber 1. In addition to 
the gas containing at least one of Cland F, an inert gas such as 
dilute Argas or the like can be Supplied as the preprocessing 
gaS. 

0038. Formed at an upper sidewall of the processing 
chamber 1 is a cleaning gas inlet port 85 for introducing NF 
gas as a cleaning gas. The cleaning gas inlet port 85 is con 
nected to a line 86 for supplying NF gas. The line 86 is 
provided with a remote plasma generator 87. The NF gas 
supplied through the line 86 is turned into a plasma in the 
remote plasma generator 87 and Supplied into the process 
chamber 1, thereby cleaning the processing chamber 1. More 
over, the remote plasma generator 87 may be provided 
directly above the shower head 40 so that a cleaning gas can 
be supplied through the shower head 40. Besides, F may be 
used instead of NF, and plasma-less thermal cleaning using 
CIF or the like may be performed without using a remote 
plasma. The actual process for forming a Ge-Sb Te film is 
performed by a multi-chamber type processing system 
including a plurality of film forming apparatuses 100 and a 
mechanism for transferring a wafer W. Hereinafter, this pro 
cessing system will be described. FIG. 2 is a schematic dia 
gram showing a processing system 200 including a plurality 
of film forming apparatuses 100. 
0039. The processing system 200 includes four film form 
ing apparatuses 100. The processing chambers 1 of the film 
forming apparatuses 100 are connected to a transfer chamber 
105 maintained in a vacuum state via gate valves G. Further, 
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load-lock chambers 106 and 107 are connected to the transfer 
chamber 105 via gate valves G. A loading/unloading chamber 
108 in an atmospheric atmosphere is disposed at the side of 
the load-lock chambers 106 and 107 which is opposite to the 
side where the transfer chamber 105 is provided. Three carrier 
attachment ports 109, 110 and 111 to which carriers C 
capable of accommodating therein wafers Ware attached are 
provided at the side of the loading/unloading chamber 108 
which is opposite to the side where the load-lock chambers 
106 and 107 are connected. 

0040 Provided in the transfer chamber 105 is a transfer 
device 112 for loading and unloading wafers Winto and from 
the processing chambers 1 of the four film forming appara 
tuses 100 and the two load-lock chambers 106 and 107. The 
transfer device 112 is provided substantially at the center of 
the transfer chamber 105, and has at a leading end of a 
rotatable and extensible/contractible portion two support 
arms 114a and 114b for supporting wafers W. The two sup 
port arms 114a and 114b are attached to the rotation and 
extensible/contractible portion 113 so as to face in opposite 
directions. 

0041) Provided in the loading/unloading chamber 108 is a 
transfer device 116 for loading and unloading wafers W into 
and from the carriers C and the load-lock chambers 106 and 
107. The transfer device 116 has a multi-joint arm structure, 
and can move on a rail 118 along the arrangement direction of 
the carriers C. The transfer device 116 transfers wafers W 
mounted on the support arm 117 provided at the leading end 
thereof. 

0042. The processing system 200 includes a control unit 
120. The control unit 120 has a process controller 121 pro 
vided with a micro processor, a user interface 122 and a 
storage unit 123. The components of the processing system 
200 are electrically connected to and controlled by the pro 
cess controller 121. For example, the actuator 10, the lamp 32, 
the rotation motor 34, the valves, the mass flow controllers 
and the like of the film forming apparatus 100 are controlled 
by the process controller 121. 
0043. The process controller 121 is connected to the user 
interface 122 including a keyboard through which an operator 
inputs commands for managing the processing system 200 
and a display for visually displaying operation states of the 
plasma processing apparatuses. 
0044) The process controller 121 is connected to the stor 
age unit 123 storing therein control programs to be used in 
realizing various processes performed by the processing sys 
tem 200 under the control of the process controller 121, or 
programs, i.e., recipes to be used in performing a process in 
each component of the processing system 200 under process 
ing conditions. The recipes are stored in a storage medium of 
the storage unit 123. The storage medium may be a fixed 
device such as a hard disk or the like, or a portable device such 
as a CD-ROM, a DVD, a flash memory or the like. Besides, 
the recipes may be properly transmitted from other devices 
via, e.g., a dedicated line. 
0045. If necessary, any one of the recipes is read out from 
the storage unit 123 in accordance with an instruction input 
ted from the user interface 122 and executed by the process 
controller 121. Accordingly, processes in the processing sys 
tem 200, i.e., a wafer transfer process and a Ge—Sb Te film 
forming process in film forming apparatus 100, are performed 
under the control of the process controller 121. 
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0046. Hereinafter, the film forming method of the present 
embodiment will be described with reference to the flowchart 
shown in FIG. 3. 

0047. A wafer W is loaded into any one of the load-lock 
chambers 106 and 107 from a carrier C by the transfer device 
116 of the loading/unloading chamber 108. The correspond 
ing load-lock chamber is set in a standby State after vacuum 
evacuation. Next, a film forming process is started. 
0048 First, before the wafer W is loaded, a preprocessing 
gas is introduced from the preprocessing gas Supply source 78 
into a processing chamber 1 of a film forming apparatus 100 
which will process the wafer W. and the preprocessing is 
performed by exposing the inside of the processing chamber 
1 (step 1) to the preprocessing gas. As for the preprocessing 
gas, a gas containing at least one of Cland F, e.g., ClF gas, F2 
gas, or Clgas is used. As a result of this step, the preprocess 
ing gas exists in the processing chamber 1. The temperature of 
the preprocessing step may be set to a proper level in accor 
dance with types of preprocessing gases. Preferably, it is setto 
be within a range from about 250° C. to 450° C. In order to 
increase a processing throughput, it is preferably set to the 
same temperature as the temperature of the film forming 
process, or to a temperature different from the temperature of 
the film forming process by no more than about 50° C. 
0049. While the preprocessing of the step 1 is being per 
formed, the wafer W to be subjected to film formation may be 
in a standby state in the load lock chamber 106 or 107 main 
tained in a vacuums state. Or, the wafer W may be taken from 
the load-lock chamber 106 or 107 by the supportarm114a or 
114b of the transfer device 112 and set in a standby state on 
the support arm 114a or 114b. 
0050. Next, the gate valve G of the processing chamber 1 
that has been subjected to the preprocessing is opened, and 
the wafer W in the standby state is loaded into the processing 
chamber 1 through the loading/unloading port 39 by the 
transfer device 112 of the transfer chamber 105 and mounted 
on the mounting table 3 (step 2). 
0051. Then, the gate valve G is closed, and the processing 
chamber 1 is exhausted to a predetermined vacuum level. The 
wafer W is heated by the mounting table 3 that has been 
heated by heat rays emitted from the heating lamp 32 and 
transmitted through the transmission plate 30. In that state, 
the Ge raw material gas, the Sb raw material gas and the Te 
raw material gas are Supplied at predetermined flow rates, and 
a Ge—Sb Te film is formed on the wafer W (step 3). 
0052. In this step, first, the dilute gas, e.g., Ar gas, is 
Supplied at a flow rate ranging from about 100 mL/sec (Scem) 
to 500 mL/sec (sccm) from the dilute gas supply source 55, 
and the processing chamber 1 is exhausted by a vacuum pump 
(not shown) through the gas exhaust port 36 and the gas 
exhaust line 37. Accordingly, the pressure in the processing 
chamber 1 is controlled to fall within a range from about 60 Pa 
to 1330 Pa. At this time, the heating temperature of the wafer 
W is set to be within a range from, e.g., about 200° C. to 500 
C, and preferably set to range from about 300° C. to 400° C. 
0053. Then, the actual film formation is carried out while 
controlling the pressure in the processing chamber 1 to be 
maintained at a film forming pressure ranging from about 60 
Pa to 6650 Pa and the flow rate of the dilute gas, e.g., Argas, 
to range from about 200 mL/sec (sccm) to 1000 mL/sec 
(Scem). The pressure in the processing chamber 1 is con 
trolled by an automatic pressure controller (APC) (not 
shown) provided on the gas exhaust line 37. 
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0054. In that state, the Sb raw material gas is introduced 
into the processing chamber 1 from the Sb raw material 
reservoir 53 by having a carrier gas supplied thereto at a 
predetermined flow rate to bubble therein. In the same man 
ner, the Te raw material gas is introduced into the processing 
chamber 1 from the Te raw material reservoir 52 by having a 
carrier gas supplied thereto at a predetermined flow rate to 
bubble therein. Further, a Ge raw material gas is introduced 
into the processing chamber 1 from the Ge raw material 
reservoir 54 at a predetermined flow rate controlled by the 
mass flow controller (MFC) 63. Hence, a Ge-Sb Te film 
having a composition ratio of GeSb-Tes is obtained. At this 
time, the gas flow rates (N equivalent) of the Geraw material 
gas, the Sb raw material gas (carrier Argas supplied into Sb 
raw material reservoir) and the Te raw material gas (carrier Ar 
gas supplied into Te raw material reservoir) are set to, e.g., 
about 550 mL/min (sccm), 20 mL/min (sccm), and 50 
mL/min (sccm), respectively. In that case, the Ge-Sb Te 
film may beformed by supplying the Ge raw material gas, the 
Sb raw material gas and the Te raw material gas simulta 
neously. Or, the Ge-Sb Te film may be formed by supply 
ing the Ge raw material gas, the Sb raw material gas and the 
Teraw material gas alternately. Meanwhile, the Geraw mate 
rial gas flow rate (N equivalent) is a value obtained by mea 
suring a Ge gas flow rate by using a mass flow controller 
corrected for an N gas. 
0055 While the film forming process of the step 3 is being 
performed, the gas containing at least one of Cland F exists in 
the processing chamber 1 by means of the preprocessing of 
the step 1. Hence, when the Ge raw material gas, the Sb raw 
material gas and the Te raw material gas are introduced into 
the processing chamber 1, they react with C1 and F, thereby 
generating active chloride and/or fluoridehaving a high vapor 
pressure. This facilitates the formation of initial nucleus and, 
accordingly, a continuous film having high smoothness and 
dense distribution of comparatively small crystal grains is 
obtained. 
0056. Upon completion of the film forming process of the 
step 3, the supply of the raw materials is stopped, and the 
processing chamber 1 is purged by a dilute gas. Next, the gate 
valve G is opened, and the wafer Wafter the film formation is 
unloaded from the processing chamber 1 by the transfer 
device 112 (step 4). Then, the unloaded wafer W is loaded into 
any one of the load-lock chambers 106 and 107, and the 
pressure in the load-lock chamber into which the wafer W has 
been loaded is returned to an atmospheric pressure. Thereaf 
ter, the wafer W is accommodated in the carrier C by the 
transfer device 11. In this manner, the film forming process 
for a single wafer is completed. Such processing is continu 
ously performed on a plurality of wafers W in the carrier C. 
0057. In accordance with the present embodiment, when a 
Ge-Sb Te-based film is formed by CVD, the inside of the 
processing chamber 1 is exposed to a gas containing at least 
one of Cland F in a state where a wafer Was a substrate to be 
processed is not loaded into the processing chamber 1. Then, 
the wafer W is loaded thereinto, and the gaseous Ge raw 
material, the gaseous Sb raw material and the gaseous Te raw 
material are introduced into the processing chamber 1. These 
raw materials react with Cl and F, thereby generating active 
chloride and/or fluoride having a high vapor pressure. There 
fore, the formation of initial nucleus is facilitated, and a 
Ge—Sb Te film having a high smoothness can be obtained. 
0058. Hereinafter, test results of actual Ge-Sb Te film 
formation will be described. 
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0059) <Test 1> 
0060. In the film forming apparatus of FIG. 1, a tempera 
ture of a wall of the processing chamber was set to about 160° 
C. by a cartridge heater, and a temperature of the mounting 
table was set to about 360° C. by controlling a lamp power. 
Further, a circular plate-shaped wafer having a diameter of 
about 200 mm was loaded into the processing chamber by 
using the support arm of the transfer device, and a Ge-Sb 
Te film was formed under the following conditions. More 
over, tertiary butyl germanium, triisopropyl antimony, diiso 
propyl tellurium were used as the Geraw material, the Sb raw 
material and the Te raw material, respectively. The tertiary 
butyl germanium was supplied to the processing chamber at a 
vapor flow rate directly controlled by a mass flow controller 
installed at a rear end of a raw material container maintained 
at a room temperature. The triisopropyl antimony was Sup 
plied to the processing chamber through bubbling method in 
which Argas supplied at a controlled flow rate as a carrier gas 
to the raw material container maintained at about 50° C. was 
made to bubble through the container. The diisopropyl tellu 
rium was supplied to the processing chamber through bub 
bling method in which Argas supplied at a controlled flow 
rate as a carrier gas to the raw material container maintained 
at about 35°C. was made to bubble through the container. The 
mass flow controllers and the lines extending from the raw 
material containers to the processing chamber were main 
tained at about 160° C. by heaters. 
0061 Hereinafter, the film forming conditions of the 
Ge-Sb Te film in Test 1 will be described. 
0062 Temperature of mounting table: 360° C. 
0063 Pressure in processing chamber: 665 Pa 
0064 Flow rate of Ge raw material: 550 mL/min (sccm) 
(N equivalent) 
0065 Flow rate of Te raw material gas (carrier Argas 
supplied into Te raw material reservoir): 50 mL/min (sccm) 
0.066 Flow rate of Sb raw material gas (carrier Argas 
supplied into Sb raw material reservoir): 20 mL/min (sccm) 
0067. Flow rate of dilute Argas: 100 mL/min (sccm) 
0068 Flow rate of backside Argas: 200 mL/min (sccm) 
0069. Film formation time: 90 sec 
(0070 A film composition ratio, i.e., a Ge/Sb/Teratio, mea 
sured by X-ray fluorescent analysis (XRF) was about 22/26/ 
53 (at %), and an XRF equivalent thickness of the Ge-Sb 
Te film was measured to be about 151 nm. As shown in the 
surface texture in the scanning electron microscope (SEM) 
images of FIG.4, the Ge-Sb Tefilm had poor smoothness 
due to sparse distribution of crystal grains having a strong 
crystal habit. 
(0071 <Test 2> 
0072 Before a Si wafer as a wafer W was loaded into the 
processing chamber, the preprocessing was performed by 
exposing the inside of the processing chamber to the prepro 
cessing gas under the following conditions by using the same 
apparatus as that used in Test 1. Thereafter, a Ge-Sb Te 
film was formed as in Test 1. 
(0073. The preprocessing conditions are described as fol 
lows. 
(0074 Temperature of mounting table: 300° C. 
(0075 Pressure in processing chamber: 612 Pa 
(0076 (Flow Rate of Preprocessing Gas) 
(0077. Flow rate of CIF gas: 400 mL/min (sccm) 
0078 Flow rate of Argas (dilute gas): 400 mL/min (sccm) 
0079 Processing time: 1800sec 
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0080 A film composition ratio, i.e., a Ge/Sb/Teratio, mea 
sured by X-ray fluorescent analysis (XRF) was about 19/26/ 
55 (at %), and an XRF equivalent thickness of the Ge—Sb 
Te film was measured to be about 196 nm. As shown in the 
Surface texture in the scanning electron microscope (SEM) 
images of FIG. 5, the Ge—Sb Te film had good smooth 
CSS. 

0081 <Test 3> 
0082 Before a SiO, wafer as a wafer W was loaded into 
the processing chamber, the preprocessing was performed by 
exposing the inside of the processing chamber to the prepro 
cessing gas under the following conditions. Thereafter, a 
Ge—Sb Te film was formed as in Test 1. 
0083. The preprocessing conditions are described as fol 
lows. 
I0084) Temperature of mounting table: 360° C. 
I0085 Pressure in processing chamber: 665 Pa 
I0086 (Flow Rate of Preprocessing Gas) 
I0087. Flow rate of CIF gas: 400 mL/min (sccm) 
0088 Flow rate of Argas (dilute gas): 600 mL/min (sccm) 
I0089. Processing time: 600 sec 
0090. A film composition ratio, i.e., a Ge/Sb/Teratio, mea 
sured by X-ray fluorescent analysis (XRF) was about 20/26/ 
54 (at %), and an XRF equivalent thickness of the Ge—Sb 
Tefilm was measured to be about 197 nm. The surface texture 
of the formed film is shown in FIG. 6, and the formed film had 
good smoothness same as that shown in FIG. 5. In Test 3, the 
processing throughput was able to be increased because the 
temperature of the preprocessing was set to be the same 
temperature as the temperature of the film forming process. 
0091 <Test 4-> 
0092. As in Test 3, beforea SiO, wafer was loaded into the 
processing chamber, the preprocessing was performed by 
exposing the inside of the processing chamber to the prepro 
cessing gas under the same conditions as those of Test 3 
except that the processing time was set to about 60 sec. 
Thereafter, a Ge—Sb Te film was formed as in Test 1. 
0093. A film composition ratio, i.e., a Ge/Sb/Teratio, mea 
sured by X-ray fluorescent analysis (XRF) was about 26/23/ 
52 (ata), and an XRF equivalent thickness of the Ge—Sb Te 
film was measured to be about 111 nm. As shown in the 
Surface texture in the scanning electron microscope (SEM) 
images of FIG. 7, the formed film had poor smoothness com 
pared to that of the formed film in Test3. From this, it is clear 
that the continuity of the film is improved as the preprocess 
ing time is increased, and this results in improvement of the 
Smoothness and increase of the deposition rate of the film. 
0094. Then, the effect obtained by changing the type of the 
substrate to be processed (Si wafer and SiO, wafer) was 
examined. 
0095 <Test 5> 
0096. Before a Si wafer was loaded into the processing 
chamber, the preprocessing was performed by exposing the 
inside of the processing chamber to a preprocessing gas under 
the same conditions as those of Test 3 except that the flow rate 
of ClF gas was set to about 200 sccm. Next, a Ge—Sb Te 
film was formed under the same film forming conditions as 
those of Test 1. 
0097. A film composition ratio, i.e., a Ge/Sb/Teratio, mea 
sured by X-ray fluorescent analysis (XRF) was about 22/25/ 
53 (at %), and an XRF equivalent thickness of the Ge—Sb 
Te film was measured to be about 181 nm. At this time, the 
Surface texture shown in the scanning electron microscope 
(SEM) images of FIG.8 was obtained. 
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0.098 <Test 6> 
0099. A Ge Sb Te film was formed under the same 
conditions (preprocessing conditions and film forming con 
ditions) as those of Test 5 except that a SiO, wafer was used 
as a Substrate to be processed loaded into the processing 
chamber. 
0100. A film composition ratio, i.e., a Ge/Sb/Teratio, mea 
sured by X-ray fluorescent analysis (XRF) was about 20/26/ 
54 (at %), and an XRF equivalent thickness of the Ge—Sb 
Te film was measured to be about 163 nm. At this time, the 
surface texture shown in FIG.9 was obtained. 
0101 The results of Tests 5 and 6 show that even when the 
processing chamber is processed under the same preprocess 
ing conditions, the continuity of the film formed on the sub 
strate is improved and the deposition rate of the film is 
increased in the case of the Si wafer compared to the case of 
the SiO, wafer. 
0102 The results of Tests 3 and 6 performed under the 
same conditions except for the CIF gas flow rate in the 
preprocessing step (test 3: CIF gas flow rate of about 400 
sccm/partial pressure of about 266 Pa) (test 6: ClF gas flow 
rate of about 200 sccm/partial pressure of about 166 Pa) show 
that the continuity of the film is improved and the deposition 
rate of the film is increased when the CIF partial pressure is 
higher. 
0103) The present invention can be variously modified 
without being limited to the above-described embodiments. 
For example, in the above-described embodiments, the pre 
processing is performed before the substrate is loaded into the 
processing chamber. However, the preprocessing may be per 
formed after the Substrate is loaded into the processing cham 
ber, so that the preprocessing of the chamber and the prepro 
cessing of the Substrate can be performed simultaneously. At 
this time, if the preprocessing of the substrate needs to be 
performed at a temperature lower than a temperature of the 
preprocessing of the processing chamber, the lifter pins are 
controlled to lift the substrate from the mounting table. In this 
case, the Substrate can be maintained at a temperature lower 
by an amount ranging from about 50° C. to 100° C. than a 
temperature of the mounting table by setting the processing 
pressure to a level lower than or equal to about 266 Pa and 
preferably lower than or equal to about 133 Pa. 
0104 Besides, in the above-described film forming appa 
ratus, the substrate is heated by the lamp, for example. How 
ever, the substrate may be heated by a resistance heater. In 
addition, the above-described embodiments have described 
the example in which the multi-chamber type processing 
system has four film forming apparatuses. However, the num 
ber of the film forming apparatuses is not particularly limited, 
and a single film forming apparatus may be used. Further, the 
above-described embodiments have described the example in 
which a Ge—Sb Te film is applied to a phase-change film of 
a PRAM. However, it can also be applied to another film such 
as a recording layer of a phase-change type optical recording 
medium. Thus, the Substrate is not limited to a semiconductor 
Substrate, and it is possible to use various Substrates such as a 
glass Substrate, a resin Substrate and the like. 

What is claimed is: 
1. A film forming method comprising: 
exposing the inside of a processing chamber to a gas con 

taining at least one of C1 and F before loading a substrate 
into the processing chamber; 
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loading a substrate into the processing chamber, and 
introducing a gaseous Ge raw material, a gaseous Sb raw 

material and a gaseous Te raw material into the process 
ing chamber where the Substrate is loaded and forming a 
Ge—Sb Te film formed of GeSbTes on the substrate 
by CVD. 

2. The film forming method of claim 1, wherein when the 
inside of the processing chamber is exposed to the gas con 
taining at least one of C1 and F, ClF gas is used as the gas 
containing at least one of C1 and F. 

3. The film forming method of claim 1, wherein the forma 
tion of the Ge—Sb Te film is performed at a temperature 
ranging from about 200° C. to 500° C. 

4. The film forming method of claim 3, wherein the expo 
Sure of the inside of the processing chamber to the gas con 
taining at least one of Cland F is performed at a temperature 
falling within a range of about 50° C. from the temperature 
for the formation of the Ge–Sb Te film. 
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5. The film forming method of claim 1, wherein the Geraw 
material, the Sb raw material and the Te raw material are 
compounds having an alkyl group. 

6. A storage medium storing a program for controlling a 
film forming apparatus, wherein the program, when executed 
ona computer, controls the film forming apparatus to perform 
a film forming method of a Ge—Sb Te film which includes: 
exposing the inside of a processing chamber to a gas contain 
ing at least one of C1 and F before loading a substrate into 
processing chamber, loading a Substrate intothe processing 
chamber; and introducing a gaseous Ge raw material, a gas 
eous Sb raw material and a gaseous Te raw material into the 
processing chamber where the Substrate is loaded and form 
ing a Ge Sb Tefilm formed of GeSbTes on the substrate 
by CVD. 


