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DESCRIPTION 

 

METHOD OF MANUFACTURING PASSIVATION FILM 

 

Technical Field 5 

[0001] 

 The present invention relates to a method of 

manufacturing passivation films. 

 

Background Art 10 

[0002] 

 In recent years, semiconductor materials containing 

elements other than silicon (Si) have been attracting 

attention in the field of semiconductors.  Examples of 

semiconductor materials containing elements other than 15 

silicon include semiconductor materials containing Group 

III-V elements such as germanium (Ge) and indium gallium 

arsenide (InGaAs), and semiconductor materials containing 

metal chalcogenides such as molybdenum (IV) sulfide 

(MoS2). 20 

 Although these semiconductor materials have an 

advantage of having a high mobility compared to silicon 

materials, the mobility may be reduced due to 

difficulties in film formation or high defect density at 

the interface between materials. 25 

[0003] 

 Therefore, in order to lower the defect density at 

the interface between materials, a method of forming a 
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passivation film on a germanium or molybdenum substrate 

using hydrogen sulfide (H2S) gas has been proposed (see, 

for example, Patent Document 1).  As a method of 

depositing metal chalcogenides, a method of treating a 

molybdenum oxide layer and a tungsten oxide layer with 5 

hydrogen sulfide gas to form a molybdenum sulfide layer 

and a tungsten sulfide layer has been proposed (see, for 

example, Patent Document 2). 

 

Citation List 10 

 Patent Literature 

[0004] 

  PTL 1: JP 2016-207789 A 

  PTL 2: JP 2017-61743 A 

 15 

Summary of Invention 

 Technical Problem 

[0005] 

 However, depending on the quality of a hydrogen 

sulfide gas, the concentration of oxygen atoms contained 20 

in a passivation film may increase, resulting in a 

decrease in the performance of the passivation film. 

 The present invention aims to provide a method for 

manufacturing a passivation film that can reproducibly 

produce a passivation film with a low concentration of 25 

oxygen atoms. 

 Solution to Problem 

[0006] 
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 In order to solve the above-described problems, one 

aspect of the present invention is as described in [1] to 

[5] below. 

[1] A method of manufacturing a passivation film, the 

method including  5 

 a passivation process in which a substrate on the 

surface of which at least one of germanium and molybdenum 

is contained is treated with a passivation gas containing 

an oxygen-containing compound, which is a compound 

containing an oxygen atom in a molecule, and hydrogen 10 

sulfide to form a passivation film containing a sulfur 

atom on the surface of the substrate, wherein  

 concentration of the oxygen-containing compound in 

the passivation gas is from 0.001 mole ppm to less than 

75 mole ppm. 15 

[0007] 

[2] The method of manufacturing a passivation film 

according to [1], wherein the concentration of the 

oxygen-containing compound in the passivation gas is from 

0.5 mole ppm to 65 mole ppm. 20 

[3] The method of manufacturing a passivation film 

according to [1] or [2], wherein the oxygen-containing 

compound is at least one of oxygen gas and water. 

[4] The method of manufacturing a passivation film 

according to any one of [1] to [3], wherein the substrate 25 

includes a film containing at least one of germanium and 

molybdenum on the surface of the substrate. 
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[5] The method of manufacturing a passivation film 

according to any one of [1] to [4], wherein the substrate 

is treated with the passivation gas under conditions of a 

temperature of from 20°C to 1,500°C and a pressure of 

from 1 Pa to 101 kPa. 5 

 Advantageous Effects of Invention 

[0008] 

 According to the present invention, a passivation 

film with a low concentration of oxygen atoms can be 

reproducibly manufactured. 10 

 

Brief Description of Drawings 

[0009] 

 FIG. 1 is a schematic diagram of a film deposition 

system illustrating an embodiment of the method of 15 

manufacturing a passivation film according to the present 

invention. 

 FIG. 2 is a graph illustrating an analysis result of 

surface states of a germanium film on which a passivation 

film is formed. 20 

 FIG. 3 is a graph illustrating an analysis result of 

surface states of a molybdenum film on which a 

passivation film is formed. 

 

Description of Embodiments 25 

[0010] 

 An embodiment of the present invention will be 

described below.  The present embodiment is an example of 
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the present invention, and the present invention is not 

limited to the present embodiment.  A variety of 

modifications or improvements can be made to the present 

embodiment, and such an aspect in which a modification or 

improvement is made can be included in the present 5 

invention. 

[0011] 

 The method for manufacturing a passivation film 

according to the present embodiment includes a 

passivation process in which a substrate on the surface 10 

of which at least one of germanium and molybdenum is 

contained is treated with a passivation gas containing an 

oxygen-containing compound, which is a compound 

containing an oxygen atom in a molecule, and hydrogen 

sulfide to form a passivation film containing a sulfur 15 

atom on the surface of the substrate.  Concentration of 

the oxygen-containing compound in the passivation gas is 

from 0.001 mole ppm to less than 75 mole ppm. 

[0012] 

 According to the method of manufacturing a 20 

passivation film according to the present embodiment, a 

stable sulfide film can be generated while suppressing 

unintended generation of an oxide film, and therefore a 

passivation film with a low concentration of oxygen atoms 

can be reproducibly manufactured. 25 

 In order to sufficiently suppress generation of 

unintended oxide films and to reproducibly produce a 

passivation film with a low concentration of oxygen 
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atoms, the concentration of the oxygen-containing 

compound in the passivation gas needs to be from 0.001 

mole ppm to less than 75 mole ppm, and the upper limit is 

preferably 65 mole ppm or less, more preferably 40 mole 

ppm or less, and still more preferably 5 mole ppm or 5 

less, and the lower limit may be 0.5 mole ppm or more.  

The lower the concentration of oxygen-containing 

compounds in the passivation gas, the more favorable, but 

when the concentration is lower than 0.001 mole ppm, 

measurement is difficult. 10 

[0013] 

 The kind of an oxygen-containing compound is not 

particularly limited, and examples thereof include oxygen 

gas (O2), water (H2O), carbon monoxide (CO), carbon 

dioxide (CO2), carbonyl sulfide (COS), and sulfur dioxide 15 

(SO2).  Among these oxygen-containing compounds, at least 

one of oxygen gas and water is preferable. 

[0014] 

 A substrate to be treated with a passivation gas is 

a substrate on the surface of which at least one of 20 

germanium and molybdenum is contained, and how the 

surface of the substrate has at least one of germanium 

and molybdenum is not particularly limited.  For example, 

the surface of the substrate may include a film 

containing at least one of germanium and molybdenum. 25 

[0015] 

 A substrate including a film containing at least one 

of germanium and molybdenum on the surface may be any 
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substrate as long as the film contains at least one of 

germanium and molybdenum, and is suitably, for example, a 

substrate used for forming semiconductor devices.  In 

particular, a single crystal silicon substrate on which a 

film containing at least one of germanium and molybdenum 5 

is deposited on the surface by physical vapor deposition 

(PVD) or chemical vapor deposition (CVD) is preferable. 

[0016] 

 The concentration of hydrogen sulfide in a 

passivation gas is not particularly limited as long as 10 

the amount is sufficient for depositing a passivation 

film, and is preferably 1% or more by volume, more 

preferably 2% or more by volume, still more preferably 

10% or more by volume, and particularly preferably 100% 

by volume.  A component contained in the passivation gas 15 

other than hydrogen sulfide and oxygen-containing 

compounds is not particularly limited, and examples 

thereof include an inert gas such as nitrogen gas or 

argon gas. 

[0017] 20 

 The pressure at which a substrate is treated with a 

passivation gas in a passivation process (for example, 

the pressure in a chamber where a treatment with the 

passivation gas takes place) is not particularly limited, 

and is preferably from 1 Pa to 101 kPa, more preferably 25 

from 10 Pa to 90 kPa, and still more preferably from 100 

Pa to 80 kPa. 

[0018] 
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 The temperature at which a substrate is treated with 

a passivation gas in a passivation process (for example, 

the temperature of the substrate distributed in a 

chamber) is not particularly limited, and in order to 

obtain high in-plane uniformity of the treatment of the 5 

surface of the substrate by the passivation gas, the 

temperature is preferably from 20°C to 1,500°C, more 

preferably from 50°C to 1,200°C, and still more 

preferably from 100°C to 1,000°C. 

[0019] 10 

 Furthermore, the length of time for treating a 

substrate with a passivation gas in a passivation process 

is not particularly limited, and in consideration of the 

efficiency of a semiconductor device manufacturing 

process, the length of time is preferably within 120 15 

minutes.  The time to treat a substrate with a 

passivation gas refers to the time from the time when the 

passivation gas is supplied to a chamber in which the 

substrate is housed to the time when the passivation gas 

in the chamber is evacuated by a vacuum pump or the like 20 

to finish the treatment of the surface of the substrate 

by the passivation gas. 

[0020] 

 The method of manufacturing a passivation film 

according to present embodiment can be suitably applied 25 

to a semiconductor film deposition system for depositing 

a passivation film on the surface of a substrate.  The 

structure of this film deposition system is not 
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particularly limited, and the positional relationship 

between the substrate housed in the chamber, which is a 

reaction vessel, and a piping connected to the chamber is 

not particularly limited. 

 5 

Examples 

[0021] 

 Hereinafter, the present invention will be described 

in more detail with reference to Examples and Comparative 

Examples. 10 

 Example 1 

 A passivation film was formed on the surface of a 

substrate using a film deposition system 1 illustrated in 

FIG. 1.  The film deposition system 1 includes a chamber 

10 for performing a passivation process and a temperature 15 

control device (not illustrated) for adjusting the 

temperature inside the chamber 10.  Inside the chamber 

10, a stage 11 for supporting a sample 20 is provided.  

As the sample 20, a silicon oxide film having a thickness 

of 150 nm was formed on a silicon substrate, and a 20 

germanium film having a thickness of 80 nm was further 

formed on top of the silicon oxide film. 

[0022] 

 On the upstream side of the chamber 10, a 

passivation gas supply piping 12 for supplying a 25 

passivation gas containing an oxygen-containing compound 

and hydrogen sulfide to the chamber 10 and an inert gas 

supply piping 13 for supplying an inert gas to the 



- 10 - 

chamber 10 are connected via a valve 32 and a valve 33, 

respectively. 

[0023] 

 On the downstream side of the chamber 10, an exhaust 

piping 15 for discharging a gas inside the chamber 10 to 5 

the outside is connected to the chamber 10, and on the 

downstream side of the exhaust piping 15, a vacuum pump 

38 is connected via a valve 35.  The pressure inside the 

chamber 10 is controlled by a pressure controller 37 that 

controls the valve 35. 10 

[0024] 

 The film deposition system 1 as described above was 

used to perform a passivation process.  A sample 20 was 

placed on a stage 11, the pressure in a chamber 10 was 

reduced to less than 10 Pa, and then the temperature in 15 

the chamber 10 was raised to 800°C.  Then, the valve 32 

was opened, and a passivation gas was supplied from the 

passivation gas supply piping 12 to the chamber 10 at a 

pressure of 101 kPa.  This passivation gas is a mixture 

of oxygen gas and hydrogen sulfide gas, and the 20 

concentration of oxygen gas in the passivation gas is 60 

mole ppm.  The flow rate of the passivation gas was set 

to 100 sccm, and the pressure inside the chamber 10 when 

depositing a passivation film on the surface of the 

sample 20 was set to 67 kPa.  It is noted that sccm 25 

represents the flow rate (ml/min) at 0°C and 101.3 kPa. 

[0025] 
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 After the passivation gas was introduced for 30 

minutes to sulfurize the surface of the sample 20 and 

deposit a passivation film under conditions of a 

temperature of 800°C and a pressure of 67 kPa, the 

introduction of the passivation gas was stopped.  Then, 5 

the inside of the chamber 10 was evacuated with the 

vacuum pump 38, and nitrogen gas which is an inert gas 

was supplied into the chamber 10 from the inert gas 

supply piping 13 to replace the inside of the chamber 10 

with nitrogen gas.  The temperature inside the chamber 10 10 

was then lowered to room temperature, and the sample 20 

on which the passivation film was deposited was removed 

from the chamber 10. 

[0026] 

 Example 2 15 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 1, except that 

the concentration of oxygen gas in a passivation gas was 

set to 30 mole ppm. 

 Example 3 20 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 1, except that 

the concentration of oxygen gas in a passivation gas was 

set to 3.8 mole ppm. 

 Example 4 25 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 1, except that 
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the concentration of oxygen gas in a passivation gas was 

set to 0.75 mole ppm. 

[0027] 

 Comparative Example 1 

 A passivation film was deposited on the surface of a 5 

substrate in the same manner as in Example 1, except that 

the concentration of oxygen gas in a passivation gas was 

set to 75 mole ppm. 

 Comparative Example 2 

 A passivation film was deposited on the surface of a 10 

substrate in the same manner as in Example 1, except that 

the concentration of oxygen gas in a passivation gas was 

set to 150 mole ppm. 

[0028] 

 Example 5 15 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 1, except 

that, as the sample 20, a sample in which a silicon oxide 

film with a thickness of 150 nm was formed on a silicon 

substrate and a molybdenum film with a thickness of 80 nm 20 

was further formed on top of the silicon oxide film was 

used. 

 Example 6 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 5, except that 25 

the concentration of oxygen gas in a passivation gas was 

set to 30 mole ppm. 

[0029] 
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 Example 7 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 5, except that 

the concentration of oxygen gas in a passivation gas was 

set to 3.8 mole ppm. 5 

 Example 8 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 5, except that 

the concentration of oxygen gas in a passivation gas was 

set to 0.75 mole ppm. 10 

[0030] 

 Comparative Example 3 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 5, except that 

the concentration of oxygen gas in a passivation gas was 15 

set to 75 mole ppm. 

 Comparative Example 4 

 A passivation film was deposited on the surface of a 

substrate in the same manner as in Example 5, except that 

the concentration of oxygen gas in a passivation gas was 20 

set to 150 mole ppm. 

[0031] 

 For samples 20 on which the passivation films were 

deposited in Examples 1 to 8 and Comparative Examples 1 

to 4, the surface state of a germanium film or a 25 

molybdenum film on which a passivation film was formed 

was analyzed by time-of-flight secondary ion mass 

spectrometry (TOF-SIMS).  The amounts of germanium oxide 
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(GeOx), germanium sulfide (GeSx), molybdenum oxide 

(MoOx), and molybdenum sulfide (MoSx) in each passivation 

film are illustrated in Tables 1 and 2 and graphs in FIG. 

2 and FIG. 3. 

[0032] 5 

[Table 1] 

 Exampl

e 1 

Exampl

e 2 

Exampl

e 3 

Exampl

e 4 

Comparativ

e Example 

1 

Comparativ

e Example 

2 

Oxygen gas 

concentratio

n (mole ppm) 

60 30 3.8 0.75 75 150 

GeOx amount 

(arbitrary 

unit) 

516 472 385 292 827 1821 

GeSx amount 

(arbitrary 

unit) 

822 936 1408 1507 390 384 

GeOx/GeSx 

ratio 

0.63 0.50 0.27 0.19 2.12 4.74 

[0033] 

[Table 2] 

 Exampl

e 5 

Exampl

e 6 

Exampl

e 7 

Exampl

e 8 

Comparativ

e Example 

3 

Comparativ

e Example 

4 
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Oxygen gas 

concentratio

n (mole ppm) 

60 30 3.8 0.75 75 150 

MoOx amount 

(arbitrary 

unit) 

501 430 424 272 852 1639 

MoSx amount 

(arbitrary 

unit) 

748 833 1211 1266 382 357 

MoOx/MoSx 

ratio 

0.67 0.52 0.35 0.21 2.23 4.59 

[0034] 

 As can be seen from Tables 1 and 2 and the graphs in 

FIGS. 2 and 3, Comparative Examples 1, 2, 3, and 4, in 

which the concentration of oxygen gas in the passivation 

gas is 75 mole ppm or higher, had a large ratio of the 5 

amount of oxide to the amount of sulfide in the 

passivation film of the sample 20.  In contrast, for 

Examples 1 to 8, in which the concentration of oxygen gas 

in the passivation gas was less than 75 mole ppm, the 

ratio of the amount of oxide to the amount of sulfide in 10 

the passivation film of the sample 20 was considerably 

smaller than that of Comparative Examples, indicating the 

existence of critical conditions between Examples and 

Comparative Examples.  As described above, it was found 

that a sulfide film can be deposited while suppressing 15 

generation of an oxide film by using a passivation gas 

with a low concentration of oxygen gas. 



- 16 - 

 

Reference Signs List 

[0035] 

 1  Film deposition system 

 10 Chamber 5 

 11 Stage 

 12 Passivation gas supply piping 

 13 Inert gas supply piping 

 15 Exhaust piping 

 20 Sample 10 
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CLAIMS 

 

 1. A method of manufacturing a passivation film, 

the method comprising  

 a passivation process in which a substrate on the 5 

surface of which at least one of germanium and molybdenum 

is contained is treated with a passivation gas containing 

an oxygen-containing compound, which is a compound 

containing an oxygen atom in a molecule, and hydrogen 

sulfide to form a passivation film containing a sulfur 10 

atom on the surface of the substrate, wherein  

 concentration of the oxygen-containing compound in 

the passivation gas is from 0.001 mole ppm to less than 

75 mole ppm. 

 15 

 2. The method of manufacturing a passivation 

film according to claim 1, wherein the concentration of 

the oxygen-containing compound in the passivation gas is 

from 0.5 mole ppm to 65 mole ppm. 

 20 

 3. The method of manufacturing a passivation 

film according to claim 1 or 2, wherein the oxygen-

containing compound is at least one of oxygen gas and 

water. 

 25 

 4. The method of manufacturing a passivation 

film according to any one of claims 1 to 3, wherein the 
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substrate comprises a film containing at least one of 

germanium and molybdenum on the surface of the substrate. 

 

 5. The method of manufacturing a passivation 

film according to any one of claims 1 to 4, wherein the 5 

substrate is treated with the passivation gas under 

conditions of a temperature of from 20°C to 1,500°C and a 

pressure of from 1 Pa to 101 kPa. 


