
- 1 -

Method and device for controlling the manufacture of semiconductor by measuring 

contamination 

The present invention concerns the methods and devices implemented to 

manufacture semiconductors or microelectromechanical systems (MEMS) in 

semiconductor manufacturing plants. In particular, the invention pertains to means 

for increasing the yield of semiconductor manufacturing plants.

In a semiconductor manufacturing plant, substrates such as 

semiconductor wafers and/or masks undergo treatments in process chambers, 

carrying out various steps such as steps of depositing material and steps of etching. 

Between each step, the substrates are moved between various equipments.

When microelectronics chips are manufactured, the considerable number 

of processing steps (about 400 of them) leads to sequencing restrictions between 

the processing equipment. The substrates are transferred between the equipments. 

Since waiting times between equipment may be long, typically several hours, it is 

necessary to store the substrates.

Thus, in a semiconductor manufacturing plant, there is provided a plurality 

of substrate processing equipment, substrate storage means, substrate transport 

means, and a manufacturing execution system (MES) functionally related with the 

substrate processing equipment, with substrate storage means and substrate 

transport means.

The manufacturing execution system (MES) is thereby adapted to control 

the substrate processing equipment, in order to carry out satisfactory steps of 

processing. The manufacturing execution system also gives the order to take the 

substrates out of the storage means, and pilots the substrate transport means to 

lead the substrates to the next processing equipment in the order of the process 

steps.

Given the number of steps of the process to be implemented, in order to 

increase manufacturing productivity, substrates have traditionally been processed in 

batches. It is therefore batches of substrates which are stored, moved, and 

processed.

But the need to increase productivity persists. To achieve this, it has been 

sought to automate the movement of batches of substrates, and to optimize these 

Method and device for controlling the manufacture of semiconductor by measuring contamination
The present invention concerns the methods and devices implemented to manufacture semiconductors or
microelectromechanical systems (MEMS) in semiconductor manufacturing plants. In particular, the
invention pertains to means for increasing the yield of semiconductor manufacturing plants.          In a
semiconductor manufacturing plant, substrates such as semiconductor wafers and/or masks undergo
treatments in process chambers, carrying out various steps such as steps of depositing material and
steps of etching. Between each step, the substrates are moved between various equipments.          When
microelectronics chips are manufactured, the considerable number of processing steps (about 400 of
them) leads to sequencing restrictions between the processing equipment. The substrates are transferred
between the equipments. Since waiting times between equipment may be long, typically several hours, it
is necessary to store the substrates.          Thus, in a semiconductor manufacturing plant, there is
provided a plurality of substrate processing equipment, substrate storage means, substrate transport
means, and a manufacturing execution system (MES) functionally related with the substrate processing
equipment, with substrate storage means and substrate transport means.          The manufacturing
execution system (MES) is thereby adapted to control the substrate processing equipment, in order to
carry out satisfactory steps of processing. The manufacturing execution system also gives the order to
take the substrates out of the storage means, and pilots the substrate transport means to lead the
substrates to the next processing equipment in the order of the process steps.          Given the number of
steps of the process to be implemented, in order to increase manufacturing productivity, substrates have
traditionally been processed in batches. It is therefore batches of substrates which are stored, moved,
and processed.          But the need to increase productivity persists. To achieve this, it has been sought to
automate the movement of batches of substrates, and to optimize these  - 2 - 
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movements. Thus, in order to improve manufacturing output, it has been proposed in 

document US-7.610,111 to optimize the movement of batches of substrates by 

examining the orders of priority dictated by the load of the substrate processing 

equipment, by examining the batches of substrates waiting in the storage means, 

and by choosing the movements of batches of substrates so as to minimize storage 

time. 

Thus, currently, semiconductor manufacturing plants manage a maximum 

fixed time between certain steps to avoid problems related to these waiting times. 

These durations are fixed empirically, by examining the minimum possible time in 

relation to the number of equipments available for the next step, and the maximum 

time past which pollution problems due to storage might appear.

Despite this progress, it has been observed that the yield of 

semiconductor manufacturing plants is still insufficient, in particular due to the 

essentially variable nature of the sequences of processing steps for manufacturing 

different semiconductors or microelectromechanical systems in the same plant.

This is because the maximum storage time of the substrates depends on 

a large number of factors: it depends on the final product that the plant must 

manufacture, it being understood that a plant generally manufactures more than ten 

different products which must pass through the same process equipments in 

different sequences and steps; it depends on the number of substrates to be 

processed and the number of substrates present in the processed batches; and it 

depends on the history of the substrate batches.

One of the limits of known systems is the lack of flexibility and 

adaptability. For example, managing the maintenance of processing equipments 

poses adaptation problems, by altering possible sequences of steps. The 

incorporation of a new product or new technology is poorly handled in this sort of 

substrate batch flow management.

Often the maximum storage times are exceeded, and increasing defects 

are observed in the manufactured products.

The problem proposed by the present invention is therefore how to further 

increase the yield and flexibility of semiconductor manufacturing plants.

The idea at the basis of the invention is that the observed decreases in 

yields mainly results from pollution problems that appear during transition phases 

between the processing equipments. These pollution problems are related to the gas 

movements. Thus, in order to improve manufacturing output, it has been proposed in document
US-7.610,111 to optimize the movement of batches of substrates by examining the orders of priority
dictated by the load of the substrate processing equipment, by examining the batches of substrates
waiting in the storage means, and by choosing the movements of batches of substrates so as to minimize
storage time.           Thus, currently, semiconductor manufacturing plants manage a maximum fixed time
between certain steps to avoid problems related to these waiting times. These durations are fixed
empirically, by examining the minimum possible time in relation to the number of equipments available for
the next step, and the maximum time past which pollution problems due to storage might appear.
Despite this progress, it has been observed that the yield of semiconductor manufacturing plants is still
insufficient, in particular due to the essentially variable nature of the sequences of processing steps for
manufacturing different semiconductors or microelectromechanical systems in the same plant.           This
is because the maximum storage time of the substrates depends on a large number of factors: it depends
on the final product that the plant must manufacture, it being understood that a plant generally
manufactures more than ten different products which must pass through the same process equipments in
different sequences and steps; it depends on the number of substrates to be processed and the number
of substrates present in the processed batches; and it depends on the history of the substrate batches.
One of the limits of known systems is the lack of flexibility and adaptability. For example, managing the
maintenance of processing equipments poses adaptation problems, by altering possible sequences of
steps. The incorporation of a new product or new technology is poorly handled in this sort of substrate
batch flow management.           Often the maximum storage times are exceeded, and increasing defects
are observed in the manufactured products.           The problem proposed by the present invention is
therefore how to further increase the yield and flexibility of semiconductor manufacturing plants.
The idea at the basis of the invention is that the observed decreases in yields mainly results from pollution
problems that appear during transition phases between the processing equipments. These pollution
problems are related to the gas  - 3 - surrounding the substrate batches, as the gases react and create
defects on the substrates. These defects are both proportional to the concentration of gases present and
the contact time. 
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surrounding the substrate batches, as the gases react and create defects on the 

substrates. These defects are both proportional to the concentration of gases 

present and the contact time.

A dose may be defined as the concentration of the gas multiplied by time. 

Beginning at a certain dose, it is assumed that problems will appear on the 

substrates.

Currently, the batches of substrates are contained in mini-environments, 

made up of storage and transport boxes such as front-opening unified pods (FOUP), 

and standard mechanical interfaces (SMIF). This reduces the volume of the gas 

atmosphere in contact with the batches of substrates. However, this decrease in 

volume does not yet have a sufficient effect on the reliability of the overall 

manufacturing process and on its yield.

To that end, the present invention is focused on airborne molecular 

contamination (AMC), resulting from the presence of reactive gases in the internal 

atmosphere of storage and transport boxes.

This airborne molecular contamination is a generic term for molecules that 

are likely to react with the surfaces of semiconductor wafers. These chemical 

reactions may make a semiconductor wafer unusable. In some cases, these 

molecules appear in the form of salts or metal particles, but most commonly they 

constitute gaseous substances.

For example, they include acids, basis, condensable elements, and 

doping elements.

These molecules may come from the air inside the semiconductor 

manufacturing plant. However, these molecules mainly come from residue from 

semiconductor substrate processing steps during manufacture.

The storage and transport boxes are generally made of materials such as 

polycarbonate, which may in some cases contain concentrations of contaminants, 

particularly including organic, basic, amino, acidic, and doping contaminants, which 

may result from the manufacture of the storage and transport boxes themselves 

and/or the way they are used.

Furthermore, during the manufacture of semiconductors, the storage and 

transport boxes are handled, which leads to the formation of polluting particles that 

become lodged within the walls of the storage and transport boxes, and which 

contaminate them. The particles stuck to the walls of the storage and transport 

boxes may then become unstuck, falling onto the substrates contained within these 

boxes and deteriorating them. It is also observed that the contamination of the 

A dose may be defined as the concentration of the gas multiplied by time. Beginning at a certain dose, it
is assumed that problems will appear on the substrates.           Currently, the batches of substrates are
contained in mini-environments, made up of storage and transport boxes such as front-opening unified
pods (FOUP), and standard mechanical interfaces (SMIF). This reduces the volume of the gas
atmosphere in contact with the batches of substrates. However, this decrease in volume does not yet
have a sufficient effect on the reliability of the overall manufacturing process and on its yield.           To
that end, the present invention is focused on airborne molecular contamination (AMC), resulting from the
presence of reactive gases in the internal atmosphere of storage and transport boxes.           This airborne
molecular contamination is a generic term for molecules that are likely to react with the surfaces of
semiconductor wafers. These chemical reactions may make a semiconductor wafer unusable. In some
cases, these molecules appear in the form of salts or metal particles, but most commonly they constitute
gaseous substances.            For example, they include acids, basis, condensable elements, and doping
elements.           These molecules may come from the air inside the semiconductor manufacturing plant.
However, these molecules mainly come from residue from semiconductor substrate processing steps
during manufacture.           The storage and transport boxes are generally made of materials such as
polycarbonate, which may in some cases contain concentrations of contaminants, particularly including
organic, basic, amino, acidic, and doping contaminants, which may result from the manufacture of the
storage and transport boxes themselves and/or the way they are used.            Furthermore, during the
manufacture of semiconductors, the storage and transport boxes are handled, which leads to the
formation of polluting particles that become lodged within the walls of the storage and transport boxes,
and which contaminate them. The particles stuck to the walls of the storage and transport boxes may then
become unstuck, falling onto the substrates contained within these boxes and deteriorating them. It is
also observed that the contamination of the  - 4 - substrates contained within a storage and transport box
increases both as a function of the quantity of contaminants present within the box, and as a function of
the substrates duration of exposure to the atmosphere within the storage and transport box. 
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substrates contained within a storage and transport box increases both as a function 

of the quantity of contaminants present within the box, and as a function of the 

substrates duration of exposure to the atmosphere within the storage and transport 

box.

Regular cleaning of these pods by washing them with a liquid such as 

deionized water is therefore planned. This washing stage, which lasts between 5 and 

7 minutes, is followed by a much longer drying stage (between 5 and 8 hours) 

including, for example, a phase in which the transport pods are heated by 

convection of hot air heated by infrared radiation, and centrifuged, followed by a 

phase in which the transport pods are left in the open air. Despite the drying, water 

residue may remain stuck onto the walls of the storage and transport boxes.

In order to decrease the pollution generated by the semiconductor 

manufacturing process equipments, transport box processing methods and devices 

have been designed, such as those described in the document WO-2009/021941.

In order to decontaminate a storage and transport box and the batch of 

substrates that it contains, a method and device for decontaminating an enclosed 

environment as described in the document WO 2007/135347 A1 have also been 

proposed.

Finally, to measure the contamination directly within the storage and 

transport boxes, a measuring device as described in the document EP-1 703 547 

has been proposed.

However, until now, these measurement and decontamination means 

have been used in direct combination with one or more particular devices intended 

to execute one or more manufacturing method steps, in order to directly process the 

pollution resulting from these steps of manufacturing at the source. However, this 

remains insufficient for enabling a satisfactory increase in the output and flexibility of 

the semiconductor manufacturing plant.

In order to achieve the goal of the invention, the idea is to manage the 

sequencing restrictions of successive movements of substrate batch storage and 

transport boxes, by carrying out a dynamic management based upon the 

measurement of the dose of a critical gas within the storage and transport boxes. 

The decision on the course of the batches of substrates contained within the storage 

and transport box, and the decision on how much time to leave between the 

successive substrate-processing steps, are dynamically drawn from this information.

Regular cleaning of these pods by washing them with a liquid such as deionized water is therefore
planned. This washing stage, which lasts between 5 and 7 minutes, is followed by a much longer drying
stage (between 5 and 8 hours) including, for example, a phase in which the transport pods are heated by
convection of hot air heated by infrared radiation, and centrifuged, followed by a phase in which the
transport pods are left in the open air. Despite the drying, water residue may remain stuck onto the walls
of the storage and transport boxes.           In order to decrease the pollution generated by the
semiconductor manufacturing process equipments, transport box processing methods and devices have
been designed, such as those described in the document WO-2009/021941.           In order to
decontaminate a storage and transport box and the batch of substrates that it contains, a method and
device for decontaminating an enclosed environment as described in the document WO 2007/135347 Al
have also been proposed.           Finally, to measure the contamination directly within the storage and
transport boxes, a measuring device as described in the document EP-1 703 547 has been proposed.
However, until now, these measurement and decontamination means have been used in direct
combination with one or more particular devices intended to execute one or more manufacturing method
steps, in order to directly process the pollution resulting from these steps of manufacturing at the source.
However, this remains insufficient for enabling a satisfactory increase in the output and flexibility of the
semiconductor manufacturing plant.           In order to achieve the goal of the invention, the idea is to
manage the sequencing restrictions of successive movements of substrate batch storage and transport
boxes, by carrying out a dynamic management based upon the measurement of the dose of a critical gas
within the storage and transport boxes. The decision on the course of the batches of substrates contained
within the storage and transport box, and the decision on how much time to leave between the successive
substrate-processing steps, are dynamically drawn from this information.  - 5 -          Thus, according to a
first aspect, the invention proposes a device for handling substrates within a semiconductor
manufacturing plant having substrate processing equipments, substrate storage means, substrate
transport means, and a manufacturing execution system (MES) functionally related with the substrate
processing equipments, with substrate storage means and substrate transport means. The device further
comprises: - at least one substrates storage and transport box, each of the boxes being capable of
containing a batch of substrate, which is transported by the transport means and stored in the storage
means, - at least one gas analysis device of the gases forming the internal atmosphere of the substrate
storage and transport box, which produces analysis signals representative of the quantity of the critical
gas that is able to generate molecular contamination, which is present in the storage and transport box, 
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Thus, according to a first aspect, the invention proposes a device for 

handling substrates within a semiconductor manufacturing plant having substrate 

processing equipments, substrate storage means, substrate transport means, and a 

manufacturing execution system (MES) functionally related with the substrate 

processing equipments, with substrate storage means and substrate transport 

means. The device further comprises:

- at least one substrates storage and transport box, each of the boxes being capable 

of containing a batch of substrate, which is transported by the transport means and 

stored in the storage means,

- at least one gas analysis device of the gases forming the internal atmosphere of 

the substrate storage and transport box, which produces analysis signals 

representative of the quantity of the critical gas that is able to generate molecular 

contamination, which is present in the storage and transport box, 

- an execution device which pilots the transport means and the storage means, with 

the execution device comprising instructions for detecting a molecular 

decontamination need as a function of analysis signals emitted by the gas analysis 

device.

According to a second aspect, the invention proposes a method for 

handling substrates within a semiconductor manufacturing plant, comprising the 

steps of:

- distributing the substrates into batches each contained within a storage and 

transport box, 

- analyzing the gases in the internal atmosphere of a storage and transport box,

- selectively directing the storage and transport box to a storage means or to a 

decontamination station as a function of the result of the gas analysis.

The analysis carried out is both a qualitative analysis of at least one of the 

gas species present in the storage and transport box, and a quantitative analysis of 

that gas species.

Due to the fact that movements of batches of substrates are managed 

based on real knowledge of the current quantity of airborne contamination (AMC) in 

the storage and transport boxes, it becomes possible to monitor or provide for the 

change in the contamination of the substrates in the storage and transport boxes, 

such that some storage times may be lengthened without any risk whenever 

foreseeable contamination is low, preferring to reduce storage and transport times if 

there are any storage and transport boxes containing more contaminants, or more 

- an execution device which pilots the transport means and the storage means, with the execution device
comprising instructions for detecting a molecular decontamination need as a function of analysis signals
emitted by the gas analysis device.          According to a second aspect, the invention proposes a method
for handling substrates within a semiconductor manufacturing plant, comprising the steps of: - distributing
the substrates into batches each contained within a storage and transport box, - analyzing the gases in
the internal atmosphere of a storage and transport box, - selectively directing the storage and transport
box to a storage means or to a decontamination station as a function of the result of the gas analysis.
The analysis carried out is both a qualitative analysis of at least one of the gas species present in the
storage and transport box, and a quantitative analysis of that gas species.           Due to the fact that
movements of batches of substrates are managed based on real knowledge of the current quantity of
airborne contamination (AMC) in the storage and transport boxes, it becomes possible to monitor or
provide for the change in the contamination of the substrates in the storage and transport boxes, such
that some storage times may be lengthened without any risk whenever foreseeable contamination is low,
preferring to reduce storage and transport times if there are any storage and transport boxes containing
more contaminants, or more  - 6 - reactive contaminants. This increases flexibility in the choices available
to optimize production time.           Simultaneously, reliability is increased through strict control of
contamination and through fast information on any excessive contamination levels. 
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reactive contaminants. This increases flexibility in the choices available to optimize 

production time.

Simultaneously, reliability is increased through strict control of 

contamination and through fast information on any excessive contamination levels.

In practice, the program saved in the execution device may contain:

- instructions for producing and scanning the analysis signals, 

- instructions for carrying out a comparison between the analysis signals and 

recorded threshold values,

- instructions for piloting the transport means and the storage means depending on 

the result of this comparison.

Preferentially, it is provided that:

- the program saved in the execution device further contains an algorithm for 

simulating the foreseeable change in contamination within the substrate storage and 

transfer box as a function of analysis signals,

- the instructions for piloting the transport means and the storage means act as a 

function of the simulation result.

Thus, the change in contamination may be anticipated, in order to further 

optimize the choices of processing steps and processing times.

The device therefore actively affects the choice of substrate storage and 

transfer boxes whose contents will be processed.

Furthermore, to further increase choice options, it may be provided that:

- the device further comprises at least one internal decontamination station which 

contains a vacuum when closed in order to internally decontaminate at least one 

transport and storage box,

- the program saved in the execution device further contains instructions for 

detecting an internal decontamination need of the storage and transport box and to 

command the transport means and internal decontamination means in order to 

ensure the internal decontamination of the storage and transport box.

An "internal decontamination station which contains a vacuum when 

closed" refers to a decontamination station, such as one of the type described in the 

document WO-2007/135347. A closed storage and transport box, whether or not 

containing substrates, is placed within the decontamination station, and the gas 

contained within the station is pumped out. As the storage and transport box 

normally comprises an outlet, the gases contained within the storage and transport 

box are simultaneously pumped out, thereby ensuring the total or partial evacuation 

of contaminants. 

In practice, the program saved in the execution device may contain: - instructions for producing and
scanning the analysis signals, - instructions for carrying out a comparison between the analysis signals
and recorded threshold values, - instructions for piloting the transport means and the storage means
depending on the result of this comparison. Preferentially, it is provided that: - the program saved in the
execution device further contains an algorithm for simulating the foreseeable change in contamination
within the substrate storage and transfer box as a function of analysis signals, - the instructions for
piloting the transport means and the storage means act as a function of the simulation result.           Thus,
the change in contamination may be anticipated, in order to further optimize the choices of processing
steps and processing times.           The device therefore actively affects the choice of substrate storage
and transfer boxes whose contents will be processed. Furthermore, to further increase choice options, it
may be provided that: - the device further comprises at least one internal decontamination station which
contains a vacuum when closed in order to internally decontaminate at least one transport and storage
box, - the program saved in the execution device further contains instructions for detecting an internal
decontamination need of the storage and transport box and to command the transport means and internal
decontamination means in order to ensure the internal decontamination of the storage and transport box. 



- 7 -

In practice, the program saved in the execution device may contain 

instructions for ordering the analysis of the gases contained within a storage and 

transport box at the outlet of a substrate processing equipment, to convey the 

storage and transport box to the storage means if the level of the critical gas, such 

as HF, measured by the gas analysis means, is less than a first predetermined 

threshold, and to convey the storage and transport box to an internal 

decontamination station containing a vacuum if the measured level of critical gas is 

greater than said first predetermined threshold.

As an alternative or complement, it may be provided that:

- the device further comprises at least one open, thermal decontamination station 

containing a vacuum for the open decontamination of at least one empty storage and 

transport box,

- the program saved in the execution device further contains instructions for 

detecting an open, thermal decontamination need involving a vacuum and for 

ordering the transport means and open decontamination means in order to ensure 

the open vacuum decontamination of the storage and transport box, or in order to 

ensure its quarantining.

An open, thermal decontamination station containing a vacuum refers to a 

decontamination station, such as one of the type described in the document 

WO-2009/021941. A storage and transport box, empty of any substrates, is placed 

within the decontamination station. After steps of washing and drying, the surfaces 

of the box are subjected to the combined action of subatmospheric gas pressure and 

infrared radiation

Advantageously, the program saved in the execution device may contain 

instructions for ordering the analysis of the gases within the empty, closed storage 

and transport box after a waiting time following its being cleaned, to convey the 

empty storage and transport box into an open, thermal decontamination station 

containing a vacuum for desorption for a period of time less than 5 hours, 

preferentially between 2 and 5 hours, if the measured level of a critical gas in the 

storage and transport box is between a second predetermined threshold and a third 

predetermined threshold, and to convey the storage and transport box into the open, 

thermal decontamination station containing a vacuum for desorption for a period of 

time greater than 10 hours, preferentially between 10 and 20 hours, if the measured 

level of critical gas is greater than the third predetermined threshold.

An "internal decontamination station which contains a vacuum when closed" refers to a decontamination
station, such as one of the type described in the document WO-2007/135347. A closed storage and
transport box, whether or not containing substrates, is placed within the decontamination station, and the
gas contained within the station is pumped out. As the storage and transport box normally comprises an
outlet, the gases contained within the storage and transport box are simultaneously pumped out, thereby
ensuring the total or partial evacuation of contaminants.  - 7 -           In practice, the program saved in the
execution device may contain instructions for ordering the analysis of the gases contained within a
storage and transport box at the outlet of a substrate processing equipment, to convey the storage and
transport box to the storage means if the level of the critical gas, such as HF, measured by the gas
analysis means, is less than a first predetermined threshold, and to convey the storage and transport box
to an internal decontamination station containing a vacuum if the measured level of critical gas is greater
than said first predetermined threshold. As an alternative or complement, it may be provided that: - the
device further comprises at least one open, thermal decontamination station containing a vacuum for the
open decontamination of at least one empty storage and transport box, - the program saved in the
execution device further contains instructions for detecting an open, thermal decontamination need
involving a vacuum and for ordering the transport means and open decontamination means in order to
ensure the open vacuum decontamination of the storage and transport box, or in order to ensure its
quarantining.          An open, thermal decontamination station containing a vacuum refers to a
decontamination station, such as one of the type described in the document WO-2009/021941. A storage
and transport box, empty of any substrates, is placed within the decontamination station. After steps of
washing and drying, the surfaces of the box are subjected to the combined action of subatmospheric gas
pressure and infrared radiation          Advantageously, the program saved in the execution device may
contain instructions for ordering the analysis of the gases within the empty, closed storage and transport
box after a waiting time following its being cleaned, to convey the empty storage and transport box into an
open, thermal decontamination station containing a vacuum for desorption for a period of time less than 5
hours, preferentially between 2 and 5 hours, if the measured level of a critical gas in the storage and
transport box is between a second predetermined threshold and a third predetermined threshold, and to
convey the storage and transport box into the open, thermal decontamination station containing a vacuum
for desorption for a period of time greater than 10 hours, preferentially between 10 and 20 hours, if the
measured level of critical gas is greater than the third predetermined threshold.  - 8 - 
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In this manner, the decontamination steps can be controlled, their 

duration can be optimized, and their effect and sufficiency may be verified efficiently.

With respect to the method for handling substrates according to a second 

aspect of the invention, it may advantageously be provided that, after a step of 

processing, the storage and transport box is internally decontaminated in a vacuum 

while closed if the measured level of a critical gas, such as HF, in the internal 

atmosphere of the storage and transport box is greater than a first predetermined 

threshold.

In this situation, after a step of cleaning, the storage and transport box 

may be thermally decontaminated in a vacuum while open for a period of time less 

than 5 hours, preferentially between 2 and 5 hours, if the measured level of a critical 

gas in the empty, closed storage and transport box is, after a wait time longer than 2 

hours, between a second predetermined threshold and a third predetermined 

threshold, and for a period of time longer than 10 hours, preferentially between 10 

and 20 hours, if said measured level of critical gas is greater than the third 

predetermined threshold.

It may advantageously be provided for there to be a step of learning in 

order to determine the permissible limits of critical gas quantities past which defects 

may appear in the products manufactured by the method.

It may also be provided that the step of analyzing the gases in the internal 

atmosphere of a storage and transport box is carried out periodically during its 

storage in the storage means.

Other objects, characteristics, and benefits of the present invention will 

become apparent from the following description of particular embodiments, made 

with reference to the attached figures, in which:

- Figure 1 is a functional schematic view of a semiconductor manufacturing unit 

according to one particular embodiment of the present invention,

- Figure 2 is a synoptic diagram illustrating the decision-making regarding the 

movement of a storage and transport box between two steps of a method, according 

to one embodiment of the present invention, 

- Figure 3 is a synoptic diagram illustrating the decision-making regarding the 

movement of an empty storage and transport box as a function of the 

decontamination needs after washing, and 

In this manner, the decontamination steps can be controlled, their duration can be optimized, and their
effect and sufficiency may be verified efficiently.           With respect to the method for handling substrates
according to a second aspect of the invention, it may advantageously be provided that, after a step of
processing, the storage and transport box is internally decontaminated in a vacuum while closed if the
measured level of a critical gas, such as HF, in the internal atmosphere of the storage and transport box
is greater than a first predetermined threshold.            In this situation, after a step of cleaning, the storage
and transport box may be thermally decontaminated in a vacuum while open for a period of time less than
5 hours, preferentially between 2 and 5 hours, if the measured level of a critical gas in the empty, closed
storage and transport box is, after a wait time longer than 2 hours, between a second predetermined
threshold and a third predetermined threshold, and for a period of time longer than 10 hours, preferentially
between 10 and 20 hours, if said measured level of critical gas is greater than the third predetermined
threshold.            It may advantageously be provided for there to be a step of learning in order to
determine the permissible limits of critical gas quantities past which defects may appear in the products
manufactured by the method.            It may also be provided that the step of analyzing the gases in the
internal atmosphere of a storage and transport box is carried out periodically during its storage in the
storage means.           Other objects, characteristics, and benefits of the present invention will become
apparent from the following description of particular embodiments, made with reference to the attached
figures, in which: - Figure 1 is a functional schematic view of a semiconductor manufacturing unit
according to one particular embodiment of the present invention, - Figure 2 is a synoptic diagram
illustrating the decision-making regarding the movement of a storage and transport box between two
steps of a method, according to one embodiment of the present invention, - Figure 3 is a synoptic
diagram illustrating the decision-making regarding the movement of an empty storage and transport box
as a function of the decontamination needs after washing, and  -9- 
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- Figure 4 illustrates a storage means equipped with a contamination measurement 

device and a transfer robot, according to one embodiment of the present invention. 

First, we shall examine the schematic diagram in Figure 1, incorporating a 

substrate-handling device according to one embodiment of the invention. Thus, a 

semiconductor manufacturing unit 1 is distinguished, having a plurality of substrate 

processing equipments 2a, 2b, 2c, 2d, 2e, and 2f, the number of which is given 

purely as an example. Each processing equipment 2a-2f may comprise a reactor for 

depositing or etching, making it possible to execute in a sequence various steps of 

processing semiconductor substrate batches.

The semiconductor manufacturing unit 1 further comprises substrate 

storage means 3, substrate transport means 4, and a manufacturing execution 

system MES which is functionally related with the substrate processing 

equipment 2a-2f, the substrate storage means 3, and the substrate transport means 

4. In the embodiment depicted in Figure 1, the semiconductor manufacturing unit 1 

further comprises a gas analysis device 5, an internal decontamination station 

containing a vacuum 6, and an open thermal decontamination station containing a 

vacuum 7.

The manufacturing execution system MES comprises an execution device 

8 with a processor and saved program, capable of piloting the transport means 4 

and the storage means 3 as a function of signals that it receives from the gas 

analysis device 5.

Finally, a reject device 9 may be distinguished, into which may be directed 

storage and transport boxes declared unfit for use by the gas analysis device.

Figure 1 is a purely schematic depiction of a semi conductor 

manufacturing plant 1. The number of processing equipments 2a-2f may be very 

different from six, depending on the plant capacity. The substrates storage means 3 

may be centralized, as depicted in Figure 1. As an alternative or complement, they 

may be distributed into multiple storage areas. The gas analysis means 5 may be 

greater in number, for example distributed at the output of certain substrate 

processing equipments 2a 2f, integrated into one or more substrates storage means 

3, or coupled to one or more decontamination stations 6 or 7.

The substrates to be processed are divided into batches each contained 

within a storage and transport box 10a-10e.

-  Figure 4 illustrates a storage means equipped with a contamination measurement device and a transfer
robot, according to one embodiment of the present invention.           First, we shall examine the schematic
diagram in Figure 1, incorporating a substrate-handling device according to one embodiment of the
invention. Thus, a semiconductor manufacturing unit 1 is distinguished, having a plurality of substrate
processing equipments 2a, 2b, 2c, 2d, 2e, and 2f, the number of which is given purely as an example.
Each processing equipment 2a-2f may comprise a reactor for depositing or etching, making it possible to
execute in a sequence various steps of processing semiconductor substrate batches.          The
semiconductor manufacturing unit 1 further comprises substrate storage means 3, substrate transport
means 4, and a manufacturing execution system MES which is functionally related with the substrate
processing equipment 2a-2f, the substrate storage means 3, and the substrate transport means 4. In the
embodiment depicted in Figure 1, the semiconductor manufacturing unit 1 further comprises a gas
analysis device 5, an internal decontamination station containing a vacuum 6, and an open thermal
decontamination station containing a vacuum 7.          The manufacturing execution system MES
comprises an execution device 8 with a processor and saved program, capable of piloting the transport
means 4 and the storage means 3 as a function of signals that it receives from the gas analysis device 5.
Finally, a reject device 9 may be distinguished, into which may be directed storage and transport boxes
declared unfit for use by the gas analysis device.           Figure 1 is a purely schematic depiction of a semi
conductor manufacturing plant 1. The number of processing equipments 2a-2f may be very different from
six, depending on the plant capacity. The substrates storage means 3 may be centralized, as depicted in
Figure 1. As an alternative or complement, they may be distributed into multiple storage areas. The gas
analysis means 5 may be greater in number, for example distributed at the output of certain substrate
processing equipments 2a 2f, integrated into one or more substrates storage means 3, or coupled to one
or more decontamination stations 6 or 7.          The substrates to be processed are divided into batches
each contained within a storage and transport box 10a-10e.  - 10 -          The storage and transport boxes
10a-10e contain an internal atmosphere and potentially one or more substrates such as a semiconductor
wafers. The storage and transport boxes 10a-10e each define an enclosed space which is separated from
the environment in which the substrates are used and transported, by a peripheral wall equipped with an
opening for bringing substrates through that is covered by a door.          In particular, a distinction is made
between front-opening standardized substrate transport and storage pods know as FOUPs ("Front
Opening Unified Pod"), or bottom-opening pods known as SMIFs ("Standard Mechanical Interface Pod"),
standardized photomask transport and storage pods known as RSPs ("Retical SMIF Pod"), and substrate
transport pods for the solar power industry. 
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The storage and transport boxes 10a-10e contain an internal atmosphere 

and potentially one or more substrates such as a semiconductor wafers. The storage 

and transport boxes 10a-10e each define an enclosed space which is separated 

from the environment in which the substrates are used and transported, by a 

peripheral wall equipped with an opening for bringing substrates through that is 

covered by a door.

In particular, a distinction is made between front-opening standardized 

substrate transport and storage pods know as FOUPs ("Front Opening Unified 

Pod"), or bottom-opening pods known as SMIFs ("Standard Mechanical Interface 

Pod"), standardized photomask transport and storage pods known as RSPs ("Retical 

SMIF Pod"), and substrate transport pods for the solar power industry.

In general, these storage and transport pods contain an internal 

atmosphere at atmospheric pressure, and are intended to remain within the 

atmospheric pressure of the atmosphere present within the semiconductor 

manufacturing plant 1.

Pods may also be planned to be stored in a vacuum, if necessary.

These the storage and transport pods 10a-10e are made of materials 

such as polycarbonate, which may in some cases contain concentrations of organic, 

basic, amino, acidic, and doping contaminants (AMCs), which may result from the 

manufacture of the storage and transport boxes themselves and/or the way they are 

used.

Figure 1 shows the storage and transport pods 10a-10e, distributed into 

different stations or parts of the device.

During a method of manufacturing semiconductors or micro-

electromechanical systems, the substrates undergo a large number of processing 

steps which are carried out in the substrate processing equipments 2a-2f. A single 

substrate processing equipment cannot carry out all of the operations. It is therefore 

necessary to periodically transport the batches of substrates from one substrate 

processing equipment to another.

As the durations of the processing steps are different in the various 

substrate processing equipments 2a-2f, and the steps carried out by each substrate 

processing equipment 2a-2f are not the same in number, is necessary to provide 

"buffer zones" by storing the substrates in substrate storage means 3.

Thus, the substrate transport means 4 make it possible to transport the 

substrate storage and transport boxes 10a-10e within the semiconductor 

manufacturing plant 1. These substrate transport means 4 may, for example, 

In general, these storage and transport pods contain an internal atmosphere at atmospheric pressure,
and are intended to remain within the atmospheric pressure of the atmosphere present within the
semiconductor manufacturing plant 1. Pods may also be planned to be stored in a vacuum, if necessary.
These the storage and transport pods 10a-10e are made of materials such as polycarbonate, which may
in some cases contain concentrations of organic, basic, amino, acidic, and doping contaminants (AMCs),
which may result from the manufacture of the storage and transport boxes themselves and/or the way
they are used.          Figure 1 shows the storage and transport pods 10a-10e, distributed into different
stations or parts of the device.          During a method of manufacturing semiconductors or
micro-electromechanical systems, the substrates undergo a large number of processing steps which are
carried out in the substrate processing equipments 2a-2f. A single substrate processing equipment cannot
carry out all of the operations. It is therefore necessary to periodically transport the batches of substrates
from one substrate processing equipment to another.          As the durations of the processing steps are
different in the various substrate processing equipments 2a-2f, and the steps carried out by each
substrate processing equipment 2a-2f are not the same in number, is necessary to provide "buffer zones"
by storing the substrates in substrate storage means 3.          Thus, the substrate transport means 4 make
it possible to transport the substrate storage and transport boxes 10a-10e within the semiconductor
manufacturing plant 1. These substrate transport means 4 may, for example,  comprise a plurality of
shuttles 4a for transporting a plurality of storage and transport boxes such as the box 10b, and a transport
system 4b defining paths of movement for moving the shuttles 4a within the semiconductor manufacturing
plant 1.          The substrate storage means 3 are capable of storing a plurality of substrate storage and
transport boxes such as the box 10a, and comprise a storage areas and an internal box handling means
between the storage areas and input-output areas.           Figure 4 schematically depicts such substrate
storage means 3, with storage shelves such as the shelf 3a, and with a transfer robot 3b to an
input-output area 3c. 
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comprise a plurality of shuttles 4a for transporting a plurality of storage and transport 

boxes such as the box 10b, and a transport system 4b defining paths of movement 

for moving the shuttles 4a within the semiconductor manufacturing plant 1.

The substrate storage means 3 are capable of storing a plurality of 

substrate storage and transport boxes such as the box 10a, and comprise a storage 

areas and an internal box handling means between the storage areas and input-

output areas. 

Figure 4 schematically depicts such substrate storage means 3, with 

storage shelves such as the shelf 3a, and with a transfer robot 3b to an input-output 

area 3c.

The gas analysis device 5, depicted in Figure 1, may, for example, 

in FOUP storage and transport boxes, be a device as described in the document 

EP-1,703,547. 

In the gas analysis device 5, the internal atmosphere of the storage and 

transport box 10c is brought in contact with the IMS (“Ion Mobility Spectrometer“) or 

IAMS (“Ion Attachment Mass Spectrometer“) gas analysis cell. In IMS technology, a

sample of gas coming from the internal atmosphere of the storage and transport box 

is introduced to the reactive part of the tube, where the molecules undergo 

ionization, for example through electron bombardment. The ions resulting from the 

cracking of the molecules are injected into a region where ion movement occurs, in 

order to analyze their mobility. Mobility is determined by the speed achieved by the 

positive and then negative ions in an electrical field. The produced ions are attracted 

by an electrode which generates electrical current. This electrical current is then 

treated to obtain the concentration of gases (in ppbv).

In Figure 1, the schematically depicted device comprises two types of 

decontamination stations 6 and 7.

The first type of decontamination station 6 is an internal decontamination 

station containing a vacuum while closed, for the internal decontamination of at least 

one storage and transport box 10d that may or may not contain a batch of 

substrates. In this situation, a decontamination stations such as the one described in 

the document WO-2007/135347 may, for example, be used. The internal 

decontamination station 6 comprises a sealed chamber with gas-introduction means 

and gas-pumping means. The closed storage and transport box 10c is placed within 

the sealed chamber, and the gas contained within the sealed chamber is pumped 

out. Because the storage and transport box 10c normally comprises an outlet, as is 

The gas analysis device 5, depicted in Figure 1, may, for example, in FOUP storage and transport boxes,
be a device as described in the document EP-1,703,547.           In the gas analysis device 5, the internal
atmosphere of the storage and transport box 10c is brought in contact with the IMS ("Ion Mobility
Spectrometer") or IAMS ("Ion Attachment Mass Spectrometer") gas analysis cell. In IMS technology, a
sample of gas coming from the internal atmosphere of the storage and transport box is introduced to the
reactive part of the tube, where the molecules undergo ionization, for example through electron
bombardment. The ions resulting from the cracking of the molecules are injected into a region where ion
movement occurs, in order to analyze their mobility. Mobility is determined by the speed achieved by the
positive and then negative ions in an electrical field. The produced ions are attracted by an electrode
which generates electrical current. This electrical current is then treated to obtain the concentration of
gases (in ppbv).           In Figure 1, the schematically depicted device comprises two types of
decontamination stations 6 and 7.          The first type of decontamination station 6 is an internal
decontamination station containing a vacuum while closed, for the internal decontamination of at least
one storage and transport box 10d that may or may not contain a batch of substrates. In this situation, a
decontamination stations such as the one described in the document WO-2007/135347 may, for example,
be used. The internal decontamination station 6 comprises a sealed chamber with gas-introduction
means and gas-pumping means. The closed storage and transport box 10c is placed within the sealed
chamber, and the gas contained within the sealed chamber is pumped out. Because the storage and
transport box 10c normally comprises an outlet, as is  - 1 2 - true for FOUP boxes, the pumping
simultaneously sucks out the gases contained within the storage and transport box 10c, ensuring the total
or partial evacuation of the gasborne contaminants within the box internal atmosphere.           The internal
decontamination station 6 may itself comprise pumped gas analysis means, particularly for making it
possible to establish the contamination origin and to monitor the quality of the storage and transport box
10c.           The step of decontamination within the internal decontamination station 6 may be automated,
triggered by the reading of signals coming from the gas analysis device 5 into which the storage and
transport box 10d had previously been inserted.           The second type of decontamination station 7 is an
open thermal decontamination station containing a vacuum, capable of decontaminating an open storage
and transport box be that is empty of substrate batches. In this situation, a station as described in the
document WO-2009/021941 may, for example, be used.            In such an open decontamination station
7, the decontamination of the storage and transport boxes be is ensured after they are washed with a
liquid such as deionized water. This step of washing, which lasts from 5 to 7 minutes, is followed by a
step of drying. During this step of drying, the box surfaces are subjected to the combined action of
subatmospheric gas pressure and infrared radiation, with the storage and transport box 10a being open.
Thus, at least most of the contaminants present on the surface or even in the mass of the storage and
transport box be are thereby eliminated. 



- 12 -

true for FOUP boxes, the pumping simultaneously sucks out the gases contained 

within the storage and transport box 10c, ensuring the total or partial evacuation of 

the gasborne contaminants within the box internal atmosphere.

The internal decontamination station 6 may itself comprise pumped gas 

analysis means, particularly for making it possible to establish the contamination 

origin and to monitor the quality of the storage and transport box 10c.

The step of decontamination within the internal decontamination station 6 

may be automated, triggered by the reading of signals coming from the gas analysis 

device 5 into which the storage and transport box 10d had previously been inserted.

The second type of decontamination station 7 is an open thermal 

decontamination station containing a vacuum, capable of decontaminating an open 

storage and transport box 10e that is empty of substrate batches. In this situation, a 

station as described in the document WO-2009/021941 may, for example, be used. 

In such an open decontamination station 7, the decontamination of the 

storage and transport boxes 10e is ensured after they are washed with a liquid such 

as deionized water. This step of washing, which lasts from 5 to 7 minutes, is 

followed by a step of drying. During this step of drying, the box surfaces are 

subjected to the combined action of subatmospheric gas pressure and infrared 

radiation, with the storage and transport box 10a being open. Thus, at least most of 

the contaminants present on the surface or even in the mass of the storage and 

transport box 10e are thereby eliminated.

According to the invention, the decision of where to transfer a storage and 

transport box and the batch of substrates that it contains is made dynamically based 

on the measurement of the dose of critical gas present within the storage and 

transport box. This decision-making is carried out in principle during each processing 

step of the method of manufacture, meaning between the steps n and n+1.

Figure 2 depicts such decision-making, in one embodiment according to 

the present invention. Decision-making may be used at each transition between two 

successive steps, or only during certain transitions between successive steps.

In the embodiment of Figure 2, when the storage and transport box comes 

out of a substrate processing equipment that executed the step n (100), the 

substrate transport means 4 (Figure 1) insert it into a gas analysis device 5. The gas 

analysis device 5 produces the analysis of critical gases, meaning the gas is able to 

generate contaminants affecting the substrates contained within the storage and 

According to the invention, the decision of where to transfer a storage and transport box and the batch of
substrates that it contains is made dynamically based on the measurement of the dose of critical gas
present within the storage and transport box. This decision-making is carried out in principle during each
processing step of the method of manufacture, meaning between the steps n and n+1.            Figure 2
depicts such decision-making, in one embodiment according to the present invention. Decision-making
may be used at each transition between two successive steps, or only during certain transitions between
successive steps.            In the embodiment of Figure 2, when the storage and transport box comes out of
a substrate processing equipment that executed the step n (100), the substrate transport means 4 (Figure
1) insert it into a gas analysis device 5. The gas analysis device 5 produces the analysis of critical gases,
meaning the gas is able to generate contaminants affecting the substrates contained within the storage
and  -13- transport box, and compares the results of the analysis to predetermined critical gas
concentration limits.           In the most common event, if the concentration of at least one critical gas less
than a first threshold lim 1, the order is given to the substrate transport means 40 to transport the storage
and transport box to an atmospheric storage device 3. When the time comes, the transport means 4
pickup the storage and transport box within the atmospheric storage means 3, and take it to the substrate
processing equipment capable of carrying out step n+1 (101).           In the event that the gas analysis
device 5 detects that the concentration of at least one critical gas is greater than the first threshold lim 1,
the substrate transport means take the storage and transport box into an internal decontamination station
containing a vacuum 6. After internal decontamination, if the internal decontamination station containing a
vacuum 6 is itself equipped with a control means involving measuring critical gases, it may directly send
the storage and transport box into the atmospheric storage means 3. Failing which, the internal
decontamination station containing a vacuum 6 may send the storage and transport box back into the gas
analysis device 5, to check the effectiveness of the decontamination.           In a semiconductor
manufacturing plant, the storage and transport boxes are emptied out and washed periodically. They
must then be dried, and the polluting traces of washing liquids must be eliminated. After a drying period,
they are closed. The invention makes it possible to check their state of internal contamination, through a
step of gas analysis in a gas analysis device 5, which leads to a decision being made as depicted in
Figure 3.           If the concentration of at least one critical gas detected by the gas analysis device 5
reaches certain limits, the order is given to the substrate transport means 4 to send the storage and
transport box either into the atmospheric storage means 3, for use in the production cycle after inserting a
substrate batch, or into a reject area 9, or to an open thermal decontamination station 7.           For
example, this means checking an empty FOUP storage and transport box after it is cleaned. 
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transport box, and compares the results of the analysis to predetermined critical gas 

concentration limits.

In the most common event, if the concentration of at least one critical gas 

less than a first threshold lim 1, the order is given to the substrate transport means 

40 to transport the storage and transport box to an atmospheric storage device 3. 

When the time comes, the transport means 4 pickup the storage and transport box 

within the atmospheric storage means 3, and take it to the substrate processing 

equipment capable of carrying out step n+1 (101).

In the event that the gas analysis device 5 detects that the concentration 

of at least one critical gas is greater than the first threshold lim 1, the substrate 

transport means take the storage and transport box into an internal decontamination 

station containing a vacuum 6. After internal decontamination, if the internal 

decontamination station containing a vacuum 6 is itself equipped with a control 

means involving measuring critical gases, it may directly send the storage and 

transport box into the atmospheric storage means 3. Failing which, the internal 

decontamination station containing a vacuum 6 may send the storage and transport 

box back into the gas analysis device 5, to check the effectiveness of the 

decontamination.

In a semiconductor manufacturing plant, the storage and transport boxes 

are emptied out and washed periodically. They must then be dried, and the polluting 

traces of washing liquids must be eliminated. After a drying period, they are closed. 

The invention makes it possible to check their state of internal contamination, 

through a step of gas analysis in a gas analysis device 5, which leads to a decision 

being made as depicted in Figure 3.

If the concentration of at least one critical gas detected by the gas 

analysis device 5 reaches certain limits, the order is given to the substrate transport 

means 4 to send the storage and transport box either into the atmospheric storage 

means 3, for use in the production cycle after inserting a substrate batch, or into a 

reject area 9, or to an open thermal decontamination station 7. 

For example, this means checking an empty FOUP storage and transport 

box after it is cleaned.

It is known that the mean level of acid in a clean room is less than 

0.5 ppbv. It has been noted that the mean level of acid contained in an empty FOUP 

storage and transport box, meaning one which has no batches of substrates in it, is 

It is known that the mean level of acid in a clean room is less than 0.5 ppbv. It has been noted that the
mean level of acid contained in an empty FOUP storage and transport box, meaning one which has no
batches of substrates in it, is  - 1 4 - greater, such as by about 1 ppbv. The difference is due to the acid
degassing by the box material.           The acidity of the internal atmosphere of the storage and transport
box is therefore measured.            If the measured value of acid is less than a second threshold lim 2, for
example on the order of 3 ppbv, it is decided that this level is satisfactory, and the box re-enters the
production flow.            If the measured value of acid is greater than a second threshold lim 2 and less
than a third threshold lim 3, for example on the order of 6 ppbv, the box is sent to the open
decontamination station 7 for desorption for a duration shorter than 5 hours, for example about 4 hours.
If the measured value of acid is greater than the third threshold, lim 3, the box is sent to the open
decontamination station 7 for desorption for a duration longer than 10 hours, for example on the other of
15 hours. For an even greater measured value, one may send the box in the reject area 9.           The
measurement cannot be made immediately after cleaning, as the box has just been closed again and
therefore mainly contains air from the clean room. It is necessary to wait at least 2 hours. 
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greater, such as by about 1 ppbv. The difference is due to the acid degassing by the 

box material.

The acidity of the internal atmosphere of the storage and transport box is 

therefore measured.

If the measured value of acid is less than a second threshold lim 2, for 

example on the order of 3 ppbv, it is decided that this level is satisfactory, and the 

box re-enters the production flow.

If the measured value of acid is greater than a second threshold lim 2 and 

less than a third threshold lim 3, for example on the order of 6 ppbv, the box is sent 

to the open decontamination station 7 for desorption for a duration shorter 

than 5 hours, for example about 4 hours.

If the measured value of acid is greater than the third threshold, lim 3, the 

box is sent to the open decontamination station 7 for desorption for a duration longer 

than 10 hours, for example on the other of 15 hours.

For an even greater measured value, one may send the box in the reject 

area 9.

The measurement cannot be made immediately after cleaning, as the box 

has just been closed again and therefore mainly contains air from the clean room. It 

is necessary to wait at least 2 hours.

After open decontamination, the storage and transport box may potentially 

be filled with a batch of substrates and sent again to the gas analysis device 5, to 

decide whether to send it back to the atmospheric storage means 3 or to the internal 

decontamination station 6.

Storage and transport box containing substrates having ultrasensitive 

surface and which cannot withstand the atmosphere must be stored in a vacuum 

throughout the waiting time. In this case, intermediate storage is provided within 

vacuum storage means 30 depicted in Figure 2.

In the event that storing a storage and transport box in atmospheric 

storage means 3 exceeds a maximum predetermined waiting time, it may be 

provided to automatically place the storage and transport box back into a gas 

analysis device 5, to verify that the exaggeratedly long storage time has not increase 

the contamination past a maximum permissible value.

In this case, it is advantageous to provide a gas analysis device 5 

integrated directly into the storage means 3 as described, for example, in Figure 4: 

an inlet load lock 3d containing a gas analysis device 5a is distinguished, making it 

After open decontamination, the storage and transport box may potentially be filled with a batch of
substrates and sent again to the gas analysis device 5, to decide whether to send it back to the
atmospheric storage means 3 or to the internal decontamination station 6.           Storage and transport
box containing substrates having ultrasensitive surface and which cannot withstand the atmosphere must
be stored in a vacuum throughout the waiting time. In this case, intermediate storage is provided within
vacuum storage means 30 depicted in Figure 2.            In the event that storing a storage and transport
box in atmospheric storage means 3 exceeds a maximum predetermined waiting time, it may be provided
to automatically place the storage and transport box back into a gas analysis device 5, to verify that the
exaggeratedly long storage time has not increase the contamination past a maximum permissible value.
In this case, it is advantageous to provide a gas analysis device 5 integrated directly into the storage
means 3 as described, for example, in Figure 4: an inlet load lock 3d containing a gas analysis device 5a
is distinguished, making it  -15- possible to periodically check the storage and transport boxes contained
in storage means 3.            In practice, the decisions between the steps n (100) and n+1 (101) are made
automatically by a program saved in the execution device 8 which may itself be integrated into the
manufacturing execution system (MES).            In other words, the manufacturing execution system
(MES) is functionally connected to the substrate processing equipment 2a-2f, but also to the substrate
storage means 3, to the substrate transport means 4, to the gas analysis device 5, and to the
decontamination stations 6 and 7.           The program saved in the execution device 8 contains
instructions for generating and scanning the analysis signals that come from the gas analysis device(s) 5,
instructions for making a comparison between the analysis signals and preset threshold values such as
lim 1, lim 2, and lim 3, and instructions for controlling the transport means 4 and the storage means 3 as a
function of the result of this comparison.           To further increase the flexibility and reliability of the
inventive substrate-handling device, it may further be provided that the program saved in the execution
device 8 contains an algorithm that simulates the foreseeable change in pollution within the substrate
storage and transport box as a function of the analysis signals. This simulation can involve the chemical
reaction capabilities of the contaminant gases, the possible presence of any multiple contaminants, the
nature of the substrates present in the storage and transport box. 
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possible to periodically check the storage and transport boxes contained in storage 

means 3.

In practice, the decisions between the steps n (100) and n+1 (101) are 

made automatically by a program saved in the execution device 8 which may itself 

be integrated into the manufacturing execution system (MES).

In other words, the manufacturing execution system (MES) is functionally 

connected to the substrate processing equipment 2a-2f, but also to the substrate 

storage means 3, to the substrate transport means 4, to the gas analysis device 5, 

and to the decontamination stations 6 and 7.

The program saved in the execution device 8 contains instructions for 

generating and scanning the analysis signals that come from the gas analysis 

device(s) 5, instructions for making a comparison between the analysis signals and 

preset threshold values such as lim 1, lim 2, and lim 3, and instructions for 

controlling the transport means 4 and the storage means 3 as a function of the result 

of this comparison. 

To further increase the flexibility and reliability of the inventive substrate-

handling device, it may further be provided that the program saved in the execution 

device 8 contains an algorithm that simulates the foreseeable change in pollution 

within the substrate storage and transport box as a function of the analysis signals.

This simulation can involve the chemical reaction capabilities of the contaminant 

gases, the possible presence of any multiple contaminants, the nature of the 

substrates present in the storage and transport box.

It is understood that the decisions made must take into account the nature 

of the substrates to be treated, and the succession of steps that the substrates 

undergo, as these steps determine whether contaminating bodies are introduced. 

Thus, when qualifying a new product to be manufactured, learning will be necessary 

to determine the limits lim 1, lim 2, and lim 3 past which decontamination or reject 

operations are necessary, meaning past which defects may appear on the 

manufactured product.

With respect to the determination of the thresholds lim 2 and lim 3 in 

particular, a statistical analysis may advantageously be conducted. A population of 

empty storage and transport boxes in the semiconductor manufacturing plant 1 is 

now considered, their respective concentrations of critical gas are measured, by 

calculating their mean M and their standard deviation σ. The value lim 2 may, for 

It is understood that the decisions made must take into account the nature of the substrates to be treated,
and the succession of steps that the substrates undergo, as these steps determine whether
contaminating bodies are introduced. Thus, when qualifying a new product to be manufactured, learning
will be necessary to determine the limits lim 1, lim 2, and lim 3 past which decontamination or reject
operations are necessary, meaning past which defects may appear on the manufactured product.
With respect to the determination of the thresholds lim 2 and lim 3 in particular, a statistical analysis may
advantageously be conducted. A population of empty storage and transport boxes in the semiconductor
manufacturing plant 1 is now considered, their respective concentrations of critical gas are measured, by
calculating their mean M and their standard deviation a. The value lim 2 may, for  - 1 6 - example, may be
chosen as equal to: lim 2 = M + 3a. The value lim 3 may, for example, may be chosen as equal to: lim 3 =
M + 6a.           The positive effect of internal vacuum decontamination has been noted. When
manufacturing electronic chips, for the metallic levels between when the lines are etched and when they
are filled with copper, crystallization problems appear during the wait time after etching. These problems
are due to the presence of fluoridated species which degas the substrate, and the presence of humidity in
the clean room. By using internal vacuum decontamination, after etching the lines, the crystals do not
appear, even if the wait time after vacuum-purging of the box is 20 hours. The result is greater flexibility in
choosing how to move batches of substrates, as the duration of storage may be increased without risk of
contamination.           The present invention is not limited to the embodiments that have been explicitly
described; rather, it includes any variations and generalizations within the reach of a person skilled in the
art.  - 17 - CLAIMS 1. A device for handling substrates within a semiconductor manufacturing plant having
substrate processing equipments, substrate storage means, substrate transport means, and a
manufacturing execution system functionally related with the substrate processing equipments, with the
substrate storage means and with the substrate transport means, comprising: 
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example, may be chosen as equal to: lim 2 = M + 3σ. The value lim 3 may, for 

example, may be chosen as equal to: lim 3 = M + 6σ.

The positive effect of internal vacuum decontamination has been noted. 

When manufacturing electronic chips, for the metallic levels between when the lines 

are etched and when they are filled with copper, crystallization problems appear 

during the wait time after etching. These problems are due to the presence of 

fluoridated species which degas the substrate, and the presence of humidity in the 

clean room. By using internal vacuum decontamination, after etching the lines, the 

crystals do not appear, even if the wait time after vacuum-purging of the box is 20 

hours. The result is greater flexibility in choosing how to move batches of substrates, 

as the duration of storage may be increased without risk of contamination.

The present invention is not limited to the embodiments that have been 

explicitly described; rather, it includes any variations and generalizations within the 

reach of a person skilled in the art.

- at least one substrate storage and transport box that is transported by the transport means and stored in
the storage means, - at least one gas analysis device of the gases forming the internal atmosphere of the
substrate storage and transport box, which produces analysis signals representative of the quantity of the
critical gas that is able to generate molecular contamination, which is present in the storage and transport
box, - an execution device which pilots the transport means and the storage means, with the execution
device comprising instructions for detecting a molecular decontamination need as a function of analysis
signals emitted by the gas analysis device. 2. A device according to claim 1, wherein the execution device
is incorporated into the manufacturing execution system. 3. A device according to one of the claims 1 and
2, wherein the program saved in the execution device contains: - instructions for producing and scanning
the analysis signals, - instructions for carrying out a comparison between the analysis signals and
recorded threshold values, - instructions for piloting the transport means and the storage means
depending on the result of this comparison. 4.A device according to claim 3, wherein: - the program saved
in the execution device further contains an algorithm for simulating the foreseeable change in
contamination within the substrate storage and transport box as a function of analysis signals, - the
instructions for piloting the transport means and the storage means act as a function of the simulation
result. 
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CLAIMS

1. A device for handling substrates within a semiconductor manufacturing plant 

having substrate processing equipments, substrate storage means, 

substrate transport means, and a manufacturing execution system 

functionally related with the substrate processing equipments, with the 

substrate storage means and with the substrate transport means, 

comprising:

- at least one substrate storage and transport box that is transported by the transport 

means and stored in the storage means,

- at least one gas analysis device of the gases forming the internal atmosphere of 

the substrate storage and transport box, which produces analysis signals 

representative of the quantity of the critical gas that is able to generate molecular 

contamination, which is present in the storage and transport box, 

- an execution device which pilots the transport means and the storage means, with 

the execution device comprising instructions for detecting a molecular 

decontamination need as a function of analysis signals emitted by the gas analysis 

device.

2. A device according to claim 1, wherein the execution device is incorporated 

into the manufacturing execution system.

3. A device according to one of the claims 1 and 2, wherein the program 

saved in the execution device contains:

- instructions for producing and scanning the analysis signals, 

- instructions for carrying out a comparison between the analysis signals and 

recorded threshold values,

- instructions for piloting the transport means and the storage means depending on 

the result of this comparison.

4.A device according to claim 3, wherein:

- the program saved in the execution device further contains an algorithm for 

simulating the foreseeable change in contamination within the substrate storage and 

transport box as a function of analysis signals,

- the instructions for piloting the transport means and the storage means act as a 

function of the simulation result.

-18- 5. A device according to one of the claims 1 to 4, wherein: - the device further comprises at least one
internal decontamination station which contains a vacuum when closed in order to internally
decontaminate at least one transport and storage box, - the program saved in the execution device further
contains instructions for detecting an internal decontamination need of the storage and transport box and
to command the transport means and internal decontamination means in order to ensure the internal
decontamination of the storage and transport box. 6. A device according to claim 5, wherein the program
saved in the execution device further contains instructions for ordering the analysis of the gases in a
storage and transport box at the outlet of a substrate processing equipment, to convey the storage and
transport box to the storage means if the level of a critical gas measured by the gas analysis means, is
less than a first predetermined threshold, and to convey the storage and transport box to an internal
decontamination station containing a vacuum if the measured level of critical gas is greater than said first
predetermined threshold. 7. A device according to one of the claims 1 to 6, comprising: - at least one
open, thermal decontamination station containing a vacuum for the open decontamination of at least one
empty storage and transport box, - the program saved in the execution device further contains
instructions for detecting an open, thermal decontamination need involving a vacuum and for ordering the
transport means and open decontamination means in order to ensure the open vacuum decontamination
of the storage and transport box, or in order to ensure its quarantining. 8. A device according to claim 7,
wherein the program saved in the execution device further contains instructions for ordering the analysis
of the gases in an empty storage and transport box after a waiting time following its being cleaned, to
convey the empty storage and transport box into an open, thermal decontamination station containing a
vacuum for desorption for a period of time less than 5 hours if the measured level of a critical gas in the
storage and transport box is between a second predetermined threshold and a third predetermined
threshold, and to convey the storage and transport box into the open, thermal decontamination station
containing a vacuum for  
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5. A device according to one of the claims 1 to 4, wherein:

- the device further comprises at least one internal decontamination station which 

contains a vacuum when closed in order to internally decontaminate at least one 

transport and storage box,

- the program saved in the execution device further contains instructions for 

detecting an internal decontamination need of the storage and transport box and to 

command the transport means and internal decontamination means in order to 

ensure the internal decontamination of the storage and transport box.

6. A device according to claim 5, wherein the program saved in the execution 

device further contains instructions for ordering the analysis of the gases in 

a storage and transport box at the outlet of a substrate processing 

equipment, to convey the storage and transport box to the storage means if 

the level of a critical gas measured by the gas analysis means, is less than 

a first predetermined threshold, and to convey the storage and transport box 

to an internal decontamination station containing a vacuum if the measured 

level of critical gas is greater than said first predetermined threshold.

7. A device according to one of the claims 1 to 6, comprising: 

- at least one open, thermal decontamination station containing a vacuum for the 

open decontamination of at least one empty storage and transport box, 

- the program saved in the execution device further contains instructions for 

detecting an open, thermal decontamination need involving a vacuum and for 

ordering the transport means and open decontamination means in order to ensure 

the open vacuum decontamination of the storage and transport box, or in order to 

ensure its quarantining.

8. A device according to claim 7, wherein the program saved in the execution 

device further contains instructions for ordering the analysis of the gases in 

an empty storage and transport box after a waiting time following its being 

cleaned, to convey the empty storage and transport box into an open, 

thermal decontamination station containing a vacuum for desorption for a 

period of time less than 5 hours if the measured level of a critical gas in the 

storage and transport box is between a second predetermined threshold and 

a third predetermined threshold, and to convey the storage and transport 

box into the open, thermal decontamination station containing a vacuum for 

- 1 9 - desorption for a period of time greater than 10 hours if the measured level of critical gas is greater
than the third predetermined threshold. 9. A method for handling substrates within a semiconductor
manufacturing plant, comprising the steps of: - distributing the substrates into batches each contained
within a storage and transport box, - analyzing the gases in the internal atmosphere of a storage and
transport box, - selectively directing the storage and transport box to a storage means or to a
decontamination station as a function of the result of the gas analysis. 10. A method according to claim 9,
wherein, after a step of processing, the storage and transport box is decontaminated in a vacuum while
closed if the measured level of a critical gas, in the internal atmosphere of the storage and transport box
is greater than a first predetermined threshold. 11. A method according to claim 9, wherein, after a step of
processing, the storage and transport box is decontaminated in a vacuum while open for a period of time
less than 5 hours if the measured level of a critical gas in the empty, closed storage and transport box is,
after a wait time longer than 2 hours, between a second predetermined threshold and a third
predetermined threshold, and for a period of time longer than 10 hours if said measured level of critical
gas is greater than the third predetermined threshold. 12. A method according to one of the claims 9 to
11, further comprising a step of learning in order to determine the permissible limits past which defects
may appear in the products manufactured by the method. 13. A method according to one of the claims 9
to 12, wherein the step of analyzing the gases in the internal atmosphere of a storage and transport box is
carried out periodically during its storage in the storage means. 
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desorption for a period of time greater than 10 hours if the measured level of 

critical gas is greater than the third predetermined threshold.

9. A method for handling substrates within a semiconductor manufacturing 

plant, comprising the steps of:

- distributing the substrates into batches each contained within a storage and 

transport box, 

- analyzing the gases in the internal atmosphere of a storage and transport box,

- selectively directing the storage and transport box to a storage means or to a 

decontamination station as a function of the result of the gas analysis.

10. A method according to claim 9, wherein, after a step of processing, the 

storage and transport box is decontaminated in a vacuum while closed if the 

measured level of a critical gas, in the internal atmosphere of the storage 

and transport box is greater than a first predetermined threshold.

11. A method according to claim 9, wherein, after a step of processing, the 

storage and transport box is decontaminated in a vacuum while open for a 

period of time less than 5 hours if the measured level of a critical gas in the 

empty, closed storage and transport box is, after a wait time longer than 2 

hours, between a second predetermined threshold and a third 

predetermined threshold, and for a period of time longer than 10 hours if 

said measured level of critical gas is greater than the third predetermined 

threshold.

12. A method according to one of the claims 9 to 11, further comprising a step 

of learning in order to determine the permissible limits past which defects 

may appear in the products manufactured by the method.

13. A method according to one of the claims 9 to 12, wherein the step of 

analyzing the gases in the internal atmosphere of a storage and transport 

box is carried out periodically during its storage in the storage means.


