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(57) ABSTRACT 

A mini-environment control device includes an individual 
enclosure to contain a sample and to isolate it from the 
external environment. An array of micropumps attached to 
the individual enclosure generates and maintains a con 
trolled vacuum in the individual enclosure. Transfer means 
introduce the sample into the individual enclosure and 

(21) Appl. No.: 09/729,779 _ _ _ 
extract it therefrom. The micropumps of the array of micro 

(22) Filed; Dec_ 6, 2000 pumps can be of a type employing the thermal transpiration 
effect. Temperature and pressure microsensors and a gas 

(30) Foreign Application Priority Data analyzer enable the operation of the array of micropumps to 
be controlled by an onboard microcomputer. The atmo 

Dec. 9, 1999 (FR) ......................................... .. 99 15 528 sphere surrounding a sample is therefore controlled. 
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MINI-ENVIRONMENT CONTROL SYSTEM AND 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to devices and meth 
ods for controlling the atmosphere surrounding a sample 
such as a substrate Wafer for fabricating semiconductors, for 
example, or any other item, during testing or manufacture. 

[0003] 2. Description of the Prior Art 

[0004] In the semiconductor industry, for example, sub 
strate handling systems are currently used to isolate the 
substrates from contaminating agents in White rooms. Sev 
eral substrates are placed in a common collective box 
containing nitrogen or another neutral gas under pressure, as 
taught in the documents EP 0 582 018 A or U.S. Pat. No. 
5,988,233 A. The atmosphere in the box is not controlled. 
The presence of the nitrogen or other neutral gas, Which 
requires a transient step of degassing before vacuum treat 
ment of the substrate, in an interface like that described in 
the same document EP 0 532 018 A, constitutes a problem. 
Another problem is the contamination resulting from gas 
?oWs during return to the treatment pressure, as a result of 
Which a purge device like that described in the document 
US. Pat. No. 5,988,233 A may be provided. 

[0005] In the documents US. Pat. No. 5,255,783 A and EP 
0 854 498 A, several substrates can be transported in a 
common collective box, the atmosphere in Which is at a 
reduced pressure established by an external source and 
Which can contain a substitute neutral gas. The atmosphere 
of the box is not controlled. At the very most, the document 
EP 0 854 498 A teaches continuous agitation and ?ltering of 
the internal atmosphere, and the generation of an internal 
overpressure on opening the access door. All the above 
documents encourage collective transportation of the 
samples by grouping several of them in a common collective 
box. 

[0006] Various micropump designs are knoWn in the art, 
including thermal transpiration micropumps described in the 
document US. Pat. No. 5,871,336 A When applied to 
generating vacuum in a miniature gas analyZer employing a 
mass spectrograph or other miniature sensor; thermal gas 
expansion micropumps described in the document US. Pat. 
No. 5,375,979 A; pieZo-electric membrane micropumps 
described in the document US. Pat. No. 4,938,742 A for 
pumping liquids or gases in the ?elds of medication, biol 
ogy, cooling and fuel supply; micropumps Which function by 
varying the volume of gases using Peltier-effect junctions 
described in the document U.S. Pat. No. 5,975,856 AWhen 
applied to acceleration, pressure or chemical composition 
sensors or to ?uid control in the pharmaceutical or aerospace 
industry. None of the above documents describes or suggests 
an application to controlling the atmosphere in the treatment 
of samples such as semiconductor Wafers. 

[0007] An object of the invention is to design a device for 
placing the sample in a controlled atmosphere, and main 
taining it therein, Which is as close as possible to the 
conditions under Which the sample is treated or used, and to 
eliminate or signi?cantly reduce transient steps of atmo 
sphere modi?cation and adaptation that have previously 
been necessary betWeen successive sample treatment or test 
operations. 
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[0008] The invention aims to bring the sample as close as 
possible to the conditions of use or treatment and to maintain 
it there. 

SUMMARY OF THE INVENTION 

[0009] To this end, the invention provides a method of 
testing samples or of transforming samples by etching and 
deposition, said method including a step of transporting the 
sample individually in a controlled vacuum in an individual 
enclosure. This signi?cantly reduces the risk of contaminat 
ing the samples. 

[0010] The siZe of the individual enclosure is preferably 
only slightly greater than that of the sample to be trans 
ported, so that the sample placed in the enclosure is sur 
rounded by a small volume of atmosphere constituting a 
mini-environment. 

[0011] The invention also provides a device for controlling 
the atmosphere Which surrounds a sample, notably for using 
these methods, said device including: 

[0012] a sealed individual enclosure conformed to contain 
said sample and to isolate it from the external atmosphere 
With a small volume interior atmosphere around said 
sample, 
[0013] an array of micropumps fastened to said individual 
enclosure and adapted to generate and maintain a controlled 
vacuum in said individual enclosure, said array of micro 
pumps being adapted to be connected to an electrical poWer 
Supply, 
[0014] transfer means for introducing said sample into 
said individual enclosure and extracting it therefrom. 

[0015] The above device produces a mini-environment 
around the sample, signi?cantly reducing the risk of con 
tamination of the sample. 

[0016] In a ?rst embodiment, the combination of said 
individual enclosure and said array of micropumps consti 
tutes a portable self-contained system including an internal 
electrical poWer supply for supplying poWer at least tempo 
rarily to said array of micropumps. It is therefore possible to 
move the sample betWeen tWo successive Workstations 
Without necessitating any transient degassing operation such 
as has been necessary With pressuriZed nitrogen containers. 

[0017] In another application, said combination of said 
individual enclosure and said array of micropumps is ?xed 
and constitutes a transfer chamber in a semiconductor fab 
rication installation. 

[0018] According to one advantageous facility, in particu 
lar for constituting a portable self-contained system, said 
array of micropumps comprises thermal transpiration micro 
pumps. The heat sources for producing the thermal transpi 
ration effect can be electrical resistances or Peltier-effect 
junctions. An advantage of these micropumps is that they 
have no moving parts, and therefore no parts that can be 
Worn by friction. This can therefore achieve excellent reli 
ability, and freedom from losses caused by friction. 

[0019] Also, these micropumps do not release unWanted 
particles into the atmosphere. 

[0020] Micromembrane micropumps, pieZo-electric 
micropumps or gas thermal expansion micropumps in Which 
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the gases can be heated by electrical resistances or by Peltier 
effect junctions can be used instead. 

[0021] The interior atmosphere can be controlled by tem 
perature and pressure microsensors and a gas analyZer 
controlling the micropumps via an onboard microcomputer. 

[0022] Other objects, features and advantages of the 
present invention Will emerge from the folloWing descrip 
tion of particular embodiments, Which is given With refer 
ence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a diagram shoWing in section an array of 
thermal transpiration micropumps that can be used in accor 
dance With the present invention. 

[0024] FIG. 2 is a diagrammatic vieW in section of an 
embodiment of an atmosphere control device in accordance 
With the present invention. 

[0025] FIG. 3 shoWs the use of a portable implementation 
of an atmosphere control device in accordance With the 
invention for fabricating semiconductors. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] Referring more particularly to FIG. 2, a device in 
accordance With the invention for controlling the atmo 
sphere in a mini-environment includes an individual enclo 
sure 1 With a sealed peripheral Wall 2 conformed to contain 
a sample 3 and to isolate it from the external atmosphere 
With a small volume 4 around the sample 3 inside the 
individual enclosure 1. For a semiconductor substrate Wafer, 
for example, the peripheral Wall 2 can de?ne a ?at paral 
lelepiped-shaped interior chamber Whose dimensions are 
only slightly greater than those of the substrate Wafer. 

[0027] An array of micropumps 5, attached to the indi 
vidual enclosure 1, is adapted to generate and maintain a 
controlled vacuum in the individual enclosure 1. The array 
of micropumps 5 can be connected to an electrical poWer 
supply. 

[0028] Transfer means shoWn diagrammatically as a door 
6 and a transfer plate 19, Which can be motoriZed and slides 
longitudinally as shoWn by the double-headed arroW 20, 
insert the sample 3 in the individual enclosure 1 or extract 
it therefrom. 

[0029] In the FIG. 2 embodiment, the combination of the 
individual enclosure 1 and the array of micropumps 5 is a 
portable self-contained system including an internal electri 
cal poWer supply 7 for supplying poWer at least temporarily 
to the array of micropumps 5 and its control units. Aportable 
con?guration of the device as a Whole can have a diameter 
of approximately 200 mm to approximately 500 mm, and a 
thickness from approximately 30 mm to approximately 50 
mm. 

[0030] In the FIG. 2 embodiment, the device further 
includes microsensors such as, for example, a temperature 
microsensor 8, a pressure microsensor 9, and a gas analyZer 
10, for controlling the atmosphere in the individual enclo 
sure 1 and for controlling the array of micropumps 5 via an 
onboard microcomputer 11. The microcomputer 11 is pro 
grammed to control the operation of the micropumps 5 to 
stabiliZe the atmosphere in the individual enclosure 1 around 
the sample 3. 
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[0031] In the embodiment shoWn in FIG. 1, the array of 
micropumps 5 comprises micropumps operating by the 
thermal transpiration effect. As demonstrated by Knudsen, 
thermal transpiration establishes a pressure difference 
betWeen tWo large volumes at different temperatures linked 
by a channel With very small transverse dimensions, the 
radius of Which is less than the mean free path of the 
molecules. A succession of channels and volumes can there 
fore generate a pressure difference from atmospheric pres 
sure doWn to a hard vacuum. 

[0032] Considering tWo successive chambers 12 and 13 
connected by a small-section channel 14, for example, as 
shoWn in FIG. 1, if the second chamber 13 is at a higher 
temperature than the ?rst chamber 12, for example With a 
?rst chamber 12 at 300° K and a second chamber 13 at 600° 
K, the pressure in the second chamber 13 can be 1.4 times 
greater than the pressure in the ?rst chamber 12. The ratio of 
the pressures is substantially proportional to the square root 
of the ratio of the absolute temperatures in the tWo chambers 
12 and 13. 

[0033] This effect is produced even if the channel 14 is 
short but suf?ciently long to maintain the temperature dif 
ference betWeen the tWo chambers 12 and 13. 

[0034] Clearly a plurality of chambers linseed by a plu 
rality of channels can be provided. 

[0035] Accordingly, the array of micropumpls 5 can 
advantageously comprise a succession of chambers 12, 13 
connected by channels 14 of Which at least one transverse 
dimension is approximately equal to or less than the mean 
free path of the gas molecules present in the micropumps 5, 
and With means for creating and maintaining a temperature 
difference betWeen the successive chambers 12, 13 in order 
to generate a pumping effect. 

[0036] This plurality of chambers and channels can be 
formed on substrates by micromachining processes rou 
tinely used in microtechnology. Multiple sequences (thou 
sands of sequences) can then be performed on an entire 
Wafer, Which signi?cantly increases the pumping capacity of 
the array, Which can be as high as several hundred mbar.L/s, 
With nominal and redundant sequences. It is important to 
note that there are no moving parts. 

[0037] In an array of micropumps 5 of this kind using the 
thermal transpiration effect it is necessary to create and to 
maintain a temperature difference betWeen the successive 
chambers such as the chambers 12 and 13 in order to 
generate a pumping effect. 

[0038] As shoWn to a larger scale in FIG. 2, an array of 
thermal transpiration micropumps 5 according to the inven 
tion can include a pump inlet 15 connected to the interior 
volume 4 of the individual enclosure 1 and a pump outlet 16 
connected to atmospheric pressure. The array of micro 
pumps 5 receives a gas at a loW pressure via its inlet 15 and 
exhausts the gas at atmospheric pressure via its outlet 16. 

[0039] Each of the connecting channels such as the chan 
nel 14 can have a rectangular cross section, Which is easier 
to produce by micromachining, and at least one dimension 
that is approximately equal to or less than the mean free path 
of the gas molecules under the conditions present in the 
channel 14. 

[0040] To generate the pumping effect, the means for 
creating and maintaining a temperature difference betWeen 
the successive chambers can include an electrical resistance 
17 for heating the gases in the second chamber 13. The 
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electrical resistance 17 can advantageously be disposed near 
the inlet of the second chamber 13 and fed by control and 
regulation means. 

[0041] Alternatively, the means for creating and maintain 
ing a temperature difference can include Peltier effect junc 
tions located near the inlets of the successive chambers 12 
and 13, for example. 

[0042] The substrate in Which the chambers 12 and 13 and 
the channels 14 are formed is preferably made of a semi 
conductor material such as silicon, silica, gallium arsenide 
or silicon carbide. 

[0043] For ease of manufacture, channels of rectangular 
cross section may be preferred, in Which one dimension, 
such as the Width, is approximately equal to or less than the 
mean free path of the molecules. 

[0044] The gases pumped out of the individual enclosure 
1 pass through a plurality of stages Within the array of 
micropumps 5. Because the mean free path of the molecules 
decreases as the gas pressure increases, the chambers and the 
channels can be made smaller as the gas pressure increases. 
The typical dimensions used in thermal transpiration micro 
pumps of the above kind are from a feW hundreds of microns 
to less than one micron. 

[0045] To avoid the more complex production of cham 
bers and channels With very small dimensions When the 
pressure of the gas to be exhausted is approaching atmo 
spheric pressure, an array of micropumps 5 can advanta 
geously comprise in series at least one primary stage of 
thermal transpiration effect micropumps and at least one 
secondary stage of pieZo-electric micropumps. 
[0046] FIG. 3 shoWs one use of the device according to 
the invention. 

[0047] In this use, the individual enclosure 1 shoWn is in 
the form of a ?at parallelepiped-shaped box. The ?gure also 
shoWs the sample 3 and a door device 6. The individual 
enclosure 1 can be the siZe of a cassette, depending on the 
siZe of the sample 3, for example it can have a diameter from 
approximately 200 mm to approximately 500 mm and a 
thickness from approximately 30 mm to approximately 50 
mm. 

[0048] The individual enclosure 1 containing the sample 3 
can easily be moved manually to a Workstation 1E, in Which 
the sample 3 is extracted from the individual enclosure 1 but 
remains at a pressure similar to that in the individual 
enclosure 1, for example for a vacuum deposition or etching 
step of the fabrication of a semiconductor. 

[0049] Another example of a use of the device according 
to the invention is the encapsulation of a satellite onboard 
optical system detector to protect it from moisture and other 
contaminating agents during dedicated control tests prior to 
launch. 

[0050] The present invention is not limited to the embodi 
ments explicitly described but includes variants and gener 
aliZations thereof that Will be evident to the skilled person. 

There is claimed: 
1. Amethod of testing samples or of transforming samples 

by etching and deposition, said method including a step of 
transporting the sample individually in a controlled vacuum 
in an individual enclosure. 
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2. A device for controlling the atmosphere Which sur 
rounds a sample, said device including: 

a sealed individual enclosure conformed to contain said 
sample and to isolate it from the external atmosphere 
With a small volume interior atmosphere around said 
sample, 

an array of micropumps, fastened to said individual 
enclosure and adapted to generate and maintain a 
controlled vacuum in said individual enclosure, said 
array of micropumps being adapted to be connected to 
an electrical poWer supply, 

transfer means for introducing said sample into said 
individual enclosure and extracting it therefrom. 

3. The device claimed in claim 2 Wherein the combination 
of said individual enclosure and said array of micropumps 
constitutes a portable self-contained system including an 
internal electrical poWer supply for supplying poWer at least 
temporarily to said array of micropumps. 

4. The device claimed in claim 2 Wherein said combina 
tion of said individual enclosure and said array of micro 
pumps is ?xed and constitutes a transfer chamber in a 
semiconductor fabrication installation. 

5. The device claimed in claim 2 Wherein said array of 
micropumps comprises thermal transpiration micropumps. 

6. The device claimed in claim 5 Wherein said array of 
micropumps comprises a succession of chambers linked by 
channels of Which at least one transverse dimension is 
approximately equal to or less than the mean free path of the 
gas molecules present in said micropumps, and means for 
creating and maintaining a temperature difference betWeen 
said successive chambers in order to generate a pumping 
effect. 

7. The device claimed in claim 6 Wherein said means for 
creating and maintaining a temperature difference betWeen 
said successive chambers include an electrical resistance in 
the vicinity of the inlet of the second of tWo successive 
chambers. 

8. The device claimed in claim 6 Wherein said means for 
creating and maintaining a temperature difference comprise 
Peltier-effect junctions accommodated in the vicinity of the 
inlets of the successive chambers. 

9. The device claimed in claim 2 Wherein said array of 
micropumps comprises micromembrane micropumps. 

10. The device claimed in claim 2 Wherein said array of 
micropumps comprises pieZo-electric micropumps. 

11. The device claimed in claim 2 Wherein said array of 
micropumps comprises a series of at least one primary stage 
of thermal transpiration micropumps and at least one sec 
ondary stage of pieZo-electric micropumps. 

12. The device claimed in claim 2 further including a 
temperature microsensor, a pressure microsensor and a gas 
analyZer, for controlling said atmosphere in said individual 
enclosure and for controlling said array of micropumps via 
an onboard microcomputer. 


