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(57) ABSTRACT 

According to one aspect of the invention, a method of 
processing a Wafer is provided. The Wafer is located in a 
Wafer processing chamber of a system for processing a 
Wafer. A silicon layer is then formed on the Wafer While the 
Wafer is located in the Wafer processing chamber. The Wafer 
is then transferred from the Wafer processing chamber to a 
loadlock chamber of the system. Communication betWeen 
the processing chamber and the loadlock chamber is closed 
off. The Wafer is then exposed to oZone gas While located in 
the loadlock chamber, Whereafter the Wafer is removed from 
the loadlock chamber out of the system. 
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METHOD OF SEALING AN EPITAXIAL SILICON 
LAYER ON A SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method of and a system 
for sealing an epitaxial silicon layer formed on a semicon 
ductor Wafer. 

[0003] 2. Discussion of Related Art 

[0004] Integrated circuits are formed in and on silicon and 
other semiconductor Wafers. Wafers are made by extruding 
an ingot from a silicon bath and saWing the ingot into 
multiple Wafers. In the case of silicon, the material of the 
Wafers is monocrystalline. An epitaxial silicon layer is then 
formed on the monocrystalline material of the Wafer. The 
epitaxial silicon layer is typically doped With boron and has 
a dopant concentration of about 1><1016 atoms per centimeter 
cube. A typical epitaxial silicon layer is about ?ve microns 
thick. The material of the epitaxial silicon layer has better 
controlled properties than the monocrystalline silicon for 
purposes of forming semiconductor devices therein and 
thereon. 

[0005] Once the epitaxial silicon layer is formed, the Wafer 
is removed from the Wafer processing chamber and exposed 
to ambient air. The air oxidiZes the exposed epitaxial silicon 
layer to form a native oxide layer thereon. The epitaxial 
silicon layer and the native oxide layer are exposed to 
contaminants in the air and are usually ?lled With impurities 
and particles. When semiconductor devices are formed on a 
surface Which is ?lled With impurities, the electronic devices 
often fail. 

[0006] It has been suggested that exposure of an epitaxial 
silicon layer to oZone gas Will provide an ef?cient process 
for forming a very pure oxide layer on the epitaxial silicon 
layer. 

SUMMARY OF THE INVENTION 

[0007] According to one aspect of the invention, a method 
of processing a Wafer is provided. The Wafer is located in a 
Wafer processing chamber of a system for processing a 
Wafer. An epitaxial silicon layer is then formed on the Wafer 
While the Wafer is located in the Wafer processing chamber. 
The Wafer is then transferred from the Wafer processing 
chamber to a loadlock chamber of the system. Communi 
cation betWeen the processing chamber and the loadlock 
chamber is closed off. The Wafer is then exposed to oZone 
gas While located in the loadlock chamber, Whereafter the 
Wafer is removed from the loadlock chamber out of the 
system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention is further described by Way of 
example With reference to the accompanying draWings 
Wherein: 

[0009] FIG. 1 is a plan vieW of a system for processing a 
Wafer; 
[0010] FIG. 2 is a diagram of a loadlock assembly form 
ing part of the system and illustrates a loadlock chamber 
thereof in sectioned side vieW; 
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[0011] FIG. 3 is a How chart of hoW the system is 
operated; 
[0012] FIG. 4 is a time chart of hoW the system operates; 

[0013] FIG. 5 is a cross-sectional side vieW of a Wafer 
Which is processed according to the invention; 

[0014] FIG. 6 is a cross-sectional end vieW of an oZone 
generator Which is used in the loadlock assembly; 

[0015] FIG. 7 is a cross-sectional side vieW of the oZone 
generator; 

[0016] FIG. 8 is a graph of oZone concentration against 
back?ll rate; and 

[0017] FIG. 9 is a graph of oxide formation against oZone 
concentration. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention relates to a method Whereby 
a epitaxial silicon layer formed on a silicon Wafer is sealed 
With an oxide formed due to exposure to oZone gas. A 
plurality of the Wafers are located in a batch in a loadlock 
chamber and exposed to oZone gas under controlled condi 
tions. The oZone gas forms a stable and clean oxide layer on 
the epitaxial silicon layer of each Wafer. The oxide layer can 
later be removed to leave the epitaxial silicon layer exposed 
and containing substantially no impurities. There are certain 
advantages for processing the Wafers in the loadlock cham 
ber. One advantage is that another chamber Which is desig 
nated for a step in an existing process does not have to be 
dedicated for exposing the Wafers to oZone gas. Another 
advantage is that such a system is relatively safe because 
there is a substantially reduced likelihood that the oZone gas 
Will mix With hydrogen gas Within the system and cause an 
explosion, in particular because the pressure Within the 
loadlock chamber is loWer than a chamber in the system 
Where hydrogen gas is used. The system is also safe because 
the pressure Within the loadlock chamber is alWays beloW 
atmospheric pressure of an area around the loadlock cham 
ber When oZone gas is Within the loadlock chamber so that 
there is reduced likelihood that the oZone gas Will escape to 
a surrounding area and cause an explosion. Another advan 
tage is that the overall time taken to process Wafers is 
maintained. 

[0019] FIG. 1 of the accompanying draWings illustrates a 
system 10 for processing a semiconductor Wafer. The system 
10 includes a factory integration unit 12, ?rst and second 
batch loadlock assemblies 14A and 14B, a transfer chamber 
18, ?rst, second, and third Wafer processing chambers 20A, 
20B, and 20C, and a cooldoWn chamber 22. 

[0020] FIG. 2 illustrates one of the loadlock assemblies 14 
in more detail. The loadlock assembly 14 includes a load 
lock chamber 24, a cassette elevator 26, a Wafer cassette 28, 
a pump 30, and apparatus 32 for supplying gasses into the 
loadlock chamber 24. 

[0021] The loadlock chamber 24 de?nes an enclosure 34 
and has a door opening 36 on one side thereof and a slitvalve 
opening 38 on an opposing side thereof. The factory inte 
gration unit 12 mates With the loadlock chamber 24 over the 
door opening 36. A door 40 is mounted to the loadlock 
chamber 24 for movement betWeen a position as shoWn in 
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FIG. 2 wherein the door 40 closes the door opening 36, and 
a position Wherein the door opening 36 is open so that the 
con?nes of the factory integration unit 12 are in communi 
cation With the enclosure 34. 

[0022] The transfer chamber 18 mates With the loadlock 
chamber 24 over the slitvalve opening 38. A slitvalve 42 is 
mounted to the loadlock chamber 24 for movement betWeen 
a position as shoWn in FIG. 2 Wherein the slitvalve 42 closes 
the slitvalve opening 38, and a position Wherein the slitvalve 
opening 38 is open so that the enclosure 34 is in commu 
nication With the con?nes of the transfer chamber 18. 

[0023] The cassette elevator 26 includes a shaft 44 and a 
support plate 46. The shaft 44 extends through an opening in 
a base of the loadlock chamber 24. A seal (not shoWn) is 
located betWeen the shaft 44 and the base of the loadlock 
chamber 24. The support plate 46 is secured to an upper end 
of the shaft 44. 

[0024] The Wafer cassette 28 includes a frame 48 With a 
plurality of ?ns 50 located on the frame. The ?ns 50 are 
positioned relative to one another so as to be jointly capable 
of supporting a total of tWenty-?ve Wafers above one 
another. The Wafer cassette 28 is located on the support plate 
46. The Wafer cassette 28 can be elevated by extending the 
shaft 44 into the loadlock chamber 24, and loWered by 
retracting the shaft 44 from the loadlock chamber 24. By 
elevating or loWering the Wafer cassette 28, a respective one 
of the Wafers 52 can be aligned With the slitvalve opening 38 
and can be removed from the loadlock chamber 24 through 
the slitvalve opening 38. 

[0025] The pump 30 has a loW-pressure side 54 and a 
high-pressure side 56. An exhaust line 58 has one end that 
extends into an opening in a base of the loadlock chamber 
24, and an opposed end connected to the loW-pressure side 
54 of the pump 30. The pump 30 can therefore be used for 
pumping a gas from the enclosure 34. 

[0026] The apparatus 32 includes a source of nitrogen 60, 
a source of oxygen 62, an oZone generator 64, a nitrogen 
supply valve 68, and an oZone supply valve 70. 

[0027] The source of nitrogen 60 is connected to the 
nitrogen supply valve 68. The nitrogen supply valve 68 is, 
in turn, connected to a nitrogen supply line 74. An opposing 
end of the nitrogen supply line 74 extends into an opening 
in an upper Wall of the loadlock chamber 24. When the valve 
68 is open, nitrogen gas from the source of nitrogen 60 can 
therefore be supplied to the enclosure 34. A diffuser (not 
shoWn) is located in the nitrogen supply line 74 to reduce the 
speed of the nitrogen gas. 

[0028] The source of oxygen 62 may, for example, be 
substantially pure oxygen gas or may be air. It has been 
found that even ?ltered air is not as free of impurities as 
substantially pure oxygen. The oxygen is typically about 
99.999% pure. Substantially pure oxygen may thus be 
preferred. The oZone generator 64 is connected to the source 
of oxygen 62. 

[0029] When oxygen gas from the source of oxygen 62 is 
supplied to the oZone generator the oZone generator 64 
generates oZone gas. The oZone generator 64 is, in turn, 
connected to the oZone supply valve 70. An oZone supply 
line 76 is connected to the oZone supply valve 70. An 
opposing end of the oZone supply line 76 extends into an 
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opening in the upper Wall of the loadlock chamber 24. When 
the valve 70 is open, oZone gas generated by the oZone 
generator 64 can be supplied to the enclosure 34. A diffuser 
(not shoWn) is located in the oZone supply line 76 to reduce 
the speed of the oZone gas. 

[0030] Apressure detector 72 is connected to the exhaust 
line 58. The pressure detector 72 can detect the pressure 
Within the exhaust line 58, and therefore also the pressure 
Within the enclosure 34. 

[0031] A controller 80 is used for controlling various 
components of the system 10 shoWn in FIG. 1, including the 
pump 30, the oZone generator 64, and the valves 68 and 70 
shoWn in FIG. 2. The controller 80 receives input from the 
pressure detector 72 and controls all the components based 
on the pressure detected by the pressure detector 72 and 
other variables as Will be described hereinbeloW. The con 
troller 80 is typically a computer having a processor Which 
is programmed to execute a program Which controls all the 
components of the system 10. The program includes pro 
cessor executable code and is typically stored on a disk or 
other computer readable medium and then loaded into 
memory of the computer from Where the processor of the 
computer reads and executes the program to control the 
components of the system 10. Particular features of the 
program and hoW it is constructed Will be evident to one 
skilled in the art from the discussion that folloWs. 

[0032] Referring again to FIG. 1, it can be seen that each 
Wafer processing chamber 20A, 20B, or 20C leads directly 
off the transfer chamber 18. Arespective slitvalve 82A, 82B, 
and 82C is mounted to open or close communication 
betWeen the transfer chamber 18 and a respective one of the 
Wafer processing chambers 20A, 20B or 20C. 

[0033] The cooldoWn chamber 22 also leads off the trans 
fer chamber 18 but no slitvalve is provided to open and close 
communication betWeen the transfer chamber 18 and the 
cooldoWn chamber 22. 

[0034] A robot 84 is located Within the transfer chamber 
18. The robot 84 has a blade 86 Which, When the robot 84 
is operated, can transfer a Wafer from one of the chambers 
20, 22, or 24 to another. Asusceptor 88 is located in each one 
of the chambers 20 and 22, on Which the Wafer can be 
located by the blade 86. The slitvalves 82 and the robot 84 
are also under control of the controller 80 shoWn in FIG. 2. 

[0035] One example of hoW the controller 80 controls the 
system 10 is noW described With reference to FIGS. 1 and 
2 jointly. FIG. 3 is a How chart Which assists in illustrating 
hoW the system 10 is operated. 

[0036] The slitvalves 42 are initially closed so that the 
con?nes of the transfer chamber 18 are not in communica 
tion With the loadlock chambers 24. The loadlock chamber 
18 is initially evacuated to remove contamination. The 
loadlock chamber 18 is then back?lled With an inert gas such 
as nitrogen. The slitvalves 82 are open so that the Wafer 
processing chambers 20 are in communication With the 
transfer chamber 18. The transfer chamber 18, the Wafer 
processing chamber 20, and the cooldoWn chamber 22 are 
?lled With an inert gas such as nitrogen gas and are at 
atmospheric pressure. The door 40 of the ?rst loadlock 
assembly 14A is open. 

[0037] A robot (not shoWn) located Within the factory 
integration unit 12 then loads a total of tWenty-?ve Wafers on 
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the Wafer cassette 28 of the ?rst loadlock assembly 14A. 
(Step 1). The door 40 is then closed so that the Wafers 52 are 
isolated Within the loadlock chamber 24. (Step 2). 

[0038] The pump 30 is then switched on so that air passes 
from the enclosure 34 through the exhaust line 58 through 
the pump 30. (Step 3). The valves 68, and 70 are closed so 
that the enclosure 34 is pumped doWn to a pressure of about 
5 Torr. 

[0039] The pump 30 is then sWitched off. (Step 4). The 
valve 68 is then opened. (Step 5). Nitrogen then ?oWs into 
the enclosure 34 until the pressure Within the enclosure 34 
is substantially the same as the pressure Within the transfer 
chamber 18. The valve 68 is then closed. (Step 6). 

[0040] The slitvalve 42 is then opened. (Step 7). The robot 
84 then removes three Wafers consecutively from the Wafer 
cassette 28 and locates one Wafer Within the ?rst Wafer 
processing chamber 20A, another Wafer Within the second 
Wafer processing chamber 20B, and a further Wafer Within 
the third Wafer processing chamber 20C. (Step 8). The 
slitvalves 82 are then closed so that the Wafer processing 
chambers 20 are isolated from the transfer chamber 18. (Step 
9). An epitaxial silicon layer is then formed on the Wafer in 
each processing chamber 20. (Step 10). A mixture of gasses 
is introduced into each one of the Wafer processing cham 
bers 20. One of these gasses typically includes hydrogen. 
Another one of the gasses is a source of silicon such as 

silane, dichlorosilane, or trichlorosilane. The source of sili 
con reacts With the hydrogen to form an epitaxial layer. 
Another one of the gasses is typically BZH6 Which provides 
boron for purposes of doping the epitaxial silicon layer. Heat 
lamps (not shoWn) heat the Wafers Within the Wafer pro 
cessing chambers 20 to a temperature of betWeen 600° C. 
and 1300° C. 

[0041] Once the formation of the epitaxial silicon layer on 
one of the Wafers is ?nalized, the processing gasses Within 
the respective chambers 20 are replaced by pure hydrogen 
gas to purge the chambers 20. (Step 11). The respective 
slitvalve 82 is then opened. (Step 12). The respective Wafer 
is transferred, utiliZing the robot 84, to the cooldoWn cham 
ber 22. (Step 13). Transfer of the Wafer takes about tWenty 
seconds. The Wafer remains Within the cooldoWn chamber 
22 for about sixty seconds. (Step 14). The robot 84 then 
transfers the Wafer from the cooldoWn chamber 22 back to 
the Wafer cassette 28. (Step 15). The Wafer is thus trans 
ferred from the chambers 20 to the Wafer cassette 28 Without 
ever being exposed to oxygen or any other gas that can form 
an oxide on the epitaxial silicon layer. 

[0042] The process of forming an expitaxial silicon layer 
on each Wafer is continued until all the Wafers are processed 
in a similar manner and all the Wafers are located back on the 
Wafer cassette 28. It takes betWeen one and tWo hours to 
process tWenty-?ve Wafers When forming a 5 micron thick 
epitaxial silicon layer on each Wafer. While the Wafers from 
the ?rst loadlock assembly 14A are processed, more Wafers 
can be located on the Wafer cassette 28 of the second 
loadlock assembly 14B. 

[0043] Once the Wafers are located on the Wafer cassette 
28 of the ?rst loadlock assembly 14A, the slitvalve 38 
thereof is closed. (Step 16). The Wafers 52 are then typically 
at a temperature of less than 100° C., but this temperature 
can vary depending on the time spent in the cooldoWn 
chamber 22. 
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[0044] The pump 30 is then again sWitched on so that 
nitrogen gas then ?oWs out of the enclosure 34. (Step 17). 
The enclosure 34 is pumped doWn to a pressure of about 5 
Torr. The pump 30 is then sWitched off. (Step 18). The oZone 
generator 64 is then sWitched on and the valve 70 is opened 
so that an oZone gas and oxygen gas mixture ?oWs into the 
top of the enclosure 34. (Step 19). The oZone gas and oxygen 
mixture continues to How into the enclosure 34 until the 
pressure Within the enclosure 34 reaches about 600 Torr. The 
valve 70 is then closed and the oZone generator 64 is 
sWitched off. (Step 20). 

[0045] The Wafers 52 are then simultaneously exposed to 
the oZone gas Within the enclosure 34. Exposure of the 
epitaxial silicon layer on the Wafer 52 results in oxidation of 
the epitaxial silicon layer. The Wafers 52 are exposed to the 
oZone gas for a period from one to ?fteen minutes. The 
Wafers 52 are simply “soaked” in the oZone gas i.e., there are 
no additional sources of excitation Which, for example, 
create a plasma or create certain photo effects. An oxide 
layer forms over the epitaxial silicon layer of each Wafer and 
has a thickness of about 10A to about 15A, as measured by 
a multiple Wavelength ellipsometry technique, for exposure 
to oZone gas of about ?fteen minutes. The oxide layer that 
forms on the Wafer is extremely pure because of the con 
trolled conditions to Which the Wafers 52 are exposed, 
including the purity of the oZone gas and oxygen gas mixture 
to Which the Wafers 52 are exposed. 

[0046] As mentioned previously, hydrogen is used Within 
the Wafer processing chamber 20. Hydrogen is highly explo 
sive When mixed With oZone or oxygen. HoWever, for the 
hydrogen in the processing chambers 20 to mix With the 
oZone Within the enclosure 34, the system 10 has to fail 
simultaneously in a number of respects. First, there should 
be hydrogen Within one of the Wafer processing chambers 
20. Second, the hydrogen should leak past a respective 
slitvalve 82 of the relevant Wafer processing chamber 20. 
Leakage of hydrogen past the slitvalve 82 Would only occur 
if the slitvalve 82 does not seal sufficiently on the Wafer 
processing chamber or When the slitvalve 82 is not closed 
When hydrogen is introduced into the Wafer processing 
chamber 20. Third, it is required that oZone be present Within 
the enclosure 34. Fourth, oZone should leak from the enclo 
sure 34 into the transfer chamber 18. Because the enclosure 
34 is maintained at a pressure beloW that of the transfer 
chamber 18, it is highly unlikely that there Would be any 
How of gasses from the enclosure 34 into the transfer 
chamber 18. 

[0047] Furthermore, it should be noted that the pressure 
Within the enclosure 34 never goes over atmospheric pres 
sure so that there is a substantially reduced likelihood that 
oZone gas can escape from the enclosure 34 to a surrounding 
area and cause exposure of personnel. 

[0048] It should also be noted that, in the embodiment 
described, oZone is only present Within the apparatus 32 
When generated by the oZone generator 64 Which is only 
While the enclosure 34 is being ?lled With oZone. There is 
therefore no contained source of oZone (other than in the 
loadlock chambers 24) Which may leak and cause exposure 
to personnel or other reactive gasses. OZone gas is thus 
generated at the point of use. 

[0049] The pump 30 is then again sWitched on so that the 
pressure Within the enclosure 34 reduces to about 5 Torr. 
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(Step 21). The ozone gas ?owing through the pump 30 is 
pumped to a location distant from the system 10, Where the 
ozone gas is neutralized. The ozone gas may for example be 
neutralized by treatment With a chemical to form oxygen, be 
scrubbed in a ?uidized bed of silica, or be scrubbed in 
another liquid system. 

[0050] The valve 68 is then opened so that the enclosure 
34 is ?lled With nitrogen gas. (Step 22). The door 40 is then 
opened and the Wafers 52 are transferred from the enclosure 
34 into the factory integration unit 12. The factory integra 
tion unit 12 is ?lled With air. (Step 23). The air Within the 
factory integration unit 12 does not form an oxide layer on 
the epitaxial silicon layer because of the oxide layer Which 
is already formed thereon due to exposure to ozone. 

[0051] It takes about tWenty-?ve minutes to process the 
Wafers Within the ?rst loadlock assembly 14A, as measured 
from When the slitvalve 42 is closed until the Wafers 52 are 
removed from the loadlock chamber 24. The time taken to 
process tWenty-?ve Wafers by the ?rst loadlock assembly 
14A is less than the time taken to process tWenty-?ve Wafers 
Within the Wafer processing chambers 20 and cooling the 
Wafer doWn in the cooldoWn chamber 22, because the Wafers 
are processed in batch. As illustrated in FIG. 4 the ?rst 
loadlock assembly 14A can thus be used in an epitaxial 
silicon cycle Wherein Wafers are transferred to the Wafer 
processing chamber 20 and the cooldoWn chamber 22. The 
?rst loadlock assembly 14A can then be used in a oxide 
cycle Wherein the Wafer is exposed to ozone gas. At the same 
time When the ?rst loadlock assembly 14A is used for an 
oxide cycle, the second loadlock assembly 14B can be used 
for a epitaxial silicon cycle, Whereafter the second loadlock 
assembly 14B can be used for an oxide cycle. When the 
second loadlock assembly 14B is used in the oxide cycle, the 
?rst loadlock assembly 14A can be used in a epitaxial silicon 
cycle. It can thus be seen that, because the oxide cycles are 
shorter than the epitaxial silicon cycles, there is no lapse in 
time from one epitaxial silicon cycle to a next epitaxial 
silicon cycle. 

[0052] FIG. 5 illustrates a Wafer 100 Which is processed 
in accordance With the invention. The Wafer includes a 
monocrystalline substrate 102 on Which an epitaxial silicon 
layer 104 is formed. Asilicon dioxide layer 106 is formed on 
the epitaxial silicon layer 104. The silicon dioxide layer can 
later be removed to leave the expitaxial silicon layer 104 
exposed and containing substantially no impurities. The 
silicon dioxide layer can, for example, be removed in a 
aqueous solution of hydrogen ?uoride. 

[0053] FIG. 6 and FIG. 7 illustrate the ozone generator 64 
in more detail. The ozone generator 64 includes a housing 
120, tWo ultraviolet lamps 122, four quartz tubes 124, an 
inlet pipe 126, and an outlet pipe 128. 

[0054] The housing 120 is leak tight and dust proof. A 
mirror 126 is located on a loWer surface of the housing 120. 

[0055] The ultraviolet lamps 122 are located Within the 
housing 120 on a side thereof opposing the mirror 126. 
Electrical connectors 128 extend into the housing 120 to the 
ultraviolet lamps 122. The ultraviolet lamps 122 can be 
energized by supplying electricity through the cables 128. A 
leak tight interface exists betWeen the housing 120 and the 
cables 128 Where the cables extend into the housing 120. 

[0056] Each pipe 126 or 128 extends into the housing 120. 
A leak tight interface also exists betWeen each pipe 126 or 

Aug. 16, 2001 

128 and the housing 120 Where the pipe 126 or 128 extends 
into the housing 120. The pipes 126 and 128 are located on 
opposing sides of the housing 120 as can be seen in FIG. 7. 
The inlet pipe 126 has an inlet opening therein. The pipe 126 
interconnects ends of the tubes 124 to one another. The pipe 
128 extends through ends of the tubes 124 opposing the ends 
that are interconnected by the pipe 126. Small openings 130 
are formed in the pipe 128 Within the tubes 124. Each 
opening 130 is typically about 2 mm in diameter. The 
openings 130 are located facing aWay from a ?oW passage 
of a gas ?oWing through the tubes 126 so as to avoid a ?oW 
channel Within each tube 126 and to ensure mixing of a gas 
?oWing through each tube 126. 

[0057] The oxygen source 62 is connected to the inlet tube 
126 through a regulator valve 132. The regulator valve 132 
can be adjusted so as to control ?oW to the inlet tube 126. 

[0058] A nitrogen source 132 is connected to the housing 
120. A purge gas outlet 134 is also provided out of the 
housing 120. 

[0059] Nitrogen from the nitrogen source 132 ?oWs 
through the housing 120 in an area around the tubes 124. The 
ultraviolet lamps 122 are sWitched on by providing electric 
ity through the cables 128. Oxygen from the oxygen source 
62 ?oWs through the regulator valve 132 and the pipe 126 to 
the tubes 124. Ultraviolet light is transmitted by the ultra 
violet lamps 122. The quartz of the tubes 124 is transmissive 
so that the ultraviolet light enters the tubes 124. One of the 
ultraviolet lamps is located above tWo of the tubes 124 and 
another one of the ultraviolet lamps 122 is located above 
another tWo of the tubes 124. A substantially equal amount 
of ultraviolet light enters the tubes 124 because of substan 
tially equal spacing of the lamps 122 over the tubes 124. 
More ultraviolet light re?ects from the mirror 126 and enters 
the tubes 124 from an opposing side. The ultraviolet light 
results in a change of some of the oxygen gas Within the 
tubes 124 to ozone gas. A mixture of oxygen gas and ozone 
gas ?oWs around the pipe 128 and leaves the tubes 124 
through the openings 130, from Where the mixture ?oWs 
through the pipe 128 out of the housing 120. While ozone is 
formed Within the tubes 124, the nitrogen in the area around 
the tubes 124 suppresses ozone generation outside of the 
tubes 124. This reduces exposure of ozone to people, thereby 
making the ozone generator 64 safe to operate, and reduces 
the chance of ozone degradation of components of the ozone 
generator 64 located externally of the tubes 124. 

[0060] The openings 130 are restrictions in the path of the 
mixture of oxygen and ozone leaving the tubes 124. Because 
of the restrictions provided by the openings 120, free ?oW of 
gas through the tubes 124 is restricted. Because of restric 
tions provided by the openings 120, the gas remains Within 
the tubes 124 for longer and the ?oW thereof is more evenly 
distributed betWeen the tubes 124. The residence time of the 
mixture Within the tubes 124 is also increased. 

[0061] FIG. 8 is a graph of ozone generation. Ahorizontal 
axis of FIG. 8 is the rate at Which the loadlock chamber is 
?lled in Torr per minute. The higher the valve on the 
horizontal axis, the faster the loadlock chamber Will be 
?lled. A back?ll rate of 60 Torr per minute, for example, 
means that the loadlock chamber is ?lled to 600 Torr Within 
10 minutes. The loadlock is preferably ?lled to 600 Torr 
Within 20 minutes to maintain throughput, i.e. the rate on the 
horizontal axis is preferably at least 30. 
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[0062] A vertical axis of the FIG. 8 graph is ozone 
concentration in parts per million. It can be seen from the 
graph that the oZone concentration is higher for loWer ?lling 
rates of the load lock chamber. Furthermore, there is an 
appreciable increase in oZone concentration for ?lling rates 
beloW 50 (i.e. a ?lling time of more than 12 minutes). The 
?lling rate is therefore preferably betWeen 20 Torr per 
minutes and 50 Torr per minute for purposes discussed With 
reference to FIG. 8 alone. 

[0063] FIG. 9 is a graph of encapsulation of a Wafer With 
an oxide formed With oZone gas. A horiZontal axis of the 
FIG. 9 graph is the oZone concentration in parts per million 
and the vertical axis is oxide thickness as measured With a 
single Wavelength ellipsometry technique. The Wafer is 
maintained at about room temperature and is exposed to the 
air and oZone gas mixture for 12 minutes. There is an 
increase in oxide thickness With oZone concentration up to 
an oZone concentration of about 400 parts per million. In 
order to obtain an oxide thickness Which is suf?ciently thick 
the oZone concentration is preferably at least 250 parts per 
million. From FIG. 9 can thus be gathered that the oZone 
concentration is preferably betWeen 250 parts per million 
and 350 parts per million. Referring again to FIG. 8, it can 
be seen that such an oZone concentration requires a ?lling 
rate of betWeen 33 Torr per minute and 45 Torr per minute. 
In order to maintain an oZone concentration of at least 250 
parts per million and an appreciable oxide thickness, the 
loadlock is preferably ?lled at a rate of about 45 Torr per 
minute. 

[0064] While certain exemplary embodiments have been 
described and shoWn in the accompanying draWings, it is to 
be understood that such embodiments are merely illustrative 
and not restrictive of the current invention, and that this 
invention is not restricted to the speci?c constructions and 
arrangements shoWn and described, since modi?cations may 
occur to those ordinarily skilled in the art. In another 
embodiment an oZone source may, for example, be a con 
tained source of oZone located externally of a loadlock 
chamber. In another embodiment, an oZone source such as 
an oZone generator may, for example, be located Within a 
loadlock chamber. 

What is claimed: 
1. A method of processing a Wafer, Which includes: 

(a) locating a Wafer in a Wafer processing chamber of a 
system for processing a Wafer; 

(b) forming a silicon layer on the Wafer While located in 
the Wafer processing chamber; 

(c) transferring the Wafer from the Wafer processing 
chamber to a loadlock chamber of the system; 

(d) closing off communication betWeen the processing 
chamber and the loadlock chamber; 

(e) exposing the Wafer to oZone gas While located in the 
loadlock chamber; and 

(f) removing the Wafer from the loadlock chamber out of 
the system. 

2. A method according to claim 1 Wherein the system 
includes a transfer chamber leading off the loadlock cham 
ber, and a plurality of Wafer processing chambers leading off 
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the transfer chamber, the Wafer being transferred from the 
Wafer processing chamber through the transfer chamber to 
the loadlock chamber. 

3. A method according to claim 1 Which includes: 

(g) loading a plurality of Wafers in the loadlock chamber, 
Wherein: 

step (a) includes transferring a respective Wafer from 
the loadlock chamber into a respective one of the 
processing chambers; 

step (b) includes forming a silicon layer on each one of 
the respective Wafers, Wherein a silicon layer is 
formed on one of the Wafers in one of the chambers 
While a silicon layer is formed on another Wafer in 
another one of the chambers; 

step (c) includes transferring the plurality of Wafers to 
the loadlock chamber; 

step (d) includes closing off communication betWeen 
the loadlock chamber and the transfer chamber; 

step (e) includes exposing the Wafers together to oZone 
gas While located in the loadlock chamber; and 

step includes removing the plurality of Wafers from 
the loadlock chamber out of the system. 

4. A method according to claim 3 Wherein the time taken 
from When step (a) is started until step (d) is completed is at 
least tWice as long as the time from When step (d) is 
completed until step is completed. 

5. A method according to claim 3 Wherein the loadlock 
chamber is a ?rst loadlock chamber and the plurality of 
Wafers is a ?rst plurality of Wafers, the method including: 

(h) locating a second plurality of Wafers in a second 
loadlock chamber; 

(i) transferring a respective Wafer from the second load 
lock chamber into a respective one of the processing 
chambers; 
forming a silicon layer on each one of the Wafers of the 
second plurality of Wafers located in one of the cham 
bers; 

(k) transferring the second plurality of Wafers the second 
loadlock chamber; 

(1) closing off communication betWeen the second load 
lock chamber and the transfer chamber; 

(m) exposing the second plurality of Wafers together to 
oZone gas While located in the second loadlock cham 
ber; and 

(n) removing the second plurality of Wafers from the 
second loadlock chamber out of the system. 

6. A method according to claim 5 Wherein steps (d), (e) 
and are carried out entirely Within a time period from 
When step is started until step (1) is completed. 

7. A method according to claim 5 Wherein, When step (e) 
is carried out, the pressure Within the ?rst loadlock chamber 
is beloW the pressure in the transfer chamber. 

8. A method according to claim 2 Wherein the pressure 
Within the loadlock chamber remains beloW the pressure 
Within the transfer chamber While the Wafer is exposed to the 
oZone gas. 
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9. A method according to claim 1 wherein the system 
includes a cooldoWn chamber, the Wafer being transferred 
from the Wafer processing chamber to the cooldoWn cham 
ber and from the cooldoWn chamber to the loadlock cham 
ber. 

10. Amethod according to claim 1 Wherein a plurality of 
Wafers, each having a silicon layer formed thereon, are 
located in the loadlock chamber and the plurality of Wafers 
are simultaneously exposed to the oZone gas. 

11. A method according to claim 1 Which includes intro 
ducing the oZone gas from outside the loadlock chamber into 
the loadlock chamber. 

12. A method according to claim 1 Which includes gen 
erating the oZone gas. 

13. A method of processing a Wafer, Which includes: 

(a) locating a Wafer in a Wafer processing chamber of a 
system from processing a Wafer; 

(b) forming a silicon layer on the Wafer While located in 
the Wafer processing chamber; 

(c) transferring the Wafer processing chamber to a load 
lock chamber of the system; 

(d) closing off communication betWeen the processing 
chamber and the loadlock chamber; 

(e) exposing the Wafer to oZone gas While located in the 
loadlock chamber; 

(f) removing oZone from the loadlock chamber, the pres 
sure in the loadlock chamber during (e) and remain 
ing beloW the pressure in the processing chamber; and 

(g) removing the Wafer from the loadlock chamber out of 
the system. 

14. Amethod according to claim 13 Wherein hydrogen gas 
is present Within the processing chamber of any given time 
betWeen When is started and (g) ends. 

15. A method according to claim 13 Wherein the pressure 
Within the loadlock chamber remains beloW atmospheric 
pressure during (e) and 

16. A method according to claim 1 Wherein substantially 
no oxide layer forms on the silicon layer before exposure to 
the oZone gas. 

17. A loadlock assembly Which includes: 

a loadlock chamber having a ?rst opening for inserting a 
Wafer and a second opening for removing the Wafer; 

a holder Within the loadlock chamber Which is capable of 
holding the Wafer; 

a pump having a loW-pressure side connected to the 
loadlock chamber; and 

an oZone source Which provides oZone gas to Which the 
Wafer is exposed When held by the holder. 

18. A loadlock assembly according to claim 17 Wherein 
the oZone source includes a oZone generator. 

19. A loadlock assembly according to claim 18 Wherein 
the oZone generator is located externally of the loadlock 
chamber and is connected thereto. 

20. A loadlock assembly according to claim 19 Wherein 
the oZone generator includes an ultraviolet lamp and a vessel 
Wherein ultraviolet light from the lamp passes into the vessel 
Where oZone is created. 
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21. A loadlock assembly according to claim 19 Wherein 
the oZone source is located externally of the loadlock 
chamber and connected thereto. 

22. A loadlock assembly according to claim 21 Wherein 
the oZone source includes an oZone generator including at 
least one ultraviolet lamp, at least one container having a 
Wall Which is transmissive to ultraviolet light the ultraviolet 
lamp being positioned so that ultraviolet light radiated 
thereby enters the container through the Wall, an inlet 
through Which an oxygen containing gas can enter the 
container Where the oxygen containing gas is at least par 
tially converted to oZone gas by the ultraviolet light, and an 
outlet from Which the oZone gas can leave the container and 
How to the loadlock chamber. 

23. A loadlock assembly according to claim 22 Wherein 
the container is a tube, the oZone generator including a 
plurality of tubes, each tube having a Wall Which is trans 
missive to ultraviolet light so that ultraviolet light can enter 
the tube, the inlet alloWs the oxygen containing gas into each 
tube and the outlet alloWs oZone gas out of each tube. 

24. A loadlock assembly according to claim 23 Wherein 
the oZone generator includes a means for restricting the How 
of gas out of the plurality of tubes so that the residence time 
of the gases in the tubes is increased. 

25. A loadlock assembly according to claim 24 Wherein 
the restricting means includes a plurality of restrictions, each 
restriction being located betWeen a respective tube and the 
outlet. 

26. A loadlock assembly according to claim 22 Wherein 
the oZone generator includes a housing around the container. 

27. A loadlock assembly according to claim 26 Which 
includes a purge gas source connected to the housing so that 
the purge gas source is capable of providing purge gas to an 
area Within the housing and around the container. 

28. A loadlock assembly according to claim 17 Wherein 
the holder is a cassette capable of holding a plurality of 
Wafers. 

29. Asystem for processing a semiconductor Wafer, Which 
includes: 

a loadlock chamber; 

a Wafer holder in the loadlock chamber; 

a Wafer processing chamber; 

a closure member Which is movable betWeen a ?rst 
position Which alloWs for a Wafer to be transferred from 
the Wafer processing chamber into the loadlock cham 
ber, and a second position Wherein the closure member 
substantially closes off communication betWeen the 
loadlock chamber and the Wafer processing chamber; 

a pump having a loW-pressure side connected to the 
loadlock chamber; and 

an oZone source Which produces oZone gas to Which a 

Wafer is exposed When located in the loadlock chamber. 
30. A system according to claim 29 Which includes a 

transfer chamber leading off the loadlock chamber, and a 
plurality of Wafer processing chambers leading off the 
transfer chamber, the Wafer being transferred from the Wafer 
processing chamber through the transfer chamber to the 
loadlock chamber. 

31. Asystem according to claim 30 Wherein the loadlock 
chamber is a ?rst loadlock chamber, the Wafer holder is a 
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?rst Wafer cassette capable of holding a plurality of Wafers, 
and the closure member is a ?rst closure member, the system 
including: 

a second loadlock chamber; 

a second Wafer cassette in the second loadlock chamber 
and capable of holding a plurality of Wafers; and 

a second closure members Which is movable betWeen a 
?rst position Which alloWs for a Wafer to be transferred 
from the Wafer processing chamber through the transfer 
chamber to the second loadlock chamber, and a second 
position Wherein the second closure member substan 
tially closes off communication betWeen the second 
loadlock chamber and the transfer chamber. 

32. A system according to claim 31 Wherein the number 
of Wafers that can be located on each Wafer cassette is at 
least three times the total number of chambers. 

33. A system according to claim 32 Which includes a 
cooldoWn chamber, a Wafer being transferable from the 
Wafer processing chamber via the cooldoWn chamber to the 
loadlock chamber. 

34. A system according to claim 29 Wherein the oZone 
source is located externally of the loadlock chamber and 
connected thereto. 

35. A system according to claim 34 Wherein the oZone 
source includes an oZone generator including at least one 
ultraviolet lamp, at least one container having a Wall Which 
is transmissive to ultraviolet light the ultraviolet lamp being 
positioned so that ultraviolet light radiated thereby enters the 
container through the Wall, an inlet through Which an oxygen 
containing gas can enter the container Where the oxygen 
containing gas is at least partially converted to oZone gas by 
the ultraviolet light, and an outlet from Which the oZone gas 
can leave the container and How to the loadlock chamber. 

36. Asystem according to claim 35 Wherein the container 
is a tube, the oZone generator including a plurality of tubes, 
each tube having a Wall Which is transmissive to ultraviolet 
light so that ultraviolet light can enter the tube, the inlet 
alloWs the oxygen containing gas into each tube and the 
outlet alloWs oZone gas out of each tube. 

37. A system according to claim 36 Wherein the oZone 
generator includes at least one restriction so that the pressure 
of the oZone gas is higher before the restriction than after the 
restriction. 

38. A system according to claim 37 Which includes a 
plurality of restrictions, each restriction being located 
betWeen a respective tube and the outlet. 

39. A system according to claim 38 Wherein the oZone 
generator includes a housing around the tubes. 

40. A system according to claim 39 Which includes a 
purge gas source connected to the housing so that the purge 
gas source is capable of providing purge gas to an area 
Within the housing and around the container. 

41. A system according to claim 29 Which includes a 
cassette, located Within the loadlock chamber, capable of 
holding a plurality of Wafers. 

42. A system according to claim 29 Which includes a 
controller Which has processor executable code Which con 
trols the pump and the oZone source. 

43. A system according to claim 42 Wherein the processor 
executable code maintains the loadlock at a loWer pressure 
than on a side of the closure member opposing the loadlock 
at all times When the Wafer is exposed to the oZone gas. 
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44. A system according to claim 43 Wherein the processor 
executable code maintains the loadlock beloW atmospheric 
pressure at all times When the Wafer is exposed to oZone gas. 

45. A system according to claim 43 Wherein the processor 
executable code: 

(i) controls the closure member by opening the closure 
member; 

(ii) controls a robot so that the robot then transfers the 
Wafer from the Wafer processing chamber into the 
loadlock chamber; 

(iii) then closes the closure member; and 

(iv) controls the oZone source by then exposing the Wafer 
to the oZone gas When located in the Wafer processing 
chamber. 

46. An oZone generator, Which includes: 

a plurality of tubes that are transmissive to ultraviolet 

light; 

an inlet through Which oxygen gas can be provided into 

the tubes; 

an ultraviolet lamp, located externally of the tubes, Which 
can radiate ultraviolet light, the ultraviolet lamp being 
positioned so that the ultraviolet light enters the tubes 
and generates oZone gas from the oxygen gas in the 

tubes; and 

an outlet through Which the oZone gas can flow out of the 

tubes. 
47. An oZone generator according to claim 46 Which 

includes at least one restriction in a flow path of the oZone 
gas Which ensures more even distribution of How of gas 
betWeen the tubes. 

48. An oZone generator according to claim 46 Which 
includes a plurality of restrictions, each restriction being 
located in a flow path of the oZone gas betWeen a respective 
one of the tubes and the outlet. 

49. An oZone generator according to claim 46 Which 
includes a housing around the tubes, a purge gas inlet into 
the housing, and a purge gas outlet out of the housing. 

50. An oZone generator according to claim 46 Wherein the 
tubes are made of quartZ. 

51. An oZone generator, Which includes: 

a housing; 

a container, located Within the housing, Which is trans 
missive to ultraviolet light; 

an inlet into the housing to the container so that oxygen 

gas can be provided into the housing to the container; 

a lamp Which generates oZone gas from the oxygen gas to 

the container; and 

an outlet from the container out of the housing through 
Which the oZone gas can flow from the container out of 

the housing. 
52. An oZone generator according to claim 51 Wherein 

some of the ultraviolet light is transmitted directly from the 
ultraviolet lamp into the container, the oZone generator 
further including a mirror on a side of the container opposing 
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the ultraviolet lamp from which more of the ultraviolet light 
re?ects before entering the container. 

53. An oZone generator, Which includes: 

a housing having a purge gas inlet and a purge gas outlet; 

a container, located Within the housing, Which is trans 
rnissive to ultraviolet light; 

an inlet into the housing to the container so that oxygen 

gas can be provided into the housing to the container, 
the inlet having a leak tight interface With the housing; 

an ultraviolet larnp located Within the housing; 

electrical Wiring extending into the housing to the ultra 
violet larnp, the electrical Wiring having a leak tight 
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interface With the housing, Wherein electrical poWer 
can be supplied through the Wiring to the ultraviolet 
larnp so that the ultraviolet larnp can be energiZed and 
radiate ultraviolet light, the ultraviolet larnp being 
positioned so that the ultraviolet light can enter the 

container and generate oZone gas from the oxygen gas; 
and 

an outlet from the container out of the housing through 
Which the oZone gas can flow from the container out of 

the housing, the outlet having a leak tight interface With 
the housing. 


