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(57) ABSTRACT 

Aventilation system for industrial laser systems is disclosed 
Which can minimize the cooling air intake required during 
normal operation. Adequate ventilation is maintained even if 
the housing is opened. Various sensors monitor the condition 
of the cooling air and can increase the air intake if required 
for cooling or safety. Such a ventilation system is of par 
ticular advantage for eXciter lasers in microlithography 
applications because the consumption of conditioned clean 
room air is controlled by the actual needs of the laser device. 
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LASER VENTILATION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a 37 CFR 1.53 (b) continuation 
Which claims the bene?t of priority to US. patent applica 
tion Ser. No. 09/482,182, ?led Jan. 12, 2000, Which claims 
the bene?t of the Mar. 17, 1999 ?ling date of provisional 
application No. 60/124,806, Which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to providing 
improved ventilation for industrial machines, particularly 
for industrial lasers. 

[0003] Industrial laser systems are normally enclosed in a 
protective housing. In the case of excimer lasers used in 
industrial applications (and more speci?cally in photolitho 
graphic applications), the protective housing has several 
functions, including: protection against laser radiation; pro 
tection against high voltage components; protection against 
oZone produced by 193 nm. laser radiation; protection 
against toxic gases released in case of a leak; air cooling of 
sub modules and electromagnetic shielding. 

[0004] The cooling air might contain toxic gases, such as 
?uorine released by small leaks or oZone produced by high 
voltage components or deep UV laser radiation. Housing 
panels and doors are normally sealed With rubber or silicon 
rubber gaskets. The housing and the exhaust fan are 
designed in such a Way that the laser housing may be 
operated under negative pressure compared to ambient pres 
sure. This means that for a Well designed system, ambient air 
Will enter the laser housing through designed air inlets, but 
the air enclosed by the housing Will not return through the 
air intakes, small gaps and slots into the environment. The 
exhaust air How might contain toxic gases, therefore the 
exhaust of the laser housing should be connected to an 
industrial ventilation system. Well-designed systems ful?ll 
the industrial safety standards. 

[0005] Industrial excimer laser systems are typically 
adjusted during maintenance or service. During maintenance 
or service, access panels or doors must be opened, Which 
breaks the protective enclosure. Therefore, it is difficult to 
maintain the desired negative pressure Within the laser 
housing during maintenance or service. 

[0006] Moreover, conventional ventilation systems do not 
make the most efficient use of cooling air. This can be a 
problem When a laser system is used in a clean room 
environment, because the cost of providing clean room air 
can be signi?cant. 

[0007] There are three state-of-the-art approaches to main 
taining ventilation safety. The ?rst approach Was used in 
industrial lasers Which Were manufactured by Lambda 
Physik beginning in 1988. The laser housing Was divided 
into several smaller compartments. Each compartment Was 
separately ventilated, i.e., each compartment had its oWn 
exhaust bloWer and exhaust duct. Opening a single panel 
broke the protective enclosure of a single compartment, but 
the other compartments Were still at negative pressure and 
safe ventilation conditions. Larger laser systems had up to 
three exhaust ducts. Installation of such systems Was cum 
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bersome for industrial users. The amount of exhausted air 
Was quite high, Which created problems When a laser Was 
installed in a clean room. 

[0008] The second approach Was folloWed by a later 
version of the Lambda industrial laser series. One strong 
exhaust bloWer Was installed. The location of all air intakes, 
internal baffles and vanes Were designed in such a manner 
that a suf?cient gas How Was provided at all areas Where a 
leak might occur or oZone might be generated. The combi 
nation of vanes, baf?es, properly located air intakes and a 
strong exhaust bloWer could maintain safe ventilation con 
ditions even When the protective housing Was opened at one 
location. The main disadvantage of this design Was the large 
air exhaust rate. 

[0009] A third solution is described in US. Pat. No. 
5,748,656, Which teaches that clear plastic panels or curtains 
are located behind the access doors. Rubber ?aps can be 
used over access holes in the clear plastic panels. These 
rubber ?aps permit a service engineer to reach into the 
ventilated enclosure Without substantial loss of ventilation. 
Major disadvantages of these panels, curtains and rubber 
?aps are the restricted access for the service engineers and 
the risk of ?ammability. Like the other designs, this design 
has a high air exhaust rate. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
ventilation system for industrial lasers Which provides 
adequate cooling While using a minimum of cooling gas. 

[0011] It is a further object of the present invention to 
provide a ventilation system for industrial lasers Which 
provides adequate ventilation even When the housing of the 
laser device is open. 

[0012] It is a feature of the present invention to provide a 
laser device With one or more sensors. 

[0013] It is another feature of the present invention to 
provide a laser device Which can automatically perform 
safety countermeasures. 

[0014] It is an advantage of the present invention to reduce 
the cost of operating a laser device. 

[0015] It is a further advantage of the present invention to 
increase the safety of Workers Who are operating, maintain 
ing or servicing laser devices. 

[0016] An improved ventilation system consists of an 
exhaust channel, at least one exhaust port, at least one air 
inlet and at least one bloWer. The exhaust channel is in ?uid 
communication With internal compartments of a laser hous 
ing Which require cooling and alloWs sufficient ventilation of 
all such compartments. 

[0017] In a preferred embodiment, bloWers With adjust 
able speed are used to circulate cooling gas. During normal 
operation the bloWers are running at loW speed. The amount 
of cooling gas can be minimiZed in this Way. This is of 
special advantage if the laser device is installed in a clean 
room, because the conditioned clean room air is very expen 
sive. 

[0018] Various sensors can be installed in the device in 
order to monitor properties such as temperature or the 
concentrations of halogen, oZone, smoke, etc. Depending on 
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the sensor outputs, the air ?oW rate can be adjusted auto 
matically in order to maintain optimum ventilation condi 
tions With minimum cooling air consumption. Sensor out 
puts can also be used to trigger safety countermeasures. 

[0019] Suf?cient ventilation conditions can be maintained 
even if the housing of the laser device is opened for service 
or maintenance. In some embodiments, individual bloWers 
are used for different compartments, so even if the bloWer at 
one location is not active during service or maintenance, the 
other bloWers create adequate ventilation. For embodiments 
Which use a single bloWer, ventilation safety can be main 
tained during maintenance or service by increasing the 
bloWer speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 
tem; 

[0021] FIG. 2 illustrates a ventilation system according to 
a ?rst embodiment of the presently-claimed invention; 

FIG. 1 illustrates a conventional ventilation sys 

[0022] FIG. 3a) illustrates a ventilation system according 
to a second embodiment of the presently-claimed invention; 

[0023] FIG. 3b) illustrates a ventilation system With a 
door temporarily opened, according to a second embodiment 
of the presently-claimed invention; and 

[0024] FIG. 4 illustrates a ventilation system according to 
a third embodiment of the presently-claimed invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] The laser housing 100 shoWn in FIG. 1 encloses all 
major laser components, such as laser discharge unit 101, 
high voltage poWer supply 102, gas and cooling Water 
utilities 103, electrical utilities and electronic control mod 
ules 104. The housing typically has several air inlets 120, 
Which take in air at How rates 105, and at least one air outlet 
106. The laser is normally equipped With an exhaust bloWer 
107. The exhaust ?oW rate is typically on the order of 200 
m3/hour. Air is guided by internal vanes and baffle plates 108 
in order to cool heat-generating components ef?ciently. 

First Embodiment of the Present Invention 

[0026] The folloWing description refers to elements illus 
trated in FIG. 2. The housing of the laser device 200 is 
equipped With an exhaust channel 210. The laser housing is 
divided into several compartments. Exhaust channel 210 is 
designed in such a Way that cabinet compartments can be 
individually connected to this channel. The channel has at 
least one exhaust port 211 located outside of the laser 
housing and at least one intake port 212 located inside of the 
laser housing. 

[0027] In a ?rst embodiment, bloWers 214a, 214b and 
214c are installed at or near intake ports 212 of exhaust 
channel 210. BloWers 214a and 214b provide suf?cient 
ventilation for loWer laser compartment 201, While bloWer 
214c provides ventilation for upper laser compartment 202. 

[0028] Because individual bloWers are used for different 
compartments, suf?cient ventilation conditions can be main 
tained even if the housing of the laser device is opened for 
service or maintenance at one location. 
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Sensors 

[0029] For reasons of safety and ef?ciency, various detec 
tors or sensors can be installed inside exhaust channel 210, 
inside a compartment or in any convenient location. Sensors 
can be con?gured to generate various types of sensor signals 
to a processor, Which can be part of the laser device or 
located elseWhere and connected to the device via a netWork. 
The processor could generate signals to control, e.g., bloWer 
speed or otherWise to respond to conditions detected by the 
sensor. 

[0030] For example, an air ?oW sensor 221 can be 
installed in order to monitor the How rate. In case of 
insufficient air How 220, this sensor Will send a signal to a 
processor Which Will signal an alarm to sound. Depending 
on the severity of the detected conditions, the processor 
could transmit signals Which cause laser operation to be 
terminated. Insuf?cient air How might affect performance of 
internal air cooled laser modules and removal of traces of 
toxic gases like halogen or oZone. 

[0031] Ahalogen leak sensor 222 can be installed in order 
to monitor the halogen concentration in the exhaust air. In 
case of a gas leak this sensor Will transmit a corresponding 
signal to the processor, Which Will generate signals causing 
a halogen alarm to sound, causing laser operation to be 
terminated Within a short time period and causing all internal 
gas valves to be immediately closed. Additionally, a signal 
could be generated to close all valves in the facility gas 
supply system. 

[0032] Atemperature sensitive sensor 223 can be installed 
in order to monitor the temperature of the exhausted cooling 
air. In addition, a smoke or ?re detection system 224 can be 
installed Within exhaust channel 210. 

[0033] A differential pressure sensor 225 can be installed 
Within the laser device. Such a sensor measures the air 
pressure inside of the laser housing m in comparison to the 
ambient air pressure. When the differential air pressure falls 
beloW a preset level, an alarm Will be activated and, if 
possible, ventilation is increased. 

[0034] Exhaust channel 210 is a preferred location for 
installation of sensors. For example one halogen leak sensor 
is suf?cient to monitor or control all internal laser compart 
ments at one time. 

[0035] In prior art ventilation systems, the installation 
conditions recommended by the sensor manufacturers Were 
sometimes dif?cult to ful?ll. For example, some sensors 
require a more or less laminar air How to function properly. 
Laminar How can easily be achieved inside a straight section 
of exhaust channel 210. 

[0036] Sets of sensors can be installed near the air intakes 
of exhaust channel 210 in order to monitor the status in 
different laser compartments. For example, installation of 
differential pressure sensors in each compartment can be 
advantageous. These sensors alloW identi?cation of com 
partments With insuf?cient ventilation and facilitate the 
initiation of adequate countermeasures. 

Second Embodiment of the Present Invention 

[0037] The folloWing description refers to elements illus 
trated in FIGS. 3a) and 3b). In a second embodiment, a 
single bloWer 215 is installed at or near the exit port 211 of 
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exhaust channel 210. The size of the air intake ports 212 
depends on the ventilation requirements of the connected 
compartments. In a preferred embodiment, the air ?oW rate 
220 Within exhaust channel 210 can be adjusted by the 
bloWer speed. BloWer 215 may be tWo-speed, multiple 
speed or continuously adjustable. 

[0038] FIG. 3a) shoWs the laser device during normal 
operation. The bloWer 215 is running at loW speed. The air 
intake rate (arroWs 105) and the air exhaust rate (arroW 220) 
are loW. This is indicated by the small arroWs. LoW speed 
ventilation is sufficient for laser stand-by and laser operation 
under normal conditions. LoW speed ventilation is a major 
advantage if the laser is installed in a clean room, because 
the conditioned clean room air is expensive and its con 
sumption can be minimiZed in this Way. 

[0039] In case of high ambient air temperature, the air 
temperature in exhaust channel 210 Will increase. Air tem 
perature sensor 223 (FIG. 2) can be used to cause an 
increased ?oW rate 220 and to cause suf?cient cooling to be 
provided even With poor ambient conditions. In case of a 
halogen leak, the halogen sensor 222 (FIG. 2) can generate 
a signal to the processor Which Will cause an alarm to sound, 
cause all internal valves to be shut off and cause the exhaust 
?oW rate to be increased to its maximum level. This proce 
dure minimiZes risk Without Wasting expensive conditioned 
air during normal operations. 

[0040] In case of service or maintenance activities, a panel 
or a door 230 of the laser enclosure must be opened. 
Opening the housing affects the ventilation conditions of the 
laser device. 

[0041] HoWever, the present invention alloWs negative 
pressure to be maintained in all compartments except the 
one Which is open. For example, the housing panels and 
doors can be interlocked. Activated interlock sWitch 231, 
another type of sensor, transmits a signal to the processor or 
laser controller indicating Which door is opened. This infor 
mation can be used to increase the bloWer speed to maxi 
mum (or otherWise increase the How rate, as explained 
beloW in the description of the third embodiment) during 
maintenance or service. 

[0042] FIG. 3b) shoWs the laser device during service or 
maintenance, With door 230 opened. The interlock sWitch 
231 has triggered the bloWer 215 to run at high speed. This 
causes loW air intake rates 105 into the closed loWer com 
partments and a high air intake rate 105 into the opened 
upper compartment, as indicated by the enlarged arroW 105. 
This procedure alloWs ventilation safety to be maintained 
during maintenance and service actions. Instead of moni 
toring the door interlock status, the signal from one ore more 
differential pressure sensors, preferably located in each 
compartment Which may be opened, can be used provide a 
signal Which indicates When the How rate should be 
increased. 

Third Embodiment of the Present Invention 

[0043] The folloWing description refers to elements illus 
trated in FIG. 4. In a third embodiment, exhaust channel 210 
is equipped With a bloWer 300 continuously running at a 
single speed. 
[0044] The air ?oW rate extracted from each compartment 
can be adjusted by aperture controls, such as throttle valves 
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301, located at the air intakes of exhaust channel 210. The 
position of the throttle valves can be controlled by signals 
from a processor in response to input from sensors, e.g., 
from air pressure sensors located at the air intakes to exhaust 
channel 210 or from interlock sWitches monitoring the status 
of laser housing doors and panels. Other types of aperture 
controls, such as butter?y valves or ?aps, may be used 
instead of throttle valves. 

Fourth Embodiment of the Present Invention 

[0045] The folloWing description refers to modi?ed ver 
sions of elements shoWn in FIG. 2. A properly designed 
exhaust channel has the air intake ports 212 close to internal 
components Which generate heat. This alloWs the removal of 
heated cooling air immediately from the laser system With 
out heating of other laser components. On the other hand, a 
Well-designed exhaust channel avoids undesirable cooling 
of temperature sensitive parts With cold ambient air. Con 
trolled removal of heat and controlled cooling air intake are 
preconditions for efficient temperature stabiliZation of laser 
components or entire laser compartments. 

[0046] Temperature stabiliZation of laser components or 
compartments can be supported by additional heating ele 
ments. Temperature stabiliZation is of special importance for 
a line narroWed excimer laser because the laser resonator 
and the optical components are sensitive to temperature 
changes. 
[0047] For example, the inlets 120 to the laser housing, 
internal vanes and baffle plates 108, and the intakes 212 to 
exhaust channel 210 may be located in such a Way that the 
temperature sensitive optical components for beam diagnos 
tics are not affected by cold ambient air. The heat generated 
by the poWerful gas circulation motor and the laser tube are 
removed from the system Without heating the optical reso 
nator system. 

[0048] Although only certain embodiments have been 
described in detail, those having ordinary skill in the art Will 
understand that many modi?cations are possible Without 
departing from the teachings thereof. All such modi?cations 
are intended to be encompassed Within the folloWing claims. 

We claim: 
1. A ventilation system for a laser device, comprising: 

a housing of the laser system Which encloses a plurality of 
compartments and includes at least one air inlet; 

an exhaust channel de?ned Within the housing for receiv 
ing exhaust from the plurality of compartments; 

a plurality of intake ports each of Which is positioned 
doWnstream of at least one compartment and upstream 
of the exhaust channel; 

one or more bloWers for forcing exhaust to How from the 
plurality of compartments to the exhaust channel; and 

an exhaust port for expelling exhaust from the exhaust 
channel. 

2. The ventilation system of claim 1, further comprising 
at least one sensor for monitoring a condition of the laser 
device. 

3. The ventilation system of claim 2, Wherein the condi 
tion is selected from the group consisting of exhaust ?oW 
speed, temperature, halogen concentration, oZone concen 
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tration, smoke concentration, pressure, differential pressure 
and Whether a compartment is open. 

4. The ventilation system of claim 2, Wherein the sensor 
has a location selected from the group consisting of the 
following locations: inside a compartment, inside the 
exhaust channel, near an air inlet and near an intake port. 

5. The ventilation system of claim 2, Wherein the system 
includes only a single exhaust port. 

6. The ventilation system of claim 2, Wherein the system 
includes only a single exhaust channel. 

7. The ventilation system of claim 1, Wherein the system 
includes only a single exhaust port. 

8. The ventilation system of claim 7, Wherein the system 
includes only a single exhaust channel. 

9. The ventilation system of claim 1, Wherein the system 
includes only a single exhaust channel. 

10. The ventilation system of claim 1, Wherein at least one 
bloWer is con?gured to operate at a selected one of a 
plurality of bloWer speeds, and Wherein the system further 
comprises a sensor and a processor for monitoring a condi 
tion of the laser device and controlling the bloWer speed 
based on a value of the monitored condition. 

11. The ventilation system of claim 1, further comprising 
an aperture component for alloWing exhaust to How at a 
selected one or a plurality of exhaust ?oW rates, and a sensor 
and a processor for monitoring a condition of the laser 
device and controlling the aperture component based on a 
value of the monitored condition. 

12. A ventilation system for a laser device, comprising: 

a housing of the laser system Which encloses a plurality of 
compartments and includes at least one air inlet; 

an exhaust channel de?ned Within the housing for receiv 
ing exhaust from the plurality of compartments; 

a plurality of intake ports each of Which is positioned 
doWnstream of at least one compartment and upstream 
of the exhaust channel; 

a single bloWer for forcing exhaust to How from the 
plurality of compartments to the exhaust channel; and 
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an exhaust port for expelling exhaust from the exhaust 
channel. 

13. The ventilation system of claim 12, further comprising 
at least one sensor for monitoring a condition of the laser 
device. 

14. The ventilation system of claim 13, Wherein the 
condition is selected from the group consisting of exhaust 
?oW speed, temperature, halogen concentration, oZone con 
centration, smoke concentration, pressure, differential pres 
sure and Whether a compartment is open. 

15. The ventilation system of claim 13, Wherein the sensor 
has a location selected from the group consisting of the 
folloWing locations: inside a compartment, inside the 
exhaust channel, near an air inlet and near an intake port. 

16. The ventilation system of claim 13, Wherein the 
system includes only a single exhaust port. 

17. The ventilation system of claim 13, Wherein the 
system includes only a single exhaust channel. 

18. The ventilation system of claim 12, Wherein the 
system includes only a single exhaust port. 

19. The ventilation system of claim 18, Wherein the 
system includes only a single exhaust channel. 

20. The ventilation system of claim 12, Wherein the 
system includes only a single exhaust channel. 

21. The ventilation system of claim 12, Wherein the 
bloWer is con?gured to operate at a selected one of a 
plurality of bloWer speeds, and Wherein the system further 
comprises a sensor and a processor for monitoring a condi 
tion of the laser device and controlling the bloWer speed 
based on a value of the monitored condition. 

22. The ventilation system of claim 12, further comprising 
an aperture component for alloWing exhaust to How at a 
selected one or a plurality of exhaust ?oW rates, and a sensor 
and a processor for monitoring a condition of the laser 
device and controlling the aperture component based on a 
value of the monitored condition. 


