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(57) ABSTRACT 

This invention consists of an apparatus and method of 
permitting automatic, in-situ cleaning of the proceSS cham 
ber and condensation trap of the Vacuum pumping System 
used for etching Gallium Arsenide and other materials 
producing toxic and condensable etching by-products. This 
automated cleaning greatly reduces the danger of human 
exposure to the toxic materials and by-products of the 
etching. There are two key features. First, the proceSS 
chamber and condensation trap are designed So that all 

components are vacuum-sealed to each other (or may be 
purged with inert gas) Such that during wafer processing gas 
phase Species from the process environment cannot con 
dense in narrow Spaces between components in the chamber. 
The Surfaces of all parts that come in contact with, and may 
react to, enchant byproducts, proceSS gases, or any cleaning 
liquid, are covered with nickel, or Teflon or other highly 
chemically inert coating. The Second feature is that a liquid 
cleaning cold wall condensation trap is used to capture 
etching byproducts. The reactor and trap are cleaned Sepa 
rately or simultaneously by injecting water, with or without, 
liquid cleaner(s) into the process chamber through a set of 
injection holes. Said liquid cleaner may contain acidic, 
caustic or other reagents. The wet cleaning Step dissolves or 
converts to Soluble form any arsenic (or other toxic) com 
pounds condensed in the process chamber or trap. In addi 
tion the flushing action of the liquids aids in the dislodging 
and removal of any insoluble or low Soluble deposits. Liquid 
cleaning is typically followed with a heated air or nitrogen 
flow to evaporate any remaining liquid. Said cleaning pro 
ceSS may have multiple Steps. 

In a typical clean Sequence the chamber and trap are flushed 
with water-based cleaning compounds that may be acidic or 
basic. This may be followed by a water-based rinse to rinse 
away all condensates or remnant compounds from the 
etching process. The next Step may be a rinse with an alcohol 
or non-aqueous liquid with higher vapor pressure to Scav 
enge or drive out remaining water. And finally, the System 
may be purged with a drying gas Such as nitrogen to remove 
remnant traces of liquid. The result of Such flushing is the 
Virtually complete removal of traces of arsenic and its 
compounds from the System So as to greatly improve the 
Safety of any ensuing manual chamber clean or replacement 
of parts. This cleaning process also maintains a more con 
Sistent process environment for process Stability and reduces 
particulate that can affect yield. 
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APPARATUS AND METHOD FOR IN-SITU 
CHAMBER CLEANING IN A COMPOUND 
SEMCONDUCTOR ETCHING SYSTEM 

RELATED APPLICATION 

0001. This application is based upon Provisional Appli 
cation No. 60/472.279, filed May 20, 2003, the priority of 
which is claimed. 

BACKGROUND OF THE INVENTION 

0002 The etching of many arsenic containing III-V com 
pound Semiconductors, including Gallium Arsenide, pro 
duces toxic reaction products Such as Arsenic Chloride. 
These etch reaction products have modest vapor pressures at 
room temperature and may condense on the walls of the 
etching reactor and in the vacuum pumping System used to 
exhaust the etching chamber. This condensate material and 
materials formed by reaction of condensates with atmo 
Spheric gases or moisture are hazardous to the health of the 
worker who does periodic cleaning or maintenance of the 
reactor. Previous methods of cleaning reactors used for 
gallium arsenide etching used gas phase cleaning followed 
by manual cleaning. While in-Situ gas phase cleaning does 
not expose workers to the chamber interior, manual cleaning 
does expose workers. Manual cleaning is needed about 
every Several hundred wafers to maintain process integrity. 
Normally, gas-phase in-situ chamber cleans, which can be 
very slow and time consuming, Still leave hazardous 
amounts of toxic arsenic compounds condensed in the 
proceSS chamber and pumping System. Due to this, manual 
cleaning of the chamber and pumping System for III-V 
etching Systems is done at Substantial expense (and Some 
risk) by personnel using hazardous material apparatus. Some 
new, deep etching applications for the compound Semicon 
ductor wafer require etching of Several tens of microns of 
material per wafer rather than the fraction of a micron 
normally done during wafer fabrication. In this case there 
will be a great deal more toxic material deposited on the 
chamber walls than during conventional etching. In addition, 
there will tend to be large amounts of condensed toxic 
compounds in vacuum System components Such as throttle 
Valves and isolation valves. This will necessitate much more 
frequent manual cleaning of the chamber and pumping 
System than is currently performed on Such etching cham 
bers-with a Substantial increase in operating cost per wafer 
etched. 

0003. One alternative, sometimes used in some etching 
Systems where condensation of reaction products in the 
proceSS chamber is undesirable, is to heat the chamber walls 
and internal components. In this case it would also be 
necessary to heat the proximate components of the pumping 
System Such as isolation valves, throttle Valves, and pressure 
monitors. The required temperature to Virtually eliminate all 
condensation of etch products containing arsenic is rather 
high-approximately 80 Celsius. Heating Such large Sub 
Systems to this level is often not possible, and when it is 
possible, it tends to increase the downtime associated with 
manual chamber cleans. Downtime is increased because it is 
difficult to design a process chamber and pumping System 
components that work reliably over extended periods at Such 
temperatures. One difficulty is the substantial thermal 
expansion of the metal chamber relative to the Support 
Structure and the interfacing wafer handling System. Another 
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is that many Seals fail prematurely at elevated temperatures. 
This elevated temperature also makes working on, or near, 
the System more difficult and/or more hazardous to all 
personal. In addition, the arsenic Species that do not con 
dense in the reactor will condense in larger quantities further 
down the pumping path when using a heated chamber 
design. When these reactants condense in the pumps the 
pumps become very hard to keep in proper operating con 
dition or require frequent and hazardous cleaning. It would 
be possible to interpose a cold trap in the pumping line to 
condense and isolate the toxic compounds, but due to the 
high etching rate required a high conductance is required. It 
is very difficult to get the efficiency needed in Such a trap 
while maintaining high gas conductance at low operating 
preSSures. There is a tendency for condensation in the lines, 
and pump, to be unacceptably high. Therefore, a better, more 
effective and Safer means of virtually completely eliminating 
Such toxic condensates in the etching chamber and pumping 
System is needed. 

SUMMARY 

0004. The invention uses an automatic method of wet 
cleaning both the process chamber and the closely posi 
tioned cold trap with its associated plumbing. The invention 
also provides for the blowout and rapid drying time of the 
Vacuum parts to So that total cleaning time is less then by 
conventional means. 

0005. This improved method and apparatus for the wet 
cleaning of etch Systems having toxic residues, utilizes the 
physical and chemical cleaning properties of flowing water 
and water-based chemicals which also can wash away toxic 
and gritty residues, coupled with the properties of Solvents 
to remove water and other contaminants. The invention 
provides for normally flat horizontal Surfaces to be sloped in 
order to reduce liquid residue after cleaning, and also 
provides for liquid shields and appropriately designed 
O-ring Seals to prevent cleaning liquids from entering cracks 
and other areas that would be difficult to dry. 
0006 To eliminate water (and other cleaning fluids) from 
leaking into the vacuum System, multiple valves are used. 
The valves isolate water pressure from a water drain, and the 
water Source, as well as from leaking into the vacuum 
System. Multiple valves are used in Series to isolate liquids 
from vacuum. Since no Seal is perfect, an additional valve 
may be connected to the plumbing line that is located 
between the two series valves with its exhaust port pointed 
down so that it vents to the floor of the room (or to a catch 
tray). Thus, even with very leaky valve Seals, no liquid can 
build up between the two Series valves, and thus no liquid 
can enter the vacuum system through the valve that provides 
the vacuum Seal. Any liquid that exits the plumbing via the 
Valve placed between the two Series valves can trigger an 
alarm to indicate that Service is required. 
0007 To minimize the drying time of system parts after 
automatic wet cleaning, water-scavenging Solvents (which 
may include alcohol) may be passed through the System, 
followed by hot gas (typically air) being blown through the 
System. Heating the chamber parts can also assist in reduc 
ing the time required for complete drying. The heating of the 
chamber parts also helps reduce the build up of condensates 
during the etching process. A modest chamber temperature 
of 50° to 80° C. is all that is required. 
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0008 Accordingly, several objects and advantages of the 
invention are to provide for a cleaning method that is Safe for 
perSonnel as well as faster than combined gas phase cleaning 
followed by manual cleaning. It is also an object of the 
invention to provide a better and faster method of etch 
chamber cleaning that greatly reduces human exposure to 
arsenic while avoiding the problems associated with Virtual 
leaks when Vacuum to liquid Seals are required. Still further 
objects and advantages will become apparent from the Study 
of the following description and accompanying drawings. 

DRAWINGS 

0009 FIG. 1 is a cross-sectional schematic drawing of a 
Vacuum process chamber with a large Vacuum valve and the 
asSociated water cleaning inlet valves and water cleaning 
exhaust valves. 

0.010 FIG. 2 is a cross-sectional schematic drawing of 
the chamber lid seal showing the “O'” Ring and liquid 
protection shield. 
0.011 FIG. 3 is a cross-sectional schematic drawing of a 
cold trap with large Vacuum valves and the associated water 
cleaning inlet Valves and water cleaning exhaust valves. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0012. The following description can be applied to any 
etching System but is most frequently used with a narrow 
gap parallel plate reactor where the top electrode also Serves 
as the gas Supplying showerhead. 
0013 FIG. 1 shows a process chamber 1 with lid 2. The 
lid is curved to allow water flow to provide washing of the 
lid itself, the chamber walls, the chamber bottom 3 and the 
lower plumbing lines. Splashing and Spraying would allow 
for the cleaning of electrodes within the reactor (FIG. 1, 
items 43 and 44). Exhaust line 4 contains a butterfly throttle 
Valve 45, for controlling chamber pressure connects to the 
main vacuum valve 11. Exhaust line 4 has a sloped bottom 
6 to reduce the trapping or puddling of any cleaning liquid. 
Valve 7 is a vacuum isolation valve used to drain liquid from 
the chamber and vacuum line 4. Drain line 8 provides means 
of drainage during cleaning. Valve 9 provides a means of 
isolating the vacuum System from the backpressure of the 
drain. Valve 10 is closed when the system is being cleaned 
So that cleaning water can pass through Valve 9 and go to the 
drain. Valve 10 is open when the system is under vacuum so 
that any water leaking past valve 9 leaks out to the floor (or 
tray) and cannot access valve 7, which is a vacuum Seal 
valve. 

0014) Water inlet port 17 is connected to valve 16. This 
valve is opened when water washing is desired. Valve 13 is 
a vacuum valve and is also open when water Washing is 
desired. Valve 15 is a valve to prevent virtual water leaks, 
and is closed during water cleaning. This valve is open when 
Valves 13 and 16 are closed to prevent any water leaking past 
Valve 16 from reaching valve 13. Any water leaking past 
valve 16 will flow out of valve 15 into a catch tray where it 
can be detected and Sound an alarm. Water line 5 connects 
valve 13 to the relative top of the vacuum chamber. 
0.015 When liquid washing is in operation, soluble mate 
rial and some insoluble material is washed off of the 
chamber lid 2, the top electrode 43, and the bottom electrode 
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44, the fluid then flows down the chamber sidewalls 1, to the 
bottom of the sloped chamber 3. All the cleaning solutions 
then funnel down pumping line 4, and washes and breaks 
loose Solids that are formed on the throttle valve 45, which 
was left open for cleaning. The concentrated flow is very 
useful in cleaning this area because the throttle valve is one 
of the areas that get deposited on the most, and because the 
moving parts of this valve can easily jam when not kept 
clean. The cleaning Solution then exits the System though 
open valves 7 and 9. 
0016 FIG. 2 shows the vacuum seal, via “O'” Ring 20, 
between the chamber 22 and the chamber lid 18. The Small 
space between chamber lid flange 19 and chamber flange 21 
is protected from filling with liquid during automatic wet 
cleaning by Shield 21. AS water or water-based chemicals 
run down the curved chamber lid it comes in contact with the 
shield and flows down the shield to the side walls of the 
chamber, thus bypassing the "O' Ring groove and the Small 
Space between the lid flange and the chamber flange. For 
clarity the drawing Shows the lid in a position that is slightly 
open. Water captured in the Small space between the flanges 
would be difficult to remove and be the Source of a virtual 
water leak. The Shield prevents water from being captured in 
this location. 

0017. In practice, the chamber plumbing, and the cold 
trap plumbing, are connected by a high conductance pipe 
that is as short as possible. Thus the pumping valve 11 
shown in FIG. 1 is the same valve show in FIG. 3 as 
pumping valve 28. 
0018 FIG. 3 shows a cold trap 24 with large vacuum 
valves 28 & 30 and cleaning valves. The cold trap has a 
liquid nitrogen reservoir 25 for freezing out or condensing 
most etching gases and byproducts. Rapid cleaning of the 
trap is accomplished by closing vacuum valves 28 & 30 and 
allowing the Liquid Nitrogen to pour our of drain 27 (control 
valve not shown). The trap is then quickly defrosted by 
flowing water into the trap by opening valves 34 & 36 that 
admit water form pressurized water line 43. Water and 
condensate are exited via drain line 42 by opening valves 39 
and 41. When the trap is clean, the system can be dried by 
blowing hot air through the same plumbing lines. 
0019. The cold trap 24 does not collect much liquid, as 
the trap is not level, allowing liquid to efficiently drain to 
valve 39. Airflow following liquid flow insures that there is 
no fluid left in the drain tube between the trap and valve 39. 
In a like manner, the flat Surfaces of Liquid Nitrogen 
reservoir 25 are not level and thus avoid capturing liquid. 
The plumbing lines 29 & 31 that connect the trap and the 
large vacuum valves 28 & 30 are also sloped to prevent 
liquids from being trapped. 
0020 AS in the description of FIG. 1, when the trap is not 
being cleaned valves 35 & 40 are opened to prevent any 
water that leaks past valves 36 & 41 from reaching valve 34 
or 39. Thus with no water at the vacuum valve, virtual water 
leaks are eliminated. 

0021 Description of Invention 
0022. This invention consists of a new configuration for 
the etching chamber and cold trap in a high removal rate 
Ill-Vetching System, and a method for their cleaning. This 
designed apparatus and method of operation assures that 
Virtually all the condensable toxic compounds produced by 
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the etching are trapped, and that these compounds can be 
readily cleaned with a wet chemical clean. This wet clean 
must remove Substantially all the toxic compounds from the 
chamber, plumbing, and trap to Significantly reduce the 
Safety hazard associated with manual cleaning and mainte 
nance of the chamber and System. This invention can also 
Save time and money by reducing the frequency of manual 
wet chamber cleans. High rate anisotropic etching of Gal 
lium Arsenide and other III-V materials requires that the 
chamber and trap have high gas conductance to allow the 
required high flow rates of etch reactant and reaction product 
gases at optimum low proceSS preSSures. These objectives 
are accomplished by our design for the configuration and 
Sealing of components within the proceSS chamber and trap, 
and the means provided within both for wet chemical 
introduction. By virtue of the design, the wet clean is able to 
reach and remove all etch products condensed from the gas 
phase, without degrading the functionality of the chamber. 
Critical to achieving these objectives, is the method of use 
where water or other water-based chemicals are used in the 
cleaning process. As a result, it is one capability of this 
cleaning System to greatly reduce the required frequency of 
manual cleaning of the chamber. In Some cases the wet clean 
is able to eliminate the need for manual post-cleaning by 
adequately removing condensates from critical components. 
Consequently, etching may be resumed without opening the 
chamber for cleaning by a human being. This greatly 
reduces the cost of operation of the System and reduces the 
time when the system is inoperable. 

0023 The design of the chamber, trap, the connection 
between them, and the connection to the throttle/gate valves 
are critical So that there are no tight confined spaces in which 
condensation could occur but the wet clean might not be 
effective in removing the deposited materials. It is also 
critical to avoid trapping water or other liquids in confined 
Spaces in the chamber and trap So that they will not affect the 
etching process. In effect, we describe a Seamless interior in 
the chamber, trap, and valve-Sealing Surface So that there are 
no tight confined places accessible to the gas phase or 
cleaning liquid(s). We show a Schematic of the typical 
etching chamber and valves in FIG. 1, and in FIG. 2 show 
a large flange area that Substantially avoids condensation 
and liquid. In FIG. 3 we show one embodiment of the 
cold-trap and valve configuration. In these figures it can be 
Seen that there are typically many SpaceS where trapping of 
condensates or liquid might occur. It is also clear that 
condensation of toxic Species will occur on Valves that have 
moving parts, almost certainly compromising their function 
ality without frequent manual cleaning. However, in this 
invention the water-based cleaning removes Such deposits 
without manual intervention. 

0024. It is well known that Supplying water to a vacuum 
System by conventional means is inadequate in preventing 
proceSS-damaging water from entering the vacuum system. 
It is the object of this invention to teach a method of 
eliminating water leaks into the vacuum System with the use 
of the design of plumbed valves described herein. 

0025 Thus the invention shows for the first time how 
high conductance pumping can be provided in a System that 
improves the Safety of maintenance people when etching or 
producing toxic materials in a plasma etcher without the 
disadvantages of water and liquid contamination. 
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0026. Because of the large amount of etching and thus 
large amount of condensate collected, trap cleaning may 
need to be frequent. Because System uptime is of great 
importance, downtime due to trap cleaning must be mini 
mized. While trap defrosting typically takes hours, it is an 
object of this invention to provide trap cleaning and reacti 
vation in less than 30 minutes. This is accomplished by first 
blowing all coolant from the trap coolant reservoir, and then 
defrosting the trap with a large volume flow of water. This 
flow of water and water-based chemicals Such as acid or 
caustic compounds also provides for a Substantial portion of 
the cleaning of the trap. Additional cleaning and removal of 
remaining water can then be quickly completed with the 
addition of Solvents or high vapor pressure fluids. Finally, 
drying air is heated to 100 C. by inline electrical heaters and 
blown through the vacuum Section of the trap to remove all 
moisture. The cleaned trap can then be filled with coolant 
and its isolation valves opened to the vacuum pumps and 
process chamber. 
0027. It is desirable when designing vacuum systems to 
avoid water to vacuum Seals. This is especially true when 
grit or deposits can Settle on Valve Seals after a cleaning 
cycle. It is an object of this invention to provide a method 
that prevents water leaks into a vacuum caused by grit or 
deposits that are moved about during a cleaning cycle. The 
invention uses Self-cleaning ball valves to prevent any 
deposits from compromising the valve Seat. AS shown in 
FIG. 3, three two-way valves are connected in such a way 
that they can Supply water to the trap when needed for 
cleaning but when water is not flowing to the trap there is no 
Vacuum to water Seal. In this arrangement if any of the Seals 
leak, only air gets into the vacuum system. Any water getting 
past a Seal goes to a drain or to the room. Detection of any 
water leak to the room would trigger the System being 
Serviced at a convenient time, as the vacuum System would 
not be seriously compromised. Water Supply and water drain 
lines would be plumbed in the same configuration. The 
description mentioned above is only one of Several configu 
rations of valves that can accomplish the required task. Only 
one configuration is shown however one trained in the art 
would recognize that the same results could be achieved 
with a smaller number of valves if three or four-way valves 
were used instead of two-way valves. 
0028. Although etching of toxic materials is described in 
detail it should be obvious to one skilled in the art that all of 
the same advantages provided by this invention for the 
etching of toxic materials is also afforded to plasma Systems 
that are depositing toxic materials. For brevity only the etch 
System is mentioned throughout. 
0029 Operation 
0030. When the vacuum system is under vacuum and 
processing work pieces, all valves shown would be closed 
except pumping Valves 28, 29 and water leak prevention 
valves 15 and 9. 

0031 When the system is in need of cleaning, valves 28, 
29, 15 and 9 would be closed and cleaning input valves 13 
and 17 would be opened along with the throttle valve 45. At 
the same time liquid-draining valves 7 and 9 would be 
opened. During this operation liquid would be sprayed 
and/or flow down the inside of the chamber lid and chamber 
walls. The liquid shield would prevent liquid from getting 
into tight Spaces that could trap liquid. The chamber, elec 
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trodes (not shown), valves and throttling valve would all be 
cleaned by the action of solvents. In addition non-soluble 
condensables would be flushed away by the flow of liquid 
further adding in the cleaning process. 
0032. When cleaning was complete heated air would be 
substituted for the cleaning fluid to dry the system out. Valve 
positions would remain the Same as during liquid cleaning. 
The flow of hot air would force the liquids to the drains aided 
by the Slopping of otherwise horizontal Surfaces. The force 
of the moving gas pushes the fluids to the drains and the 
elevated temperature of the gas increases the evaporation 
rate of the liquids to reduce drying time. 
0.033 When the system is adequately dried the system is 
brought back under vacuum by closing valves 13, 17, 7, and 
9. While opening valves 14 and 10. The Ln2 trap can then 
be filled. Valves 28 and 30 can then be opened to pump down 
the System for processing. Valves having Some residue on 
Sealing Surfaces will Still have acceptable leak rates if 
Self-cleaning ball valves are used. 
0034). Thus quick, Save, and complete cleaning can be 
achieved without risk to personal when processing toxic 
materials. Such as GaAS. 

1. A plasma etching or deposition System comprising a 
proceSS chamber, electrodes, vacuum lines with shutoff 
valves, a valve System to inject cleaning fluid(s) and a valve 
system to drain fluids from the chamber to be cleaned. 

2. A plasma etching or deposition System comprising a 
proceSS chamber, electrodes, vacuum lines with shutoff 
Valves making connection to a cold trap for condensation 
pumping, a valve System to inject cleaning fluid(s) and a 
Valve System to drain fluids from cold traps and pumping 
lines to be cleaned. 
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3. A System as in claim 1 where an additional valve is used 
to allow liquids to be drained off by a valve open to the 
room, or catch pan, in order to prevent liquid from reaching 
the Seals of a vacuum Valve when the System is under 
Vacuum in order to prevent virtual water or liquid leaks into 
the proceSS chamber or vacuum system. 

4. A System as in claim 2 where valves are used to allow 
liquids to be drained off by a valve open to the room, or catch 
pan, in order to prevent liquid from reaching the Seals of a 
Vacuum valve when the System is under Vacuum in order to 
prevent Virtual water or liquid leaks into the proceSS cham 
ber or vacuum System. 

5. A System as in claim 1 where liquid(s) are used for 
cleaning that comprises a water Shield to prevent liquids 
from entering Small spaces that would be difficult to dry. 

6. A System as in claim 2 where liquid(s) are used for 
cleaning that comprises a water Shield to prevent liquids 
from entering Small spaces that would be difficult to dry. 

7. A System as in claim 1 where plumbing lines, chamber 
bottoms, and trap Surfaces are all made to be non-horizontal 
to facilitate good drainage and prevent puddling. 

8. A System as in claim 1 where plumbing lines, chamber 
bottoms, and trap Surfaces are all made to be non-horizontal 
to facilitate good drainage and prevent puddling. 

9. A System as in claim 1 where the liquid cleaner consists 
of water and water based chemicals followed by solvents 
Such as alcohol that help remove water from the chamber. 


