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How to reduce the pump-down time and achieve ultra-high vacuum
faster
Definition of HV, UHV, and XHV system.
A regular roughing pump can usually achieve a vacuum level around 10-3 Torr range in a short amount of
time. To further reduce the pressure, a multistage vacuum pump system is required. High Vacuum (HV)
usually stands for the pressure between 10-3 Torr to 10-8 Torr range. Once the pressure reaches below
10-8 Torr range, it can be considered as Ultra High Vacuum (UHV). If the pressure is further reduced to
below 10-12 Torr range, it will enter the Extreme High Vacuum (XHV) range.

How to achieve an ultra-high vacuum (UHV) and beyond?
The traditional method of obtaining ultra-high vacuum (HV)
UHV is important for surface science research because the residual gas in the chamber can contaminate
the sample surface. UHV is also critical for charged particle accelerators, electron, ion, X-ray and EUV
imaging and analysis equipment to minimize the scattering of the ions, electrons, X-ray and EUV photos
with the residual gas atoms or molecules in the chamber.
The roughing pump can quickly remove the gas in the chamber from the atmospheric pressure. Gas flow
is mostly viscous in the low to medium vacuum. Chamber volume and pumping speed determine the
pump-down time in the low to medium vacuum.
Once the pressure reaches the high vacuum range, then the outgas from the chamber wall or the
internal components will dominate. In this pressure rane, the residual gas particles move randomly in
the chamber because of the high mean free path. Factors such as the surface area of the chamber wall
and other internal components, types of the materials, and the pumping speed of the vacuum system
determine the ultimate pressure and the pump-down time.
There are three major sources of outgassing inside a vacuum chamber: water, hydrocarbon, and
fluorocarbon. Long-chain hydrocarbon and fluorocarbon usually have low vapor pressure. For a certain
amount of outgassing source, the lower the vapor pressure, the longer it takes to outgas. High
temperature can increase the degassing rate. Baking is the commonly-used method to increase the
degassing speed in a vacuum chamber. The vapor pressure will increase at a high temperature for the
long-chain polymers.

Introduction to plasma cleaning
Plasma is also called the fourth matter. It consists of electrons, ions, neutral gas species. If oxygen or a
mixture of oxygen with one or more innert gases is used to generate the plasma, it can also generate
chemically reactive atomic oxygen and ozone. To generate the plasma, an external electric field (AC or
DC) will accelerate the electrons to an energy that is high enough to ionize the process gas. Then the
high energy electrons will transfer the energy to the atoms and molecules of the process gas through
impact ionization or dissociation. The energized process gas atoms or molecules will eject one or more
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electrons and becomes ions. The excited molecules can also break apart and generate smaller
fragmented atoms or molecules. Some of the excited atoms and molecules may also emit higher energy
UV photos. It is called plasma photoemission.

How can plasma clean speed up the pump-down process for the UHV chamber?
Plasma can be generated and sustained in the pressure range from 0.5mTorr to several Torr in the
downstream chamber. It’s fairly convenient to add a plasma cleaning step right after the initial chamber
evacuation step. Remote plasma sources like EM-KLEEN or SEMI-KLEEN can be directly hooked up to the
vacuum chamber with a CF2.75” flange or NW40 flange. It’s possible to add an isolation valve between
the remote plasma source and the UHV chamber. So the plasma source will only open to the main UHV
chamber during the plasma cleaning process. Once the plasma cleaning is finished, the isolation valve
can be closed off to the plasma source. Our EM-KLEEN and SEMI-KLEEN remote plasma source can be
operated when the chamber is pumped by a roughing pump only (turbopump off) or with the
turbopump turned on. We usually recommend running the plasma source with turbopump in operation.
If the turbopump is in operation, the pressure range inside the main chamber during plasma cleaning is
usually around 0.5mTorr to 2mTorr, which is safe for most of the turbopumps. The gas flow rate is
somewhere between several sccm to tens of sccm depending on the pumping speed. Here are several
possible mechanisms that plasma cleaning can speed up the pump-down process.
1) Desorption, dissociation, and chemical reaction with water, hydrocarbon and fluorocarbon
contamination inside the UHV chamber. When the vacuum chamber is vented with air, the
internal surface can easily be coated with tens to hundreds of layers of water molecules. Besides
water, hydrocarbon and fluorocarbon can also be introduced into the chamber by ambient air,
samples, and other internal components. Water is usually the dominating residual gas in the
initial phase. Once the pressure reaches below 10-8 Torr range, hydrocarbon and fluorocarbon
can become more and more important sources of outgassing. In certain operating conditions,
plasma generated from the external remote plasma source like EM-KLEEN and SEMI-KLEEN can
diffuse into the downstream chamber and sustain a plasma in the downstream chamber. So the
energy can be directly transferred from the external rf power supply into the main UHV
chamber through the plasma. Once the plasma is generated in the main UHV chamber, external
rf energy will create high energy electrons, ions, neutral radicals, and UV photons. When the
high energy particles hit the chamber wall, they can knock out the absorbed water,
hydrocarbon, and fluorocarbon contaminants from the internal surface of the vacuum chamber.
In the process, some of the high chain hydrocarbon and fluorocarbon can be broken down into
smaller fragments, which usually have a much higher vapor pressure than the original long-chain
polymers. The desorption of the contaminants from the chamber wall and the dissociation of
the bonds in the molecules are physical processes. They can happen even when chemically inert
gas, such as argon or nitrogen, is used to generate the plasma. If oxygen or a mixture of oxygen
is used to generate the plasma, radical atomic oxygen or ozone can be created. They can
chemically convert the hydrocarbon into COx and H2O. The desorption of the water,
hydrocarbon, and fluorocarbon molecules happens on the surface. The dissociation or chemical
etching of the hydrocarbon and fluorocarbon molecules happens mostly inside the bulk of the
plasma volume after the molecules have been desorbed from the surface. The low-molecular2|Page
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weight by-products from the dissociation process and the chemical reactions are usually much
easier to be pumped out due to higher vapor pressure.
2) Purge the water out of the UHV chamber. During plasma cleaning, a certain amount of external
gas will leak into the plasma source to generate the plasma. The gas flow rate may range from
several sccm to tens of sccm. Once the water is desorbed from the internal surface of the UHV
chamber, it may take a long time to pump them out because the water molecules move
randomly in the high vacuum due to the long mean free path in the high vacuum pressure. This
is called molecular flow compared with the viscous flow in the low vacuum pressure. In the
molecular flow scenario, the chance of the desorbed water molecules hitting the internal
surface of the UVH chamber and getting absorbed again can be much higher than the possibility
of entering the vacuum pump and getting pumped out. Leaking some dry gas into the vacuum
chamber can increase the pressure and change to viscous flow, which can help to remove the
desorbed water molecules out of the UHV chamber faster. The purging gas flow admitted by the
plasma cleaning process can also help the vacuum pump to remove the condensed water inside
the vacuum pump. It has a similar effect as opening the gas ballast valve on the vacuum pump.

Experimental Results
Experiment setup
In the following test, an EM-KLEN plasma source was installed on the top of a small high vacuum
chamber. A UHV compatible isolation valve isolates EM-KLEEN from the main chamber. The isolation
valve only opens during plasma cleaning. Once the plasma cleaning is finished, the isolation valve will
close and reduce the leakage from the plasma source to the main UHV chamber.
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RGA spectrum before and after plasma cleaning
Several RGA were installed on the UHV chamber to measure the residual gas species inside the vacuum
chamber before and after the plasma cleaning step. Water, hydrocarbon and fluorocarbon peaks are
usually very prominent before chamber baking. It may take more than a week of chamber baking and
pumping at an elevated chamber temperature of 250 0C. But a 25-minutes plasma cleaning with
ambient air greatly reduced the water content and almost completely removed hydrocarbon and
fluorocarbon peaks from the RGA spectrum.
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Reduction of the pump-down time and improvement of the vacuum level.
Plasma cleaning significantly reduces the pump-down time and improve the vacuum level
Before the plasma cleaning method was implemented on the UHV chamber, the chamber could only
reach 1.1X10-7 Torr pressure while the heating was still on the chamber even after seven days of baking
and pumping. It means the water, hydrocarbon, and fluorocarbon still existed in the chamber at a
relatively high concentration even after seven days of baking and pumping.
Then the chamber was vented to the atmospheric pressure again to install the EM-KLEEN plasma source.
A 4-hour long plasma cleaning for the vacuum chamber with 80% argon and 20% oxygen as the process
gas was carried out right after the initial chamber pump-down. The chamber was then baked for two days
after plasma cleaning. The chamber pressure reached 2.4X10-8 Torr with heating still on after 4-hour of
plasma cleaning and two days of baking.
Even though the baking time was reduced from seven days to two days, the vacuum level improved by
more than four times. Plasma cleaning reduced the water, hydrocarbon, and fluorocarbon contamination
inside the UHV chamber at a much higher speed than regular chamber baking.

Visulization of the surface cleaning effect.
The effect of the plasma cleaning on the UHV chamber has been validated by analyzing the composition
of the residual gas inside the UHV chamber before and after plasma cleaning. In order to visualize the
plasma cleaning effect, a used RGA shield grid contaminated with a thick layer of hydrocarbon was placed
in the UHV chamber for plasma cleaning. The black carbon layer on the surface was deposited by low
energy electron dissociation with hydrocarbon gas in the chamber when the filament in the RGA is turned
on. The plasma cleaned RGA part is shown on the right. It proves that plasma cleaning with oxygen or a
mixture of oxygen plasma can effectively remove the carbon contamination on the surface of the internal
components inside the vacuum chamber.
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Plasma surface cleaning effect characterized by X-ray photoelectron spectroscopy
In another study, SEMI-KLEEN plasma source was installed on the load lock chamber of an XPS system. In
step 1, XPS system measured the composition of a clean InGaAs sample surface. In step 2, the sample was
cleaned by a 2-second remote hydrogen plasma. Then the surface was analyzed by XPS system again.
There is no carbon or oxygen contamination added to the surface by the hydrogen plasma cleaning step.
In step 3, the cleaned InGaAs sample was exposed to ambient air for 1 hour. The subsequent XPS
measurement indicated that the surface had been contaminated by carbon and oxygen. In step 4, the
contaminated InGaAs samples was cleaned by 2-second hydrogen plasma again.
The data proves that there are plenty of hydrocarbon contamination in the ambient air. So venting the
chamber with ambient air will recontaminate the chamber with hydrocarbon contaminations. It also
proves that remote plasma cleaning can effectively remove the contamination on the surface of samples
or on the surface of internal components in the UHV chamber.

Conclusions
Adding a plasma cleaning step right after the initial low vacuum pump down can significantly reduce the
overall pump-down time and improve the ultimate vacuum level. High energy particles generated by the
plasma can knock out the absorbed water, hydrocarbon and fluorocarbon contaminations on the
internal surface of the chamber wall and of the internal components. Plasma created with oxygen gas or
a mixture of oxygen gas can also chemically convert the long-chain organic polymers into high vapor
pressure by-products that can be easier to be pumped out. The relatively high gas flow during plasma
cleaning can also purge out the water molecules trapped in the UHV chamber. It can also remove the
water condensation inside the vacuum pump.
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