                                                     Oxygen Purge

Ion pumps can lose pumping efficiency and become unstable if they are exposed to large quantities of gases that have little or no reactivity with Titanium, this includes argon and the other noble gasses as well as other very stable molecules.  The relative ease of ionization of gas molecules will also affect the speed at which a gas pumps.

In the ion pumping process gas molecules that do not readily react with Titanium (Argon for example) will be ionized and accelerated toward the Titanium cathode plate. Most noble gas molecules that are ionized and accelerated into the Titanium cathode plate are driven into the Titanium several molecular layers deep.  Eventually during the normal sputter-ion pumping process  layers of the Titanium cathode plate are sputtered away and the noble gases which did not react with the Titanium cathode will be exposed and released back into the vacuum system.  A few of the ionized noble gas molecules that are accelerated toward the Titanium cathode plate will pick up an electron from that Titanium cathode plate and be reflected (“bounce”) off the Titanium cathode plate.  Gas molecules that are reflected usually impact and stick in areas of the ion pump element that are not sputtered on and are effectively out of the system.  Noble gas molecules that are reflected from the cathode plates onto non-sputtering areas of the ion pump element will eventually be covered over (buried) by reflected compounds formed from gasses that do react with Titanium and Tantalum.

Ion Pumps that have been exposed to higher levels of noble or difficult to pump gasses than an ion pump can conveniently handle can exhibit symptoms of reduced pumping speed and / or temporary unexplained pressure increases.  Temporary pressure increases and the appearance of slow pumping can be the result of noble gasses buried in the titanium cathode plates that are being uncovered by the sputter-ion pumping taking place and these uncovered gasses are being re-released into the vacuum system.

In most Physical Electronics ion pumps the DI (differential Ion) diode pump element is used, the DI ion pump element design uses one Titanium cathode plate and one Tantalum cathode plate.  Tantalum is a very dense metal so all gas molecules that are accelerated toward the Tantalum cathode plate pick up an electron from the tantalum cathode and are reflected and stick in non-sputtering areas of the ion pump.  The Tantalum cathode plate greatly increases ion-pumping efficiency with gases that are difficult to pump due to low reactivity with Titanium. 

To remove residual noble gasses from the ion pump plates and prevent their return into the vacuum system there is a process of purging the ion pump with oxygen (dry nitrogen would be a second choice).  Increasing the pressure in the vacuum system greatly increases the sputtering rate of an ion pump, the increased sputtering rate will shorten the time needed to uncover the noble gas molecules that have been accelerated into the Titanium plate.  Once the sputtering uncovers the noble gas molecules they are released back into the vacuum system and there is a 50% chance they will be ionized and accelerated into the Tantalum plate.  The Tantalum ion pump plate will reflect the noble gas molecules into areas of the pump element that do not receive sputtering where they will stick until they are covered by other titanium compounds that are being created in the ion pump.  

The procedure for an oxygen purge is to introduce oxygen into the vacuum system through a leak valve increasing the pressure to 5 x 10-6  Torr. Use your ion gauge while adjusting the oxygen pressure then note the ion pump current and shut off the ion gauge filament, use the leak valve to maintain the noted ion pump current.  When adjusting oxygen flow into an ion pump be sure not to exceed the pressure at which the increased ion pump current will cause the ion pump controller to shut off. Another method of adjusting the oxygen flow for Physical Electronics ion pumps is to increase the oxygen pressure until the ion pump has a power consumption of 30 watts per ion pump element.  The wattage method of determining oxygen flow requires that the ion pump operator know how many ion pump elements are contained in their ion pump.  Ion pumps undergoing an oxygen purge should pump on the oxygen for a minimum of 14 to 24 hours.

