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Abstract 

Ultra low outgassing rates would be highly 
advantageous in accelerators and storage rings, such as 
the Next Linear Collider (NLC), where an outgassing rate 
of <10-12 Torr liter/sec/cm2 could eliminate the need for 
costly distributed pumping. Measuring such low 
outgassing rates at room temperature has many 
difficulties. However, by inspection of Fick's law, it can 
be seen that thermal desorption is proportional to 
outgassing rate. It is commonly observed that the outgas 
rate doubles approximately every 15ºC for temperatures 
under 100ºC. By measuring outgassing rate versus 
temperature and time and extrapolating back to room 
temperature we can measure outgassing rates that would 
otherwise be difficult to make. To produce a reliable 
measurement also requires the total surface area under 
study to be approximately an order of magnitude greater 
than the area of the measurement chamber walls. To 
accomplish this, 27 plates of 5083 aluminum were placed 
in the measurement chamber. This technique will be the 
basis for future investigation of outgassing rates of other 
sample plates fabricated with different machining and 
cleaning techniques. 

1 INTRODUCTION 
The general technique used to measure outgassing rates 

is a chamber of volume V pumped through an orifice of 
known conductance, C. On each side of the orifice, 
gauges record the pressure. When certain conditions are 
met, the outgassing rate can be calculated as Q = C(P2-P1). 
There are many difficulties for measuring ultra low 
outgassing rates with this technique[1]. 

A common problem is when the outgassing rate on the 
sample side of the chamber is very low, the differential 
pressure across the orifice is smaller than the accuracy of 
the gauges resulting in large measurement errors. If the 
outgassing rate of sample side of the chamber becomes 
even lower, the total adsorption of gas molecules on the 
surfaces is greater than the desorption and a negative 
differential pressure can result, in other words, the sample 
side is out pumping the orifice. 

By inspection of Fick's law, it can be seen that thermal 

desorption is proportional to outgassing rate[2]. It is 

commonly observed that the outgassing rate doubles 
approximately every 15ºC for temperatures under 100ºC. 
Heating the measurement chamber produces higher 
outgassing rates from the sample which results in a 
greater differential pressure across the orifice allowing for 
a more accurate measurement. Using the elevated 
temperature data to extrapolate back to room temperature, 
outgassing rates can be measured that would otherwise be 
difficult to make. 
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2 SYSTEM DESCRIPTION 
The LLNL outgassing measurement vessel is a 

rectangular chamber that is divided into two sub-
chambers by a wall that has a fixed diameter orifice. The 
sub-chamber for the samples is a 6 inch cube with an 8 
inch conflat on top for inserting samples. The primary 
instrumentation consists of two Granville Phillips Model 
370 Stabil-ion gauges, one mounted on each side of the 
orifice. 

Each 370 Stabil-ion gauge is individually calibrated (for 
nitrogen) at the factory and is shipped with a memory 
module containing the calibration curve. The memory 
module is then downloaded into the gauge controller and 
provides 3% accuracy. 

The actively pumped side of the vessel uses a Seiko 
Seiki magnetically levitated turbomolecular pump and 
also has a Leybold-Inificon Transpector II RGA.  

Thermocouple, ion gauge and RGA data is recorded by 
a G3 PowerMac running LabView software. The software 
also controls the temperature of the chamber through a 
temperature controller. The conductance of the orifice is 
corrected for temperature and the outgassing rate is 
calculated from the differential pressure across the orifice.  

The outgassing rate of the chamber itself has been 
measured many times and is subtracted from the total 
measured outgassing rate to provide the outgassing rate of 
the sample. However, since all the parameters effecting 
the outgassing rate of the blank runs cannot be perfectly 
controlled, the chamber outgassing rate can vary. Also, 
during the heating cycle, the exact activation energy of 
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The heat radiated to the sample plates under vacuum 
from the hot filament ion gauge results in the initial 
steady state plate temperature of 52ºC. The initial 
chamber wall temperature is 30ºC because of conduction 
and convection cooling with the atmosphere. Anytime 
there is one surface cooler than the other, it is hard to 
predict the interaction of the rates of adsorption or 
desorption between the two surfaces. 

known. Or in other words, one cannot assume the specific 
outgassing rates are equal when they are at the same 
temperature. Using a sample surface area 10 times greater 
than the chamber surface area helps minimize these 
errors. 

2.1 Sample Preparation 
Aluminum vacuum chambers are planned for NLC to 

save expense. It was decided to attempt to duplicate the 
results at ELETTRA[3], where they reported rates as low 
as 1x10-13 Torr-liter/sec/cm2 from milled surfaces with a 
finish of 0.2�m. 
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Flat plates were chosen because they would be the most 
easily produced sample and would most likely achieve the 
desired surface finish. Additionally, they facilitate 
packing the most surface area into the measurement 
chamber volume. Plates of 5083-H321 were purchased in 
a thickness of 6.4mm and cut into 145x145mm squares. 
They were held in a vacuum chuck in a horizontal milling 
machine and reduced to the final thickness of 3.2mm 
using Trim® Sol cutting fluid that was sulfur and silicone-
free. All six surfaces of each plate were machined. The 
final surface finish varied from a minimum of 0.2�m to a 
maximum of 0.3�m, with an average of about 0.24�m. 
The samples were then vapor degreased with 
perchlorethylene and rinsed with deionized water. 

Figure 1.  Pressure and temperature versus time A comb shaped sample holder was inserted into the 
measurement chamber and held 27 sample plates. The 
total surface are of the sample plates was 11,473 cm2. 

 
During the phase where the temperature was stepped 

up, the chamber wall and sample plate temperatures 
become equal. During this phase it is assumed that 
thermal desorption is the dominate term for both surfaces. 3 MEASUREMENTS 

The sample plates and measurement chamber were 
initially conditioned and an outgassing rate measured at a 
steady state temperature. In the following runs, the 
measurement chamber heaters were stepped up 15ºC 
every four hours and the outgassing rate measured as a 
function of temperature  

As noted before, Figure 1 shows the third run where the 
final setpoint temperature was held for 24 hours. Figure 1 
shows that while the chamber wall temperature was held 
constant for the 24 hours, the sample plate temperature 
continued to increase. Since it is actually the measurement 
chamber wall temperature that is being controlled, the 
chamber wall heat loss to atmosphere requires extra heat 
to be applied to hold the wall temperature constant. The 
sample plate temperature rise is due to the heat loss of the 
chamber walls to atmosphere being greater than the heat 
loss of the sample plates due to re-radiation in vacuum. 
Because it is hard to predict the interaction of gas 
molecules between the two surfaces at different 
temperatures, it is difficult to determine the true 
outgassing rate of the sample during this phase.  

3.1Initial Conditioning  
The sample plates and measurement chamber were 

initially conditioned by baking at 150ºC for 24 hours. 
Future bakeout recipes will be adjusted to reflect the 
requirements of the metallurgy such that the heat treating 
will not be affected. After cooling down, the system was 
passivated for 30 minutes with nitrogen boil off from a 
liquid nitrogen tank and then pumped down for 120 hours. 

The temperature steps also constitute baking out the 
system, so lower outgassing rates would be expected as 
the system cools down. However, during the cooldown 
cycle, the vessel walls cool at a faster rate than the sample 
plates, which results in a very low apparent outgassing 
rate. It would be very difficult in this phase to determine 
the true outgassing rate of the sample since we do not 
know the adsorption rate of the vessel walls versus the 
desorption rate of the sample plates. As further cooling 
occurs, the differential pressure across the orifice becomes 
very small and eventually becomes negative indicating 

3.2 Temperature Step Measurements 
For these tests, the measurement chamber heaters were 

then stepped up 15ºC every 4 hours. In addition, for the 
second and third runs the temperature was held at the final 
setpoint for 24 hours to simulate low temperature 
bakeouts. The ion gauge pressures and temperatures of the 
sample and vessel walls of the third run versus time is 
shown in the plot in Figure 1. The starting and ramping 
pressure and temperature profiles are typical of all three 
runs. 



that the adsorption by the surfaces is greater than the 
desorption and the conductance of the orifice. 

Figure 2 is a plot showing three consecutive runs of 
outgassing rate versus temperature. The upper portion of 
each curve is the outgassing rate during the heating cycle. 
The lower portion of each curve is the cooldown cycle. 
After the cooldown cycle, the next run would be started 
without passivating the system. Note the very low 
apparent outgas rates measured in the cooldown curves. 

The downward shift in the three curves shows the 
cleaning effect of baking out at low temperatures and long 
term pumping. Because of the clean surface conditions at 
the start of the second and third runs, the initial calculated 
outgassing rates appear to be very low. Once the 
temperature starts to increase, the thermal desorption 
increases and the measured outgas rate takes a large jump. 
At around 60ºC in the heating cycle, as the temperatures 
of the vessel wall and sample plate equalize, the 
relationship between the log of the outgas rate and 
temperature becomes linear as predicted. 
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Figure 2.  Outgas rate versus temperature for three runs 

 
The start of the second and third runs also demonstrates 

the difficulty in very low outgassing measurements at 
lower temperatures, especially after a bakeout. Since the 
differential pressure is very small, the relative percent 
measurement error is very large. Any small variation in 
the various parameters (such as temperature in this case) 
that influences the outgas rate causes a change in the 
differential pressure which can result in a large change in 
the measurement. 

In Figure 3, a simple linear extrapolation back to room 
temperature is shown for each of the three runs. All three 
extrapolations use the same slope. The cooling cycle is 
omitted because it is difficult to determine the true 
outgassing rate of the sample as discussed earlier. 

The second and third runs would represent typical 
surface conditions after a low temperature bakeout. Based 
on the extrapolation of the second and third runs, we 

measure the specific outgassing rate to be between 2x10-13 
and 8x10-14 Torr liters/sec/cm2. 
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Figure 3.  Outgassing rate extrapolation 

 
By the end of the third run, the system had been under 
vacuum for over 500 hours and had been baked out to 
over 120ºC four times (counting the initial conditioning 
run not shown in this report). It is predicted that the 
difference in the outgas versus temperature curves for 
additional runs would become smaller and smaller as the 
system cleans up even further. 

4 CONCLUSION 
The measurement technique presented here allows us to 

determine very low outgassing rates that could not be 
directly measured at room temperature, especially 
following a bakeout where the surfaces are very clean. In 
this technique, temperature data from the sample and the 
measurement chamber must be carefully examined to 
avoid using data that may not be valid. For higher 
confidence in the measurement, several cycles are needed 
to map the trend, which requires the sample to be under 
vacuum for several hundred hours. 
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