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Plan of presentation

o Comprehensive outgassing capabilities at ORS

o What is Ultra-High Vacuum Evolved Gas Analyzer (UHV-EGA)?

o Case study
• Failure analysis for hermetic packages that failed MIL-STD 883, 

TM 1018

o What is next: Standard Test Method
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Material outgassing study

ASTM E595

TGA-MS

UHV-EGA

Outgassing Capabilities
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• The sample is hermetically sealed in a clean and dry glass ampoule under 

controlled atmosphere (e.g. dry N2 or 5%He/Bal N2, or rough vacuum).

• A thermal stress is then applied and the sample outgasses in the hermetic 

ampoule (up to 450°C). (Quartz to 1100C)

• Finally, an IVA® and/or GC/MS test is performed on the ampoule.

• The test results give the full gas picture (sealing atmosphere + outgassed 

substances).

• A large range of organic and inorganic substances can be provided by 

performing both IVA® and GC/MS testing.

Material Outgassing Study



ASTM E595: A screening technique to determine volatile content of materials when exposed to 
vacuum environment

Test conditions: 125°C at less than 5 × 10-5 (Torr) for 24 h

Sample: Organic, polymeric and inorganic materials
(e.g., Polymer potting compounds, foams, elastomers, films, tapes, insulations, Shrink tubing, adhesives, coatings, fabrics, tie cords and lubricants) 

Determination: Total Mass Loss (TML) and Collected Volatile Condensable Materials (CVCM)
(e.g., TML of 1.00% and CVCM of 0.10% as screening levels for rejection of spacecraft materials.)
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Thermogravimetric mass spectrometer analysis (TGA-MS)

Thermal stability per MIL-STD-883J, Method 5011 
(sect. 3.5.2 & 3.8.5), originated from ASTM D3850-12

• TGA-MS is an important tool used for material 
characterization across industries. 

• Samples are placed in a Nitrogen atmosphere (5-
30mL/min flow). They begin at room temperature 
(25°C) and then get heated 2°C-10°C/min up to a 
final temperature of 200°C (max 1000°C). During this 
test, the weight of the samples is continuously 
measured.

• A material passes this standard if the weight loss at 
200°C is less than or equal to 1.0% of the cured 
material weight. Three samples are tested and the 
average value of the three must meet or exceed the 
minimum requirements.



Ultra-High Vacuum Evolved Gas Analysis (UHV-EGA)
Mass spectrometer to perform high temperature outgassing of any solid material in ultra-high vacuum conditions.

QMS (1-300 amu range)

Turbomolecular pumpWide range 
pressure sensor
( 10-9 Torr)

Sample chamber

Sample chamber

UHV heater
(max temp 1200°C)

Thermal desorption tube to 
collect outgassing species for 
GCMS analysis. 
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Heater face: D: 2” 
Chamber space: D: 4”, H: 2.375”

Pressure transducer
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What is Ultra-High Vacuum Evolved Gas Analyzer (UHV-EGA)?
 

Heat jacket for MS chamber
@100°C, like RGA systems

Sample chamber
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Technical specifications of UHV-EGA

• Outgassing from room temperature to 1200°C

• Heating rates 0.2°C/min to 15°C/min

• Vacuum as low as <5E-8 Torr

• Mass range: 1 to 300 amu

• Scan speed: scan per 10 seconds

• Ion current range: 1E-6 to 1E-11 Amp

• Provision for identification of organic compounds using GCMS
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Applications of UHV-EGA
Samples: 
Type: Solids
• Wafers
• Ceramics (high temperature electronics)
• Battery raw materials
• Electronics packages & their components
• Metals & Alloys
• Polymers, adhesives

Processes: 
• Simulating baking and sealing processes
• Annealing 
• Adhesive curing process
• Optimization of baking duration
• Outgassing rates (e.g, moles/g/sec)
• Component level failure analysis
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Case study with UHV-EGA

Identifying Root Cause of Moisture Failures in Hermetic 
Packages with UHV-EGA

Moisture concentration (ppmv)

Sample 2: 1479
Sample 3: 30,863

Sample 2 cannot be a leaker as no oxygen detected.
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Outgassing protocol

A screen capture of the UI in EVACSTM used to define heating protocol for the IC samples. 
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Results

Outgassing of moisture in sample 2 reaches background at 
~130°C, for sample 3 moisture outgassing does not reach 
background until sample reaches 200°C. 

As observed for moisture, sample 2 reaches background at 
~180°C, for sample 3, outgassing for mass 19 continues 
until reaches 250°C. 

Sample 3

Sample 2
Sample 3

Sample 2
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Results
Different outgassing for mass 69 at higher temperature 
(>130°C -200°C), Outgassing reaches background for sample 
2 at 210°C, while sample 3 continue to outgas until 250°C

Both the samples show the mismatch of outgassing 
for mass 91 (commonly observed for adhesive 
material), sample 2 has marginal outgassing at 65°C, 
whereas sample 3 has outgassing in two stages (1) at 
same temperature observed for sample 2, and later 
at higher temperature (>190°C). 

Sample 3

Sample 2

Sample 3

Sample 2
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Results
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What is next: Standard test method

QMS (1-300 amu range)

Turbomolecular pumpWide range 
pressure sensor
( 10-9 Torr)

Sample chamber

1.33” CF port on chamber lid
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Standard gas mix leak

Wide range 
pressure sensor
( 10-9 Torr)

Advantages: 
• 1000 Torr to 10-9 Torr measurement on chamber side
• Port on lid allows attaching standard gas mix leak for calibration



Determination of outgassing rates

Copyright © Oneida Research Services, Inc., 2024 

All rights reserved. This presentation and its content are protected by copyright laws. Unauthorized use or reproduction of any part of this presentation without prior written permission is strictly prohibited.

𝑄 = 𝑃 ⋅ 𝑆𝑒𝑓𝑓

𝑄 = 𝑂𝑢𝑡𝑔𝑎𝑠𝑠𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 (𝑚𝑏𝑎𝑟 ∗ 𝑙𝑖𝑡𝑒𝑟 ∗ 𝑆−1)

𝑃 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑚𝑏𝑎𝑟)

𝑆𝑒𝑓𝑓 = effective pumping speed

N2 purge

RGA

Cal. gas

Turbo pumpPressure gauge

b
yp

ass
Rough vacuum pump

Standard leak gas mix
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Determination of outgassing rates
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𝑄 = 𝑃 ⋅ 𝑆𝑒𝑓𝑓

𝑄 = 𝑂𝑢𝑡𝑔𝑎𝑠𝑠𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 (𝑚𝑏𝑎𝑟 ∗ 𝑙𝑖𝑡𝑒𝑟 ∗ 𝑆−1)

𝑃 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑚𝑏𝑎𝑟)

𝑆𝑒𝑓𝑓 = effective pumping speed
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Standard test method

Load material to 
UHV-EGA 
chamber

Start testing 
when total 

pressure <5E-8 
Torr

Max temp and 
heating rate shall 
be determined by 

the curing and 
baking process

10 scans must be 
taken at the end 

while material is at 
max temperature

Outgassing rates are 
calculated based on the 
last dwell step (10 scans)

Prior to sample, background test must be 
taken following same heating schedule.
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Standard test method

Moisture outgassing rate should be calculated using following equation:

𝑄𝐻2𝑂 = 𝐼𝐻2𝑂 ∗ 𝑆𝑒𝑓𝑓

𝑄𝐻2𝑂 = 𝑂𝑢𝑡𝑔𝑎𝑠𝑠𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑖𝑛 𝑡𝑜𝑟𝑟. 𝑙/𝑠

𝐼𝐻2𝑂 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑜𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑎𝑡 𝑚𝑎𝑠𝑠 18 𝑓𝑜𝑟 𝑡ℎ𝑒 10 𝑠𝑐𝑎𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑎𝑠𝑡 𝑑𝑤𝑒𝑙𝑙 𝑠𝑡𝑒𝑝

𝑆𝑒𝑓𝑓 = 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑝𝑢𝑚𝑝𝑖𝑛𝑔 𝑠𝑝𝑒𝑒𝑑

The outgassing rate for moisture should be less than 2×10-10 torr/s per gram of adhesive material (either direct or as component of 

a package). This outgassing rate will release less than 5000 ppmv of moisture if one gram of adhesive is sealed in one cubic 

centimeter package in period of one year. The validation criteria should be updated based on the actual amount of adhesive, 

volume of the package and desired time of operation.



Thank you.
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