
Life and Stability 
of the Agilent 5DX 
Sealed X-ray Tube

To produce cross-sectional X-ray
images, Agilent’s 5DX Automated 
X-Ray Test systems use a sealed X-ray
tube that is designed and built in-house
to exacting standards.  Since Agilent’s
5DX systems are integral to customers’
assembly processes, they must operate
consistently with minimal downtime.
For this reason, Agilent has developed
a sealed, ultra-high vacuum X-ray tube
that provides stable output throughout
a significantly long life.  Other X-ray
inspection systems use demountable
X-ray tubes, that are designed to allow
field replacement of tube components
to suit diverse applications.  However,
the poor vacuum levels of demountable
tubes adversely affect their stability
and reliability, and require the use of
simple filament cathodes, which have
relatively short lives. 

Cathode 

The Agilent 5DX sealed X-ray tube uses
a dispenser cathode (see Fig.1) which
consists of a porous tungsten “sponge”
impregnated with barium.  To emit
electrons, the cathode is heated by a
separate tungsten heater.  This design
results in very reliable and efficient
electron emission.  It has a life beyond
20,000 hours while providing a small
spot size and high current density for
high resolution imaging.  The typical
failure mode involves the gradual
depletion of the barium, which can 
be compensated for to maintain 
stable operation. 

No cathode in any 5DX sealed tube 
has ever fully depleted in the field,
even after years of use.  In contrast to
sealed tubes, demountable tubes use 
a filament cathode (see Figure 1). 

It consists of a thin tungsten wire that
is heated to high temperatures by the
current flowing through it.  While it
can also provide a small spot size, a 
filament cathode only lasts about 400
to 1200 hours.  It typically fails by

instantly vaporizing, very much like a
light bulb failure.  As a result, demount-
able tubes fail unpredictably and 
frequently, requiring the need for 
field replacement every 1 to 4 months.
Replacing the cathode, including the
time required to stabilize the system,
takes about 5 to 8 hours when 
performed by a skilled technician.
This leads to significant production
downtime over the life of the system. 

Demountable X-ray Tube

e-
gas+

gas+
gas

To
Mechanical

Vacuum
Pump
System

Filament or LaB6
Cathode

e-

gas

gas

e-

x-rays

e-

e-

x-rays

ilent 5DX Sealed X-ray Tube

Focus Coil

Deflection
Coil

Electron
Beam

X-ray
Target
(Anode)

e-

Control
ElectronicsDispenser

Cathode

Control
Grid

Focus
Grid

Figure 1

Demountable X-ray TubeAgilent 5DX Sealed X-ray Tube

Agilent 5DX Technical Data



www.agilent.com/go/manufacturing

United States
Agilent Technologies 
Test and Measurement Call Center
P.O. Box 4026
Englewood, CO 80155-4026 
Tel:  1  800  447  8378

Canada
Agilent Technologies Canada Inc.
5150 Spectrum Way
Mississauga, Ontario L4W 5G1
Tel:  1  800  447  8378
Fax:  1  905  282  6300

Europe
Agilent Technologies
European Marketing Organisation
P.O. Box 999
1180 AZ Amstelveen
The Netherlands
Tel:  +31  20  547  2200
Fax: +31  20  547  2290

Japan
Agilent Technologies Japan Ltd.
Measurement Assistance Center
9-1, Takakura-Cho, Hachioji-Shi,
Tokyo 192-8510, Japan
Toll free:  0120  802  363
Tel:  (81)  426  56  7498
Fax:  (81)  426  60  7532 

Latin America
Agilent Technologies
Latin American Region Headquarters
5200 Blue Lagoon Drive, Suite #950
Miami, Florida 33126  U.S.A.
Tel:   011  52  3  134  5841
Fax:  (305)  267  4286 

Australia/New Zealand
Agilent Technologies Australia Pty Ltd 
347 Burwood Highway
Forest Hill, Victoria 3131
Tel:   (65)  215  8370  
Fax:   (65)  271  1365 

Asia Pacific
Agilent Technologies Singapore (Sales) Pte. Ltd.
438 Alexandra Road, #08-00 Alexandra Point
Singapore 119958
Toll-free: 1 800 375 8100
Tel:   (65)  215  8370 
Fax:   (65)  271  1365

Data is subject to change without notice.

Copyright © 2002
Agilent Technologies
Printed in USA March 20, 2002
5988-6128EN

For more information about Agilent Technologies products 
and solutions in electronics manufacturing, visit our website:
http://www.agilent.com/go/manufacturing. To learn about
other Agilent test and measurement products, applications and
services, or for a current sales office listing, visit our website:
http://www.agilent.com/find/tmdir. You can also contact
one of the following centers and ask for a test and measurement
sales representative.

Vacuum Level 

In addition to the type of cathode used,
the vacuum level in the tube is another
major factor affecting tube life and 
stability.  A poor vacuum or “soft” tube
contains more gas molecules than a
high-vacuum sealed tube.  As electrons
accelerate from the cathode to the
anode, they collide with these gas
molecules.  In the process, the electrons
lose energy and cause the gas to emit
secondary electrons.  Furthermore, 
the ionized gas molecules accelerate
towards the cathode and strike it with
considerable kinetic energy due to
their high molecular weight.  This 
further shortens the life of the cathode
and may affect the electron beam’s
quality and the ability to focus and
steer it.  Consequently, a “soft” tube is
less stable and has a greater probability 
of arcing. 

To achieve an ultra-high vacuum, a
completed X-ray tube assembly must
be baked at a high temperature under
hard vacuum for an extended burn-in
period.  This process substantially
removes any gas molecules from 
surfaces within the assembly.  High-
quality sealed vacuum devices, such 
as those used in NASA space missions,
military applications and Agilent’s 5DX
systems, all undergo such a process to
ensure that they provide long-term 
stable operation.  Because demountable
X-ray tubes cannot be baked, and need
to be opened to replace components,
they cannot achieve the same high 
vacuum of sealed tubes. 

Comparison of Operating Costs

The operating costs of a typical
demountable tube and Agilent’s 5DX
sealed tube are compared based on
three shifts per day, five days a week,
resulting in approximately 6000 
operating hours per year.  The 
dispenser cathode of the sealed tube 
is conservatively assumed to have a
life of 20,000 hours.  Its replacement
cost is $24,500 in parts and 8 hours 
of labor at $200/ hour.  The filament 
cathode of the demountable tube is
assumed to have a life of 1,000 hours.
Its replacement cost is $40 in parts 
and 6 hours of labor at $200/ hr.  

Though the repair costs are similar, 
the short life of the filament cathode 
in demountable tubes results in signifi-
cant production downtime every year.
The cost of this down-time far out-
weighs any savings associated with
demountable tubes, particularly if 
failure occurs during peak production
times.  Furthermore, another aspect of
demountable tubes that is not quantified
here is the increased cost of maintaining
the vacuum pumps. 

Summary

The sealed X-ray tube used in the
Agilent 5DX system has significant
advantages over demountable tubes
used in other inspection systems.
Because of their cathode design and
ultra-high vacuum level, sealed tubes
are more reliable and stable, resulting
in higher quality, lower production
costs and lower cost of ownership. 


