COOL-X

h’ — X-RAY GENERATOR
WITH PYROELECTRIC CRYSTAL

Miniature X-Ray Generator with Pyroelectric Crystal
Battery Operated

APPLICATIONS
» Portable X-Ray Instrumentation

World'’s Smallest
2003WINNER e

» Teaching Laboratories
¢ |[nstrument Calibration
* Research

FEATURES

¢ Miniature size - 0.6” dia x 0.4”
15 mm dia x 10 mm

e Low Power: <300 mW
* Runs on a standard 9V battery
* Variable end point energy: up to 35 kV

* Peak X-Ray flux: 108 photons per second
(equivalent to a 2 mCi source)

 Solid state: Pyroelectric Crystal

* No radioactive sources

The COOL-X isanovel, miniature X-ray genera-
tor which usesapyroelectric crystal to generate
energetic electronsthat produce X-raysinthe
target material (Cu). Thehermetically sealed
package has athin beryllium window which
allowsthe X-raysto be transmitted. The COOL-X
does not use radioisotopes or high power X-ray
tubes. Itisaself contained, solid state system
which generates X-rayswhen the crystal isther-
mally cycled.

The COOL-X isunique, and should not be
compared with other X-ray tubes. Itisthermally
cycled between 2 to 5 minutes, and does not
produce a constant flux of X-rays. The X-ray flux
variesthroughout the cycle and may vary from
cycletocycle, seeFigure4.

The use of the COOL-X in practical
applicationswill challengetheuser’s
imagination!
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Theory of operation:

When heated, apyroelectric crystal exhibits spontaneous decrease of polarization. Hence, asthe
temperatureincreases, an electric field devel ops acrossthe crystal. For aspecific crystal
orientation (-Z face pointing to thetarget), thetop surface of the crystal gets positively charged
and attracts el ectronsfrom the low pressure gasin the environment. Asthe electronsimpinge on
the surface of the crystal they produce characteristic x-rays (Ta) aswell as bremsstrahlung x-rays
(seeFigurel).

When the cooling phase starts, the spontaneous pol arization increases, and the electrons
from thetop surface of the crystal are accel erated towards the Cu target which isat ground
potential. At thispart of the cycle Cu characteristic x-raysare produced, aswell as
bremsstrahlung x-rays (see Figure 2). When the crystal temperature reachesitslow point, the
heating phase startsagain. The cycletime of the COOL-X can be varied from 2 to 5 minutes.

Figure 3 showsthetypical x-ray spectrum of the COOL-X obtained from the sum of 300
cycleswith the dominant 8 keV peak and the bremsstrahlung continuum. Figure 4 showsa
typical COOL-X output count-rate as afunction of timefor several heating and cooling phases.
The X-ray flux variesthroughout the cycle and may vary from cycleto cycle (see Figure5).

Ref: J.D. Brownridge and S. Raboy “ Investigations of pyroelectric generation of X-rays’ Journal of Applied
Physics, Vol. 86, No. 1, 1 July 1999

Figure 1: Heating Phase Spectrum Figure 2: Cooling Phase Spectrum
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Figure 3: Combined Output Spectrum Figure 4: Heat and Cool Output Flux
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Cool-X Typical Forward Output Flux vs. Angle
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COOL-X shown with the Amptek XR-100CR
X-Ray Detector in an XRF application




COOL-X Controller System

The Controller is enclosed inside the metal box. The function of the Controller is to supply power to the X-ray genera-
tor, monitor its temperature, and automatically change the heating and cooling phases of the cycle.

COOL-X CONTROLLER SYSTEM
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Lifetime of the COOL-X

When not in use, power to the COOL-X should be turned OFF. The COOL-X is not designed for
continuous operation, thereforeitslifetimewill depend on how it isused.

If used intermittently, for about 1-3 hours per day, the estimated lifetime of the COOL-X can be ex-

tended to well over 1000 hours. Continuous use of the COOL-X will shorten itslifetimeto approxi-
mately 200 hours.
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