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= Pyroelectric effect

= Particle generation and acceleration using pyroelectric
effect

= History and development of pyroelecitric accelerator

= Cool-X by Amptek

Miniature X-Ray source based on Pyroelectric effect
Experimental layout

Experimental results and analysis

Conclusion and further development
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Pyroelectric effecte

Main three ways to change the value or
Spontaneous Polarization direction of spontaneous polarization.

Screening charges
1. Application of external electric field

D& @® (= Bound charges
lt t Spontaneous polarization
'.-__--- . . .
é@@ = pojar charged surfaces 2. Application of mechanical stress
3. Variation of temperature
H Ferroelectric l! Piezoelectric . Pyroelectric

NEARANT wi | | |©

/~—T=7 Eletric
/ field

Wang, W., Li, J., Liu, H., Ge, S., Advancing Versatile Ferroelectric Materials Toward Biomedical Applications. Adv. Sci. 2021, 8, 2003074.
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Particles acceleration using pyroelectric effect

* Pyroelectric materials
used

Lithium Tantalate, Lithium
niobate

Main Scheme of operation (A) * Temperature variation

10-100 °c

* Pressure Range
Up to 100 mTorr

Heater/cooler p— o
* X ray end point energy

Up to 200 keV

Negative polarity Positive polarity

* Electron current
Up to 10 nA
e
4 - Positive ion generators
Nitrogen, oxygen,
e- : hydrogen, argon ions (max
¥ F energy up to 150 keV)

* Neutron generators
Fast neutrons energy up to
Heater/cooler 2.45 MeV

Heater/cooler
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Electron emission from LINDb O,

1974 - Stimulated electron emission by change in temperature of
pyroelectric material

B. Rosenblum, P. Braunlich, and J. P. Carrico, Thermally stimulated field emission from
pyroelectric LINbO3 Appl. Phys. Lett. 25, 17 (1974)

The curve of the current during heating of

The scheme of measurement of ferroelectric
pyroelectric crystal

electron emission.

Ferroelectric Li Ta0, , Z* facs, heating (2)
crystal o’g 3 -
+ + + J o |
100 1;0 Zjﬂ z‘o Szﬂ 3;0 4rﬂ 450
Temperature, (K)
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X-ray source pbased on pyroelectric effect

In 1992, Brownridge published the first report about X-ray generation stimulated by change in
temperature of the pyroelectric material

X-ray specirum obtained using Development pyroelectric X-ray sources
pyroelectric effect 100000 ' -
I TaK,_‘ TaK '
L X-ray of Au . [ TaK,~ Ta K
Paired-crystal system 10000 ;
s " ‘
[+/] o
[ a8
2 — . 10005 Endpomtenergy 215 kev’i
€[ (b) T (b) @
= w o\ e
§ BN 2 100
> "\ o 3
2t Z| — |+Z
I Lo =9.71 keV /,/"
Lg=11.44 - ‘1' B 10k
& keV v
1 PR TR TR W 1 m‘_‘_
0 N T g T 0 2 s 75 10 125 1% 178
Channel no. X-Ray Energy [keV]

J. D. Brownridge, Pyroelectric X-ray generator, Nature ~London! 358, 287 ~1992!.
Jeffrey A. Geuther and Yaron Danon , Journal of Applied Physics 97, 074109 (2005); https://doi.org/10.1063/1.1884252)
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https://aip.scitation.org/author/Geuther%2C+Jeffrey+A
https://aip.scitation.org/author/Danon%2C+Yaron
https://doi.org/10.1063/1.1884252

X-ray source based on pyroelectric effect,

COOL-X shown with the Amptek XR-100CR X-
Ray Detector

Be Window
X-RAYS

L

LU 1S

‘ \'ro-s Package

Low Pressure
Gas

X-Ray Production
Copper Target

Pyroelectric
Crystal

Heater / Cooler

Temperature +V Ground
Heating Phase Spectrum Cooling Phase Spectrum
Figure 1 Ta,, (814 keV) Flgure2 Cuke (8.05keV)
g g
: 3
The x-ray spectrum ”
) Tayp (902 keV)
obtained by COOL-X  osoren Cugp B30 keW)

Energy (keV) Energy (keV)
https://www.amptek.com/internal-products/obsolete-products/cool-x-pyroelectric-x-ray-generator
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https://www.amptek.com/internal-products/obsolete-products/cool-x-pyroelectric-x-ray-generator

X-ray source based on pyroelectric effect,

PROS

= Compact pocket-style X-ray source
= Low power: < 300 mW

= No radioactive sources

= Does not required external high voltage source: Runs on standard 9 V battery
= Variable end point energy: up to 35 kV

= Weight: 185 g

CONS

= The x-ray flux varies vary from cycle to cycle.
= Dead time: without x-ray generation, when thermal phase is change.
= |Interruptions of particle generation by electric breakdowns

= Short lifetime: Approximately 200 hours.
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Periodically varying temperature of LITaO3

A periodically varying temperature of pyroelectric as a way of stabilizing particle yield

32 4 T(t) = To + T1S|n(wt)
30
0
o 28
=
© i=0
[ T=To :
g— 26 - 0 /2 2m \
(o}
—
24 -
ipyr= PAT 1Wcos(Wt)
22 — 7777 Current Temperature
0 1000 2000 3000 4000 5000 6000

Time( Sec)

L. E. Garn and E. J. Sharp, J. Appl. Phys. 53, 8974 (1982)

L. E. Garn and E. J. Sharp, J. Appl. Phys. 53, 8980 (1982)

Sinusoidal temperature variation enable us to produce stable, continues and reproduceable temperature
variation cycle by cycle through operation. Which is the key to stable x ray generation.
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Experimental l[ayout

Scheme of experimental setup

=

lojenjioe wnndep

Aluminium foil e

e— Protection ciychit
X-ray Detecto
Mylar foil ‘ BNC Conhector
(nfn-red camera - Vacuum gauge
I Waveform
r generator

S

Vacuum chamber

Watef tank —~ -

Pyroelectric sample: Lithium tantalate (LiTaO;)
Thickness: 10 mm
Area: 20x20 mm?

v' Current measurement system
0.01 pA-20 mA

v' X-Ray detection system

0.5- 150 keV

v Vacuum system

Variable pressure from 0.1 mTorr-
atmospheric pressure

v' Changing temperature system

Roughly 5-70 °c (depend on the
frequency of temperature variation)

v Temperature monitoring

Temperature monitoring of pyroelectric
crystal inside vacuum chamber
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Experimental l[ayout

Waveform
amplifier

, Gauge monitor
Vacuum
chamber
PX5 Pulse
Processor

Picoammeter

. :
2 Vacuum

e - — -
s

= Pumps
. controller
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Impact of tfemperature oscillations shift on stability of particles generation

1/2

Initial temperature difference 7 °c

W
W
A J

W
o
A A

An example of the degradation of the X-ray
spectrum recorded in one thermal cycle

f _ 454 during periodic temperature variation with
' = the frequency of 2mHz.
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Impact of tfemperature oscillations shift on stability of particles generation

Initial temperature difference 1 °c

" ,\/ /\/ (b)
Xk \/ / |
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o
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LiTaO; Crystal §
[
Peltier element |

Cooling system

Vacuum chamber

10 T - T
— 0 500 1000 1500 2000 2
Time (s)
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£ é 2] (C) identical magnitude.
o Q
Qi £ 204 oye .
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2] Cooling system with ice periodicity.
0 T T T T T 1
woéhéiﬁ%ébéw%&é%#&é&%@ 0 500 1000 1500 2000 2500
Time (s)

Energy (keV)

Channeling 23, Riccione Stability of electrons and X-rays generated in a pyroelectric accelerator 13



12900

Counts
(00]
o)
(@)
(@)

4300

Stable electron and x-ray generation

o [
o 24 .6
2
© 20.5
S
g 16.4
[}
~ 128
=
= 0.5
b
<
g 0.0
S
£ 05
(1]
= _B0
>
S 45
<=
L 30
=
2 15
-]
L =
[ o

Time (s)

Channeling 23, Riccione

- - -
B -\ - - \ nl [ ] ]
- \

- = /- /\ /ﬁ / -/-\ o /-/-\ .
T ™ \ /--\ - \- - -/-\ m -
el 'l-llhll 'lnln' " " -

(0] 400 800 1200 1600 2000 2400

D
o
L |

7 e
_ < O" ;J’"
50 . - P
3 f”) A
(0] ot
L
=% N
> )
5 e
0 £
5 30 o L)
E Fae
8 20
©
C
L
10
04 ® positive polarity
T T I T T T
0.0 0.2 0.4 0.6 0.8
Current (nA) 35 b= .
PR
— S, .‘.,'-" ﬂ
> 251 .
Q .
£ By !
520 E['..._;.! ’
% 15 -t 1
- .; ]
E £ ’,‘x. 1
o) t.2
o 10 st
©
C
w s
0 -
® negative polarity
-5 T T

T T T T T T T
0.0 0.2 0.4 0.6 0.8
Current (nA)

Stability of electrons and X-rays generated in a pyroelectric accelerator 14



Stable electron and x-ray generation
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Impact of distance on Particles generation

Reletative error in X-rays intensity

Frequency: 2 mHz, Pressure regime: 1-2mTorr, Amplitude: 150mVrms
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The electric field should allow charge particle to acquire enough energy to reach the target or
crystal to initiate a discharge. If the distance is too short, the electron reaches the anode
without colliding with molecule and if the distance is too long the electron gives its energy in a
series of non-ionizing collisions
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Paired-Crystal Setup

A paired crystal system was explored in which two 10 mm crystals were arranged in series to double the
potential difference across the crystal was observed.
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Multiple-Crystal Setup

Expected potential difference across the crystal will be double, friple and four time in 2, 3 and 4
crystals system respectively.

Single Crystal source Paired-crystal source  Three-Crystals source  Four Crystals source

— |

: S

e
e
vy N

2 —

&
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Conclusions and further work

v’ Periodically varying the temperature of LiTaO3 crystal with proper residual heat
extraction enabled us to generate a stable particles generation and quasi-
continuous X-ray beam.

v A clear correlation was observed between the temperature variation shift and the
change in the generated particles from full thermal cycle to cycle.

v' The impact of distance on stable particles generation was investigated.

v A proposed paired-crystal pyroelectric source can be used to approximately double
the endpoint x-ray energy versus a single-crystal source.

v Unknow materials analysis, Use different materials as target.
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The features of samples of LINbO3 and LITaO3

LiNbOj3 LiTaOs3

Crystal symmetry and class trigonal, R3c | trigonal, R3c
Density 4.648 g/cm? 7,46 g/cm?

Curie temperature 1145 °C 660 °C
Thermal conductivity 4 W/m °C 4.6 W/m °C
Specific Heat 0.633 J/g °C | 0.251 J/g°C

Resistivity 2x10'° Q em | 4.5%10" Q cm
Dielectric constant along Z-axis 32 45

Pyroelectric coefficient 0.7 C/°C/m? | 2.3 C/°C/m?

Channeling 23, Riccione
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* X-ray generators
(Endpoint energy up to 200 keV, peak intensity is 10° counts/sr)

» Electron generators
(Endpoint peak energy up to 180 keV, stream current up to 10 nA)
» Positive ion generators
(Nitrogen, oxygen, hydrogen, argon ions, endpoint energy up to 150 keV)

* Neutron generators
(Fast neutrons 2,45 MeV, peak flux up to 1000 n/s in 4pi)

» Beam deflectors

(Deflection of non-relativistic continuous beam in scanning mode)
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Main Scheme of operation

Metal foll

Peltier element

Waveform
generator
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Pyroelectric property of new samples
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Comparison of pyroelectric coefficient of lithium tantalate and new sample

Lithium fantalate
(LiTOOg)

New sample
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