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The possibility for application of semiconductor element for heating of pyroelectric crystalin a pyroelectric ac-
celerator of charged particles or pyroelectric X-ray generator is at first proposed and demonstrated experimentally.
Spectra of X-ray radiation measured at the heating of the pyroelectric crystal LiNbO; by silicon diode at different
pressures of residual gas are presented. Perspectives for application of semiconductor heater in the pyroelectric ac-

celerators and X-ray generators are discussed.
PACS: 29.17.+w; 77.70.+a

INTRODUCTION

Pyroelectric accelerator of elementary charged parti-
cles operates due to variation of the temperature of the
pyroelectric crystal [1, 2] or ferroelectric ceramics [3] in
vacuum. The size of the pyroelectric element usually is
about 1 cm. In the most of experiments, it is heated up
to temperature about 100...200°C and cooled to room or
lower temperature. Different methods of heating and
cooling of a pyroelectric element in vacuum are used.
For instance, it is heated by a resistor [4 - 6], evanescent

lamp [7], Peltier element [8, 9], inductive heater [10],
ultraviolet laser [11]. Passive cooling up to room tem-
perature is possible due to thermal radiation [12]. Active
cooling with use of Peltier element [13] or liquid nitro-
gen [14, 15] allows reach negative in °C temperatures.
Here we propose heating of pyroelectric elements in
vacuum by a semiconductor diode or transistor. Exper-
imental verification of semiconductor driving of the
pyroelectric accelerator is presented and its advantages
are discussed.
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Fig. 1. The experimental layout (during heating (a) and cooling (b) of the pyroelectric crystal in vacuum,).
1 — pyroelectric crystal LINbOj;; 2 — copper substrate; 3 — foil fiber glass flange that provides good electrical con-
ductivity and temperature isolation from walls of vacuum chamber 10; 4 — silicon diode MUR 1560; 5 — coperrod;
6 — thermocouple K type; 7 — liquid nitrogen tank; 8 — copper foil target; 9 — semiconductor X-ray detector

The main elements of pyroelectric accelerator and
X-ray generator was cylindric pyroelectric crystal made
of LiNbO; material with of diameter 10 mm and height
5 mm. The Z axis of the crystal is aligned along the cyl-
inder axis. The pyroelectric crystal was attached to the
copper substrate using conductive epoxy glue inside
vacuum chamber. The copper substrate was attached to
copper rod, that was located outside vacuum chamber.
In our experiments we used the specialized vacuum
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flange made of double-sided fiberglass for thermal insu-
lation and electric contact between the copper substrate
and vacuum chamber. In this experiment the heating
semiconductor element was installed outside vacuum
chamber. To the copper rod outside of vacuum chamber
was attached Si diode. The Si rectifier 15 Amps diode
of type MURI1560 that operate in junction temperature
range -65 to +175°C and has low junction-to-case ther-
mal resistance 1.5°C/W. Popular TO-220 package of the
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diode with flat heat conductor allows simple connection
to a pyroelectric element. For the measurement of tem-
perature change of the pyroelectric crystal during the
work of diode we used thermocouple K type, that was
attached to copper rod using non-conductive glue BF-2.
For the measurement of yield of X-rays generated dur-
ing work of the pyroelectric accelerator the semiconduc-
tor X-ray detector Amptek CdTe 123 was installed in-
side vacuum chamber opposite of the free surface of the
pyroelectric crystal. The peaking time of spectrometer
was 0.2 ps in this experiment. Energy calibration of the
spectrometer was performed using X-ray lines of >*'Np.
In front of the entrance berylliumwindow of the detector
at a distance of 3 mm copper foil target with thickness
30 um was installed.

During work of the semiconductor silicon diode at the
current 10 A after 375 s the temperature of the pyroelec-
tric crystal was changed from +25 to +90°C. The nega-
tive potential about 60 kV appeared on the free surface
of the pyroelectric crystal leading to acceleration of
electrons that emitted from the free surface of the pyroe-
lectric crystal towards grounded copper target up to en-
ergy 60 keV (Fig. 1,b). We observed X-ray generation
due to the electron’s deceleration on the target atoms.
High voltage potential, that appeared due to pyroelectric
effect, didn’t increase during heating of the pyroelectric
crystal above 90°C. When the temperature of the pyroe-
lectric crystal achieved +90°C work of the diode was
stopped and copper rod was put in the liquid nitrogen
tank. So, the pyroelectric crystal cooled during 1130 s.
from +90 to -80°C (Fig. 1,a). The positive potential ap-
peared on the free surface of the pyroelectric crystal.
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We observed X-ray generation due to the electron’s
deceleration on the crystal atoms. Then the pyroelectric
crystal heated from -80 to +90°C. Such cycle heating-
cooling was repeated at the different pressures of the
residual gas in vacuum chamber.

The spectrum of X-ray radiation at the heating of the
pyroelectric crystal from -80 to +90°C in vacuum was
measured during 475 s. The spectrum of X-ray radiation
measured at the heating of the pyroelectric crystal is
presented in Fig. 2,a. The spectral peak with the energy
8.0 keV on bremsstrahlung background corresponds to
the peak of the characteristic X-ray K, cooper atom. The
maximum energy of the bremsstrahlung X-ray radiation
measured at the heating of the pyroelectric crystal by
semiconductor silicon diode in vacuum is 75 keV and
number of counts registered in whole spectrum at the
heating is 55 717 670.

The spectrum of X-ray radiation at the cooling of the
pyroelectric crystal from +90 to -80°C in was measured
during 1130 s is presented in Fig. 2,b. Spectrum con-
tains peaks of characteristic X-ray radiation on the
background of bremsstrahlung. The spectral peak with
the energy 8.0 keV corresponds to the peak of the char-
acteristic X-ray K, cooper atom. The spectral peak with
the energy 16.6 keV corresponds to the peak of the
characteristic X-ray K, niobium atom composing the
pyroelectric crystal. The maximum energy of the brems-
strahlung X-ray radiation measured at the cooling of the
pyroelectric crystal in vacuum is 40 keV and number of
counts registered at the cooling is 1 277 266.
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Fig. 2. Spectra of X-ray radiation measured at the heating (a)
and at the cooling of the pyroelectric crystal in vacuum (b)

Both spectra of X-ray radiation were measured at the
pressure of the residual gas 0.8 mTorr in vacuum cham-
ber. The experimental setup was equipped by the regu-
lated vacuum valve that was installed between the
pumping system, including turbomolecular for-vacuum
pumps, and vacuum chamber. This provided the possi-
bility to change the pressure of the residual gas in vacu-
um chamber. The pressure of the residual gas in vacuum
chamber was controlled by the vacuum gauge, designed
to measure high vacuum.

The experimental dependence of total number of
counts and maximum energy of the X-rays, generated at
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the heating of the pyroelectric crystal as a function of
the pressure of the residual gas is presented in Fig. 3,a.
The maximum yield of X-ray radiation is at the pressure
of the residual gas 0.1 mTorr.

The experimental dependence of total number of
counts and maximum energy of the X-rays, generated at
the cooling of the pyroelectric crystal as a function of
the pressure of the residual gas is presented in Fig. 3,b.
The maximum energy of X-ray radiation and accelerat-
ed electrons is at the pressure of the residual gas
1 mTorr.
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Fig. 3. The total number of counts and maximum energy in the X-ray spectra, measured at the heating (a)
and at the cooling (b) of the pyroelectric crystal as functions of the pressure of the residual gas in vacuum chamber.
Thus, results of presented experiments clearly demonstrate applicability of semiconductor heater, installed outside
of the vacuum chamber, for control of a pyroelectric accelerator

DISCUSSION

Semiconductor Si diode driver of pyroelectric accel-
erator seems is very convenient for applications because
it has low outgas in vacuum, the heating rate is easy
regulated by the value of the forward current at almost
permanent voltage about 1 V, low thermal resistance,
wide operating temperature range up to +175°C, and its
commercial availability. The source of the heat is thin
semiconductor junction of submillimeter thickness.
Lowest operating temperature up to about -65°C allows
application of an outer cooling, e.g. by liquid nitrogen.
One can use a transistor instead of diode and regulate
power by the value of the base current. Other semicon-
ductor materials with another temperature range can be
used in a specific condition.

Besides, one can install an array of pyroelectric ele-
ments on the array of semiconductor diodes or transis-
tors mounted in Si chip and obtain chip source of the
array of the beams of accelerated charged particles.
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HOJYIIPOBOIHUKOBBIN JIPAUBEP ITAPORJIEKTPUUECKOT' O
YCKOPUTEJISA 3APSIKEHHBIX YACTHIL

0.0. Heawyk, A.B. Il]azun, A.C. Kybankun, B.1O. Honuou, A.C. Yenypnos

Brepsrie npeioskeHa U MPOAEeMOHCTPHPOBaHA IKCIIEPUMEHTAIEHO BOZMOXKHOCTh IPUMEHEHHUS MOTYTIPOBOTHH-
KOBOTO 3JIEMEHTa JJIsl HarpeBa MHUPOAIEKTPUIECKOTO KPUCTAUIA B MHUPOAIEKTPUIECKOM YCKOPHTENE 3apsKeHHBIX
YaCTHUI] WIN MHPOIIEKTPUIECKOM PEHTTCHOBCKOM reHeparope. [IpencTaBieHbl CIEKTPBl pEHTTEHOBCKOTO H3IIyde-
HUsSI, ©I3MEPEHHbBIC NPU HarpeBe MupodjieKkTpuueckoro kpucrawia LiNbO; KpeMHHEBBIM IHOAOM HPHU pa3IMuHOM
JIaBJICHWH OCTaTOYHOTO Ta3a. Taxke 00CYKAAIOTCS NMEPCHEKTHBBI IIPUMEHEHUs! TI0JIyITPOBOJHUKOBOTO HAarpeBaTelis
B MUPOIIEKTPUUECKOM YCKOPUTENIE PEHTT€HOBCKHUX F€HEPATOPOB.

HANIBIPOBITHUKOBHUM JIPAMBEP IIIPOEJJEKTPUYHOI' O
IMPUCKOPIOBAYA 3APAIZKEHUX YACTHHOK

0.0. Isawyxk, A.B. Hlazin, O.C. Kybankin, B.FO. Ionioi, O.C. Yenypnos

Bneprie 3anmpornoHoBaHO 1 MPOJAEMOHCTPOBaHA EKCIIEPUMEHTATBHO MOXKIIUBICTh 3aCTOCYBAHHS HAITiBIPOBiIHH-
KOBOTO €JIEeMEHTA ISl HarpiBy MipOETIEKTPUIHOTO KPHUCTANIA B MiPOEICKTPHIHOMY MPHUCKOPIOBAYi 3apsHKEHNX Yac-
THHOK 200 MipOEeNeKTPUIHOMY PEHTTeHIBCBKOMY TeHepaTopi. IlpeacTaBieHo CIEKTPH PEeHTTEeHIBCHKOTO BHIIPOMi-
HIOBaHHsI, BUMIPSHI TIPU HArpiBaHHI MmipoenekTpudHoro kpructana LiNbO; KpeMHIEBHM Ti0IOM IIPH Pi3HOMaHITHO-
My THCKY 3aJIMIIKOBOTO Ta3y. Tako)k 00rOBOPIOIOTHCS MEPCIIEKTUBH 3aCTOCYBAaHHS HAIIBIPOBITHUKOBOTO HarpiBaya
B MIPOENEKTPUIHOMY TIPUCKOPIOBAYi PEHTT€HIBCHKUX TE€HEPATOPIB.
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