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ABSTRACT 

A method for detecting fluxes of energetic atoms with pyroelectric 

ceramics is described. The detector consists of a commerically available, 

polarized lead zirconate-lead titanate (or barium titanate) disk which ~is 

silvered on both sides to provide electrical contact. The atoms are 

stopped in one of the silvered surfaces, and the resulting change in tem-

perature gives rise to a pyroelectric signal. In our application the 

atomic beam is chopped, and the signal-to-noise ratio is increased by 

--phase-sensitive amplification. Our detectors have been calibrated from 

1.6 -x 10-7 to 3 x 10~1 watt, and are remarkab~ linear over this range. 
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Atomic collision experiments often require quantitative measurements 

of fluxes of energetic atoms. When the fluxes are too high for particle 

counting techniques to be applicable, detectors commonly used measure 

electron currents emitted from bombarded surfaces, light emitted from 

scintillators, temperature rise in thin foils (with thermocouples or ther-

mistors), or currents arising from ionization in gas cells or thin foils. 

In this note we describe a detection method that utilizes the p,yroelectric 

effect. 

The detector consists of a polarized lead·zirconate-Ieadtitanate 

(or barium titanate) ceramic disk which is silvered on both sides to pro-

vide electrical contacts. The atoms are stopped in one of the silvered 

surfaces and the resulting change in temperature causes a change in the 

polarization, which induces a potential difference across the two sur-

faces. In our application the beam is chopped and an alternating signal 

is obtained. This simplifies amplification and interpretation of the 

signal and allows us to increase our signal-to-noise ratio by measuring 

the signal with a phase-sensitive amplifier. 

.. 

Among the desirable properties of a detector are long-term stability, 

fast time response, good sensitivity, wide dynamic range, arid insensitivity 

to surface contamination, radiation damage, beam diameter, and beam posi-

tion. Detectors that make use of the p,yroelectric effect appear to satisfY 

most of these requirements. 

A number of papers on the suitability of p,yroelectric crystals as 

thermal detectors, prinCipally of electromagnetic radiation, have appeared 

in the literature in recent years; articles Qy Cooperl and by Hadni et al. 2 

give good summaries of the principles and possibilities. We do not know 
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of any published applications to atomic beam monitoring, although Barnett 

and Ray3 have measured P,yroelectric currents due to steadY-,state beams, 

and Barnett and co-workers
4 

and Nexsen5 have investigated P,yroelectric 

detection of fast pulses of neutral atoms from controlled fusion'experi-

ments. The chopped-beam technique described below has been used continu-

ously and successfully for approximately 2 years to measure equivalent 

-10 -6 -6 currents of about 10 to 10 ampere at power levels in the range 10 

to 10-1 watt. 

6 Commercially available l-in.-diameter ceramic disks of barium 

titanate and lead zirconate-lead titanate in thicknesses of 0.010 to 0:10 

in. are mounted in the holder shown schematically in Fig. 1. The disks 

com~ with thin (0.0003 to 0.001 in.) silver coatings on each side; these 

coatings are sufficiently deep for our experiments with 5- to 50-keV 

deuterons, but at high energies the conducting layer on the beam side 

should be thickened suffiCiently to 'stop the particles in the metal. 7 The 

beam side of the disk is in electrical contact with a copper cylinder, and 

a lead is brought out so that the system can be used as a Faraday cup; 

this lead is shorted to ground during measurements of the P,yroelectric 

signal. The P,yroelectric signal is obtained from a spring-loaded contact 

to the back surface of the disk. The internal structure is supported by 

a vacuum-tight ceramic feed-through seal, and the whole assembly is attached 

to the accelerator vacuum system by a nonconducting sleeve to avoid multi

ple grounds. At lower levels above about 10-3 watt the signal could be 

amplified and used directly. Below this power leVel we have problems 

with acoustical and electrical nOise, and therefore routinely use phase-

sensitive detection. 
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The experimental arrangement is shown in Fig. 2. The accelerator 

beam of known energy is chopped, and the charged and neutral components 

emerging from a gaseous or solid target (not shown in Fig. 2) are electro-

statically separated. The modulated signal from the P,yroelectric ceramic 

passes through a preamplifier and then.into a phase-sensitive amPlifier. 8 

The output of the phase-sensitive amplifier is monitored with an oscillo-

scope, displayed on a current meter, and integrated. 

The neutral detection system is calibrated by switching the charged 

component from the accelerator onto the pyroelectric disk. As this is 
. 

easily done many times during an actual experiment, the usefulness of the 

device does not require a constant proportionality between input power 

and output signal. However, the device is remarkable linear in the range 

in which we have calibrated it, which covers more than six orders of mag-

nitude (Fig. 3). We have not attempted to calibrate at power levels above 

300 milliwatts or below about 100 nanowatts, but noise of as yet undeter-

mined origin limits the usefulness below 150 nW with the integratio~ times 

that we commonly use, 3 sec or less. 

The dependence of the detection sensitivity on the fraction of the 

area of the detector that was illuminated was checked in an auxiliary 

experiment: The surface of a disk was blackened to make the absorption 

uniform and a chopped light beam from a distant source was initially 

focused on the detector. By moving the detector away from the focal point, 

the area of illumination could be varied while constant power was main-

tained. Within the 10% uncertainties of the experiment, the signal was 

constant, i.e., independent of the illuminated area. 

The dependence of the detection efficiency on the position where a 
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small-diameter beam hit was checked by sweeping a 0.03 -in.-diameter 

proton beam across the disk surfaces. These signals were independent of 

position to within about 5%.9 

Although a complete analysis of the response of the detector must be 

very complex because of such things as edge effects and the variation of 

the p,yroelectric coefficient with temperature, analysis of the type given 

in Ref. 2 shows that the amplitude of the signal should vary as 

2 . 
where P is the power (watts) incident on a disk of area A (m ) at the 

chopping frequ.ency f (Hz), p is the p,yroelectric coefficient (coulombs 

°C-l m-2), m is the mass (kg) of the ceramic disk, C is the electrical 

capacitance (farads) of the detector-preamplifer circuit, c is the heat 

( 
0 -1 -1) . / capacity per unit mass joules C kg ,27r.f'T = 1 't'T' where 

thermal time constant of the disk in its mounting, and 27r.f' = 
e 

the 

where 

't' is the electrical time constant of the circuit. The q~ntity pA/4nmcc e 

is approximately 2.5 voltsfjoule for one of our typical ceramics. 

Differentiation of the above equation shows that the maximum signal 

= (fefT) 1/2. The calculated value of fe is obtained at a frequency f max 

for our circuit is about 1 sec-I, and the value of fT (measured by apply-

ing a thermal pulse to the disk and measuring the decay of the p,yro-

) 
-1 electric signal is typically 3 sec . Thus f ~ 1.7 Hz. 

max 

Measured values of signal vs. frequency were obtained for 2 < f < 40 

Hz, and were found to drop off with increasing frequency as predicted. 

For convenience in tuning and monitoring the beam, we prefer to operate 
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at a frequency higher than f ,namely about 10.5 Hz. The data shown in max . 

Fig. 3 are in good agreement with the predictions of the theoretical 

expression. 

The results obtained from different samples showed that although there 

were factor-of-two variations among specimens, there was no particular 

choice between barium titanate (curie point l30oC) or lead zirconate

lead· titanate (curie point 260oC) in our experiments. This might not be 

true in other applications because the pyroelectric coefficient is a func-

tion of temperature. In our experiments the results were also approxi-

mately independent of crystal thickness. 

In summary, for situations commonly encountered in atomic cross-

section experiments, pyroelectric ceramics can be used to make rugged and 

sensitive neutral-beam detectors. The useful signal might be increased 

by adjusting the mean operating temperature by external means, or by using 

single crystals instead of ceramics or, perhaps, other compounds. 

We thank Dr. C. M. Van Atta for encouraging this research, Dr. S. B. 

Lang and Dr. W. Nexsen, Jr., for useful comments on pyroelectric detectors, 

Mr. V. J. Hohey and Mr. P. D. Smith for valuable advice and aid with the 

electronics, and Mr. J. W. stearns for his participation in various 

experiments. 
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FIGURE LEGENDS 

Fig. 1. Schematic cross section of pyroelectric detector. 

Fig. 2. The experimental arrangement. 

Fig. 3. output signal vs. power input. These data were taken at a chop-

ping frequency of 10.5 Hz. Representative uncertainties at 

several power levels are shown. 
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