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Abstract

15 years ago, Cadmium Telluride detectors have been investigated in our

laboratory as possible detectors for medical scanners [I]. Today most of these

machines are using high pressure Xenon gas as multicells detectors, BGO or

CdWO4 scintillators for industrial computerized tomography. Xenon gas detectors

are well suited for detection of 100 KeV X-rays and enables to built 1000 cells

homogeneous detector with a dynamic range of 3 decades. BGO and CdWO4

scintillators, associated with photomultipliers or photodiodes are used for higher

energy (400 KeV). They present a low afterglow and a dynamic range of 4 to S

decades.

Non destructive testing of very absorbing objects (eg 2 m diameter solid rocket

motor) by X-ray tomography requires much higher energy X-rays (16 MeV) and

doses up to 12000 rads/min at 1 meter.

For this application Cadmium Telluride detectors operating as photoconductors

are well suited. A prototype of tomograph machine, able to scan <}> 0.5 m high

density objects has been realized with 25 CdTe detectors (25x15x0.8 mm3). It

produces good quality 1024x1024 tomographic images

Detector choice

Inspection of very absorbing objects by computed tomography requires high

energy X-rays produced by pulsed electron linear accelerators. Even with X-rays

of about 10 MeV, the signal attenuation may be of 5 decades.

The performances expected from the detectors are :

- high quantum efficiency, this imply detectors with high density,

- the dynamic range of the detectors should be greater than five decades,



- no radiation damage must occur for radiation dose up to 10s rads/day,

- the afterglow or decay time of the detection signal after each pulse must be low

enough to avoid piling-up and disturbance of the next pulse detection.

Another important parameter is the possibility of having a great number of

detection cells to reduce the acquisition time and to achieve higher geometric

resolution readings.

To make the best choice, we tested during the last years different liquid and solid
detectors like TMS1 TMGe, Bi4Ge3O12, Bi12GeO20, GaAs, HgI2, CdTe, InP...

We compared the different detection solutions with an 8 MeV accelerator [2]. The

conclusion has been that Cadmium Telluride is a good compromise because of its

high density, low dark current and small size. Moreover, Cadmium Telluride

detectors accept high integrated dose without sensitivity degradation (with a BGO

crystal the light output decrease can be of 20 % after an irradiation of 2000 rads).

The only negative point is the relative slow decay time of CdTe which does not

permit a dynamic range of 5 decades. But the development of synchronous

detection allows intermediate measurements between two bursts. And so we have

the possibility to correct the residual detector current. In the same time we correct

the electronic offsets and possible photoinduced current by the object

radioactivity (for instance nuclear waste containers) [3]. The detectors are slices

of high resistivity CdTe (25x15x0.8 mm3) with ohmic contacts on large opposite

faces. The typical detector response to a 4 us X-ray pulse is shown in figure 1. To

achieve the dynamic range of 5 decades we integrate the current during 15 us

before the X-ray pulse, and 15 fis during the X-ray pulse. After correction of the

residual current the collected charge is proportional to the incident X-ray energy.

Figure 2 presents the result of such measurements after attenuation of the incident

X-ray pulse by different thickness of lead. It shows the homogeneous response of

the different detectors, and the improved dynamic range.

Prototype of tomograph machine

In 1987, we realized the first high energy tomographic image using only one

Cadmium Telluride detector. The acquisition time was 6 hours. But the resulting

images of solid rocket motors and nuclear waste containers were very

encouraging.



So we decided to realize an industrial product with, at the beginning, 25 CdTe
detectors. Specialized electronics has been developped and produce 1024x1024
tomographic images in less than 5 minutes. Figure 3 shows the first prototype

composed of a Neptune 5 electron linear accelerator, the detector on the opposite

side and in the middle the engine block under control.

The high energy source has now be replaced by a 8 MeV VARIAN 2000 linear
accelerator. The X-ray beam is made of 4 (is duration bursts with the duty cycle

of 300 Hz. We measured an X-ray dose of 1500 rads/min at 1 meter. The

detectors, distant of 1.88 m from the focal spot, have fully active volume under

100 V bias condition. They are embodied in a big lead collimator to prevent as

much as possible Compton scattering in the detectors which decreases the

machine spatial resolution (figure 4). Near the detectors, the electronic performs

the different signal integration, the coding on 21 bits and the optical fiber

transmission to a DEC computer.

Each X-ray pulse provides, for a CdTe irradiated volume of 0.7x0.08x2.5 cm3, a

collected charge equal to 10 nC.

Results

To analyse the performances of the CT machine, we made images of different

phantoms : a 30 cm steel cylinder and a 25 cm lucite cylinder with inserts of
various density (Pb, Cu, Fe, BaF2, Al, Teflon, Lucite, H2O (figure 5). As shown in

Figure 6, the image measurements in the inserts areas are correlated with density.

The first aim of a CT machine is to represent the density in a slice. Another

evaluation test is to measure the possibility of detecting small defects in the object
: 100 nm delamination in a solid rocket motor model have been detected. We

measured a spatial resolution of about 1.5 line-pairs per millimeter.

Figure 7 shows another possibility of application : it is a slice of a 40 cm length

cast-iron engine block.



Conclusion

After a first CT image made with a cadmium Telluride detector in 1987, we

developped at LETI a tomograph machine with 25 CdTe detectors and a

VARIAN 2000 linear accelerator. The results in the begining of 1990 confirm

that Cadmium Telluride is a good choice for high energy pulsed X-ray detection.

We now propose 64, 128 and 256 detectors for industrial products. This kind of

machine is commercialized by INTERCONTROLE Company.
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Figure caption

Figure 1 Typical response of a CdTe photoconductor to a high energy

X-ray pulse

Figure 2 Lead attenuation measurements at 8 MeV for 4 CdTe detectors

Figure 3 5 MeV CT system with cast-iron engine block on the test bench

Figure 4 Cadmium Telluride detectors with its collimation and electronic

Figure 5 Density phantom image

Figure 6 Correlation between the image measures and the true inserts

density

Figure 7 CT image of a 40 cm length cast iron engine block
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FIGURE 1

TYPICAL RESPONSE OF A CdTe PHOTOCONDUCTOR

TO A HIGH ENERGY X-RAY PULSE
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FIGURE 2

LEAD ATTENUATION MEASUREMENTS AT 8 MeV

FOR 4 CdTe DETECTORS



FIGURE 3

5 MeV CT SYSTEM WITH CAST-IRON

ENGINE BLOCK ON THE TEST BENCH



FIGURE 4

CADMIUM TELLURIDE DETECTORS WITH ITS

COLLlMATION AND ELECTRONIC



FIGURE 5

DENSITY PHANTOM IMAGE :

25 cm LUCITE CYLINDER WITH INSERTS OF VARIOUS

DENSITY AND HOLES FROM 2 mm T012 mm
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FIGURE 6

CORRELATION BETWEEN THE IMAGE MEASURES

AND THE TRUE INSERTS DENSITY



FIGURE 7

CT IMAGE OF A 40 cm LENGTH CAST IRON ENGINE BLOCK


