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X-ray detectors capable of visualization of the spatial distribution of the radiation field are interesting for many
applications, especially in medicine. In 50s the attention of researchers has been attracted to the detectors based
on a powder electroluminescent (EL) phosphor (e.g. ZnS:Cu) connected in series with a semiconductor (S)
sensitive to X-ray (e.g. thick-film CdS) [ 1 2. Impedance of the two were chosen so that the voltage drop on the
EL layer is insufficient to excite electroluminescence in darkness (without X-rays). Under action of X-rays the
S-layer resistance is decreased and, as consequence, the voltage on the phosphor increases and EL eission with
the intensity dependent on Xay dose rate arises. However, these "EL-S" detectors did not of use due to the
slow response (several seconds), instability, and low picture contrast. To iprove these characteristics, a new
variant of the EL-S detector has been studied in this paper. The novelty consists in the use of a thin-film
electroluminescent structure (TFELS) and a semiconductor wafer instead of a powder and thick-film layers used
earlier.

TFELS under study were a common alternating current EL MISIM structure 3], where M is an ectrode
(indiurn-tin oxide and Al films), I is an insulator layer (e.g., SiO2/AI203 film - 300 rn), and M is an EL
ZnS:Mn film 600 - 800 m). As the semiconductor a - 400 = thick wafer of semi-insulating undoped GaAs
(p = (I - 7 - IO' Ohm - cm, = - 6 - IO' cm' V` s") was used. An ohmic multilayer contact (Ge/Au/Ni)
was deposited on the both sides of the wafer. The area of tested cells on the TFELS and the GaAs wafer was the
same (- 0 I crn').

X-raying has been performed with use of a Mo anode X-ray tube at the voltage of 30 keV and the current in the
range from to 20 mA. The dose rate was varied from to 2 R/s. Sine voltage was used for driving of a cell of
TFELS connected in series with a S-cell. For Impedance matching of the both the voltage frequency was
changed from 50 to 1000 Hz. The EL emission was passed through a light guide on a photornultiplier calibrated
by means of a luminance meter.

The sensitivity to X-rays both TFELS and GaAs were measured separately at various voltages and frequencies.
The sensitivity of the former is low. Te increase of EL luminance by 30-50 % takes place under action of the
X-rays dose rate of 2 R/s. Meanwhile the sensitivity of GaAs used is rather high (Table 1) 'Me maximum ratio
of its resistance without and with X-raying (1101k) is equal 9 - 12 and is nearly the same in the whole frequency
range studied. This ratio depends on applied voltage (U) and is maximum at U = 150 - 250 V. The maximum of
the voltage dependence of R,(R, is more abrupt at higher frequencies.

Table 1. Ratio of resistance of GaAs wafer (p = IO' Ohm cm) without and with X-raying at various voltages
and frequencies. Dose rate I R/s.

Rg(R.

50 100 200 300

60 4 8 9 8
300 3 6 12 6
1000 2 5 1 3

The voltage dependence of luminance of TFELS cell connected in series with a GaAs cell has been measured at
various X-ray dose rates and frequencies. The typical results for a frequency nearly equal to the optimum
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frequency as to impedance matching (100 Hz) are shown in Fig. la. 'Me luminance-voltage dependence has a
very high steepness near the threshold voltage contrary to that of powder phosphors. This allows to expect
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Fig. 1. a. Luminance-voltage dependence of TELS cell connected in series with GaAs cell
(p = IO' Ohm - cm) at various X-ray dose rate. Frequency is near to optimum one (I 00 Hz).

b. Semilog dependence of ratio of luminance with and without of X-raying on dose rate at given
volatge. U = 3 59 V; f = I 0 Hz.

higher picture contrast in the detector under study as compared with analogical known detectors 2 3 The
threshold voltage decreases significantly when the dose rate increases. At given voltage the luminance increases
with the dose rate (P.) almost exponentially at P,, < 02 R/s (Fig. lb.). It should be noted that the ratio L/L is
significantly higher 100 fold) than the ratio RR, for alone GaAs at given dose rate, especially, at the low
one. The sensitivity and luminance response of the EL-S detector estimated from these results are equal

to I R/min > 6 cd - cd , respectively. The luminance response is more 30 times as high as that for known
m 2 m 2

X-ray fluorescent and scintillation screens 4]. In addition, the response of the former is significantly faster than
that of analogical known detectors: tens of microseconds and several seconds, respectively. The magnitude of
the above parameters are not limiting and can be improved. In particular, the driving voltage can be decreased
by the use of GaAs with somewhat ower resistivity.

To use the new EL-S detector for visualization of a X-ray picture and the spatial distribution of the radiation
field, it is necessary to combine the both its components, depositing TFELS directly on a S-wafer as the
substrate. Such a variant of the detector is being studied and will be discussed in the full text of this paper.
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