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Together with a variety of researches on synchrotron ra-
digation (SR) beams from electron-positron storage rings, the
studies on X-ray topography, both fundamentsl and applied, are
being carried out at the Novosibirsk Institute of Nuclear Phy-
sicg. Conventional X-ray topographic imaging detectors - pho-
toemulsions = have no competitors over spatinl resolution but
they have a low sensitivity and some disadvantages of photo-
treatment. boreover, photoemulsions are not adequate to the
atudies of the dynamics of crystalline structures which have
become really feasible just on the SR beams. At the INP, X-ray
vidicons are being employed and CCD matrices are being prepa-
red for use as X-ray topographic imaging detectors.

In an X-ray vidicon, an X-ray sensitive target 1= deposl-
ted on the inner surface of the entrance window which is made
of 1-mm-thick carbonglass. The {ransmittance of such a window
ageinst the wavelength of X-rays is plotted in Fig. 1. It is
obvious that the long-wave region, which is gignificant in ob-
taining the Borrmann images of the defects in crystals, is
difficult to access for an X-ray vidicon of such a constructi-
on. At present there are X-ray luminophors with the X-rays-to-
-light conversion efficiency in tens percent. In addition fo
conventional light vidicons with 0.1 = 1 lx threshold of sen-
gitivity, there are now home supervidiconsg with a diode-mosaic
ailicon target, electrostatic focusing in the electron image
transfer section, magnetic focusing and beam deflection in the
readout section, and with a fiber-opticel window (decompositi-
on of an image into 625 lines and 25 frames per second). Their
threshold sensitivity reachs 10_3 lx. Deposition of X-ray lu-
minophor on the fiber-optical entrance window of a supervidi-
con turns it into a highly-sensitive X-ray imaging detector.
The device is light-shielded by thin black paper. The device
is used in combination with a tv cemera KT[1-39, optical attach-
ment O[1-22 and with tv monitors BK-29 and BK-23 (with
photoattachment).

The parameters of the device have been measured by means
of an apparatus shown in Fig. 2. For this purpose, the separa-
ted K-=lines of various elements - the projections of the line-
ar focus of an X-ray tube - were used; & grinded silicon cry-



stal in the Bragg reflection (111) was used as the dispersing
element. Utilization of a grinded crystal is due to the neces-
gity of achieving a large flux density of photons at an insig-
nificant relative widening of the images of the spaced apart
X-ray lines because of large width of the reflection curve of
the grinded crystal, since the projections of the focuses of
X-ray tubes are equal, all the same, to 40-1ﬂﬂpm in cross sec-
tion. The absolute measurement of the flux density of the mono-.
energetic photons was carried out with a proportional soldering-
-off counter CPMO -16, previously calibrated with respect to
the efficiency at various wavelengths (Fig. 4)+ The shape of
the spectrum has been registered by means of photoplates of

MP type intended for nuclear studies, with an emulsion thick-
negs of 1D}¢m and with the same spatial resolution in the case
of the development of exposured photoplates at room temperatu-~
re. The photometering of the plates was performed (Fig. 5 illu
gtrates the corresponding characterisgtic curve (/1 /) for the
K-lines of molybdenum; ¢ ig the flux of photons; H is the ex-
posure dose; D is the photographic density of blackening) with

a scanning slit of 10 jim.

To measure the spatial Tesolution of the tv device, the
Eﬁﬂqz -lines of molybdenum were taken on the photographic film
" Micrat-300 from the monitor screen (see the previously obtai-
ned, corresponding characteristic curve in Fig. b)Y« Because the
measurement of dependence of the brightnese of images on the
monitor screen on the flux density of the photons in the peak
of the line is too cumbersome with the use of photometering,
this dependence was obtained for the Kqu ~-line of molybdenum
(Fig. 7) using the cutting-off light polarization attach-
ment (a polarizer and mobile, with angular scele, analyzer)
and neutral filters. The latter compensate the tranuparency of
the analyzer and have the plateau within the 4000-6000 h range,
according to spectrophotometric data. The observation was per-
formed with a mirror photocamera whose relative hole remained
unchangeable. The brightness of image of the qu -line of mo-
lybdenum against the flux density of the photons is plotted in
Fig. 8; the comments concerning the particular parts of this
dependence are given in this figure as well. In the present

case macolinium oxysulphide (luminous in the syreen range of
the spectrum) was used as an Z-rays-to-light converter. Becau-
se the dynamic range of the tv device is clear from Fig. 8,
only comments are given for the other luminopliors (yttrium
oxyoulohide end K/13-3) and wavelengths: ot Fig. 9, point O
corresponds to the threshold of observation of the line, point
5 corresponds to the beginning of amearing ("overlighting") of
the linc, and point ¥ corresponds to the beginning of mersing
of the o, and.cﬂzlincs. fttrium oxysulphide shines in the vio-
let range and K/12-2 chines in the green-yellow range of the
gspectrumn. 1t is natural that the supervidicon visualizes the
imeges of the lines immediately: the estimated "spreading" of
image equals about half a second during scanning of the vidi-

con and, ajparently, is caused by the after-shining of lumino-
nhoro.

Pigs 10 illustrates the spatial resolution of the tv de-
vice being tested; the standard is the svectrum of the K
coublet of molybdenum on the photoplate; the thicknesos of the
facolinium oxysulphide layer was 71 e in thia cagc. In Fig.
it is shown that the inerease of the thickness of luminorhor

layer (zadolinium oxysulphide) does not gct vrorge substantial-

11,

ly the spatial resolution. This is connected with very low
light-transparency of luminorhor powder: the light gets to the

fiber-optic entrance window only from the thin layer of lumino-
phor adjacent to it. The imperfect technology used in this =

[

L e
to deposit luminophor on the supervidicon entrance - airstream
atomization of luminophor suspenszion in a solvent with

o a sticking
acdition - makes it unavoidable the formation of thick (with
very uneven relief) layers beczuse of a great numnber of drons

e

and, on the other hand, of "bald patchs". This results in =
noticeable "grainness" of image and, the main thing, in the
inefficient utilization of I-rays: in Pig. ©, given are not
only the thicknessgof luminophor layers but also the measured
trangmissions of these layers (the supervidicon entrance ond
the "witness", which is intended for measuring the thickness
and transmission of X-rays, were atomized simultancously). The
presented transmissions are of estimative nature. It is, howe-
ver, seen that the threshold values for the flux density of

the photons can be considerably decrcased (points 0 in Fig. 9)



if very fine luminophor powder (obtained after previous preci-
pitation of large grains on the botiom of a vegsel for prepara-
tion of suspension) is precipitated on the entrance windows
Obvious is the following: the thickness of luminophor must not
exceed the length of absorption of the light of roentgenoluml -
negcence in it. In this case, not only the minimum values for
the threshold flux densities of the photons can be achieved,
but the spatial resolution, close to the cross size of the en-
trance window fibers, 10 plm, can be cbtained reliably. In or-
der to compare the sensitivity of a supervidicon with phosphor
gereen and that of X-ray vidicons, the following parameters
were measured: threshold flux densities of the photons for non-
commercial sample of the X-ray vidicon with a carbonglass en-
trance window, which is designed for defectoscopy of mobile ob-
jects and has an inertness of ebout 2 s and lateness time of
about 0.5 s (Table 1); the times of writing down (storage ti-
meg) of the prototype of anX-ray vidicon with controlled memo-
ry and carbonglass entrence window for operation with static
objects (its spatial resolution is given in Ref. "/ 1f) as a
function of the flux density of the photons (Pig. 12).

Tt ig clear that a supervidicon with luminophor screen
extends the possibilities of televisualization of X-ray images,
by moving both into the lower range of the threshold fluxes
densities of the photons and into the longer-wave range of the
X-ray spectrum.
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