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1 INTRODUCTION 

X Ray imaging with monochromatic radiation is widely used for crystal studies. High, 
intensity monochromatic X-Rays are generally obtained from the characteristic radiation of metallic 
targets, and the corresponding photon energy does not exceed 20 keV ; low energy is also required 
to get a convenient diffraction angle (0 as 45*) with common interatomic spacings (d st 1 A) when 
Bragg reflection is used. 

The common need for collimating the X-Ray beam, and the very low diffraction yield result 
in a weak signal, so very long exposure times are needed for photographic recording. 

Some very powerful X-Ray sources, like that of LURE DCI at Orsay, use synchrotron 
radiation. These sources, when filtered to obtain monochromatic radiation, can deliver about 10* 
times more photons than conventional generators. In this case, real time imaging by means of image 
intensif iers or camera tubes seems possible, offering the possibilities of dynamic observation and 
signal processing. The difficulty encountered with image tubes is to obtain the high spatial resolution 
(2 to 5 pm) generally needed for topographic experiments. 

The utilization of camera tubes and image intensif iers for the detection of topographic X-Ray 
images has been the subject of papers by many authors. R.J. GREEN Jr (1) gives a comprehensive 
review of the published results and separates the detectors into two general categories : 
a) Camera lubes of the vidicon type with a window transparent to the incoming radiation, and a 

target modified to increase X-Ray absorption. The sensitivity of these tubes, without internal 
amplification, is relatively low, and the resolution is limited to between 20 and 30 jim by the 
thickness of the target. The use of this type of tube is thus limited to high X-Ray dose rates, and 
the resolution is too low for the considered application. 

b) Camera tubes or image intensif iers formed by optically coupling a fluorescent screen to a light-
sensitive image tube. 
In this way, good detection efficiencies and good resolutions can be obtained simultaneously. The 
high internal gains of camera tubes like the Nocticon® TH 9659 (SIT), or image intensifiers with 
cascaded stages, like the TH 9303, or microchannel plate amplifiers permits detecting of weak 
photon fluxes as will explained later ; by using thin phosphor layers, the spatial resolution is 
mainly limited by the tube's MTF ; however, résolut on can be increased by means of a magnifying 
optical coupling system. The performances obtainable by coupling a thin phosphor screen to a 
high gain image tube like the TH 9659 or the TH 9303 (Figure 1) is the purpose of this 
communication. 

2 RESOLUTION OF THE COUPLED ASSEMBLY 

The MTF of a phosphor screen depends on many parameters,such as the type of deposit 
(transparent or scattering), the thickness, the granulometry, the compactness, and the nature of the 
interface materials (reflecting or absorbing). R.K. SWANK has computed the MTF of various types of 
phosphors and the published results are showr>in Figure 2. On the same figure the MTF measured in 
our laboratory for s scattering layer (thin P20 powder) under electron bombardment has been 
indicated. As the excitation mechanism is not the same, results cannot be directly compared. 
However, for the same thickness, the practical MTF must be lowrr than theoretical ones because 
of the packing fraction which is generally about 50 %. 



The limiting resolution of an image tube typically corresponds to the frequency for which 
MTF is about 0.05. Considering the general shape of the MTF given in Figure 3 for Nocticon camera 
tubes or cascaded image intensifies, this is easily obtained when the MTF of the image tube and 
that of the coupled phosphor are roughly the same, about 0.20. 

This occurs for a spatial frequency f =: 0.4/t, where t is the phosphor thickness. The 
corresponding thickness and limiting resolution have then been computed ; as an example, the 
r solution is 20 mm'1 f or a 20 jim thick phosphor directly coupled to • TH 9303 image intensifier. 
Resolution can be increased by a magnifying optical coupling system, but the phosphor thickness 
must be reduced in proportion to the magnification. Results are nearly the same with the TH 9659 
camera tube. 

3 QUANTUM YIELD 

The most appropriate yield in this application is the mean number, N, of electrons released 
by the photocathode to which the screen is coupled, for each incoming X photon : 

N - Y(S).F(S-P).Y(P). (1) 
where Y(S) is the quantum yield of the phosphor screen. Y(P) the maximum yield of the photo-
cathode, and F(S-P) the spectral matching factor between photocathode and screen. 

Two curves of Figure 4 (shown in broken Ikies) show typical relative spectral responses of 
multialkaline photocathodes deposited on fiber-optics faceplates. The curve for the photocathode 
with extended red response (S20 ER) is characteristic of the three-stage image intensifier TH 9303 
and the other one is typical of the TH 9659 Nocticon camera tube. The other curves of Figure 4 are 
the spectral emissivity E (X) of some phosphor screen materials known and used for X- Ray detection. 
Some of these materials (I Cs Tf, Zn S Cd (P20), G d 2 0 2 S (P43)), demonstrate a soectral emission 
centered near the maximum sensitivity of multialkaline photocathodes, this giving a good matching 
factor. 

The matching factors have been computed using relative values for photocathode spectral 
sensitivity, and the results are given in Table 1. 

The quantum yield of some thin phosphor screens deposited on fiber-optics faceplates have 
been measured with 8 keV X-photons by means of an image intensifier. The spectral response and 
the gain of the image intensifier had been calibrated before coupling to the saeens ; then the 
assembly was exposed to an 8 keV source (Cu Ka) giving a flux of about 2.810* photons per second 
(previously measured with a scintillation counter). After correction for spectral matching, the 
measured values of Y(S) are given in Table 1. 

The computed values of the absorption ratios are given in the same table. They assume a 
50 % packing fraction for the screens which are made of agglomerated powder, and a theoretical 
density close to 1 for I Cs, Tf which is deposited by vacuum evaporation. 

The best quantum yield is obtained with P43 (Gd2 02 S) which is the most abst rbent material. 
Some uncertainty concerns the values measured for I Cs, Tf, because of atmospheric instability. 

After correction for fiber optics absorption, the measured quantum yield, corresponding to 
a maximum conversion efficiency of about 4 %, appears to be relatively low. As the absorption 
decreases with increasing photon energy, the quantum yield will be approximatively constant up 
to 25 keV for phosphor screens of the same thickness. 

4 NOISE FACTOR 

Each step of the detection process is characterized by a quantum gain g x which is subject 
10 random fluctuations. 

The corresponding signal degradation can be expressed by the noise faclor F. F is the ratio 
of the relative variations of the output signal to the input signal. Calculations by Van SHOONE VE LD 
(3) can be applied ar\d by assuming a Poissonian fluctuation 'dn_ = _i i 

n "7= v n 
of the incoming X pho.ons, the following expression can be derived : 

V " #> • i r , ¥ ' * i r ! » # + - « 
In the present case, the different steps are as follows : the first step is the detection of the 

incoming X photons by the phosphor screen (gl « Y(S)), the second step is the electron conversion 
by the photocathode (g2 = Y(P).F(SP))r and the third step is the electron multiplication by the 



jmage tube to which the phosphor screen is coupled. The'electron multiplication by each stage of • * 
cascade image" intensif ter is about 50, and electronic gain in the silicon'target of a' Nocticon tube ts~~ 

; about 2000, so that the last term of expression (2) can be neglected. 
The second step of the process concerns photocathode conversion with g2 a 0.10. 
For this type of process, which results in 0 or 1 event each time, we assume like Van 

SHOONEVEDL that we can write : 

_ ? - I _ - fi 
! «2 92 j 

So far as the phosphor screen is concerned, the relative fluctuation cannot be measured 
independently of a photocathode because of its relatively low quantum yield. We have tried a photo-
jnultiplier associated with a multichannel pulse-counting sys.tem._A typicaJLspeçuym for a thin P43_ 
Jîbpsphprjayer. is shown"jn Figure 5^ ; _ __ _ _ 

Calculations from this curve show that the pKotocathode is stiirinaîrïïy responsable for the 
dispersion, the screen influence being of the second order with dgl. from 0.1 to 0.2. 

The total noise factor is about 1.3 and will not be a limiting factor for real-time imaging. 

5 - REAL TIME IMAGING 

When using image tubes for the real-time observation of topographic images, the integration 
oeriod is that of human eye, between 0.1 and 0.2 seconds. Two cases are then possible, depending 
on the magnitude of the incident X-photon flux : for higher fluxes, the resolution is only limited by 
the MTF of the detector and corresponds to the preceding calculation ; for lower fluxes, the 
resolution is photon-noise limited. The transition between the two types of limitation appears when 
the number of electrons leaving the photocathode from each resolvsd detail is between 10 1 and 10 s 

per second. These values are consistent with the measurements made for low-light-level applications 
of the same tubes. 

By referring to thepreceding measurements, real-time imaging appears possible with incident 
, X-photon fluxes of over 10* to 10 f phr'.^i. s'1 .cm'3 ; these values must be compared with the 
:pr>oton fluxes encountered in the topographic experiments : 
a) With a conventional generator, the maximum photon flux is about 5 10' photon.s'1 .cm'1 (Cu Ka, 

40 kV, 20 mA). Real-time imaging with a resolutio i better than 10 Ip/mm (50 pm) is not 
possible, and the use of image tubes is limited to detecting image positions and setting up the 
experiments. 
Photographic exposure times can also be reduced for recording details of s 10 |im width. 
However, rotating anode X-Ray generators deliver about 10 times more photons and, under 

i favorable conditions, real-time imaging with direct coupling of the phosphor screen to the photo-
! cathode is possible. 
; In this way, resolutions of 20 Ip/mm (25 fim) are obtainable ; optical magnification to increase 

real-time resolution is .tot possible. 
b) With synchrotron radiation, fluxes of, typically 10* photons, s'1 .cm1 have been measured at 
i Orsay by the LURE group. Real-time imaging is possible in these circumstances, and television 

experiments have been performed with a 12 jim thick Csl Tt layer deposited on a fiber-optics face-
: plate directly coupled to the photocathode of a TH 9659 Nocticon tube. Resolutions of about 

30 jim have been recorded, as is shown in Figure 6. In the same experiment, the photon flux was 
j found to be sufficiently high to permit using a magnifying coupling (x2 to x3) between the 
, phosphor screen and the tube : real-time imaging of details about 10 j»m wide would thus be 

possible. The most convenient way of providing optical coupling with a minimum photon loss is 
[ to use commercially available magnifying fiber optics. The phosphor is then deposited directly 
) onto the fiber optics. Experiments are at present underway with this type of coupling. 

6-CONCLUSION 
I _ _ _ _ _ 

We have investigated the possibility imaging topographic figures in real time by using a thin 
scintillator coupled to either a high-gain image intensifier or a camera tube. The camera tube must 
have a high gain because of the low photon fluxes that are encountered in practice,and because of 
the relatively low quantum yield of thin phosphors. 

With conventional X-Ray generators, the resolution is photon-noise limited. With more power
ful generators like synchrotrons, real-time imaging appears possible, and the resolution is limited by 
!.t.he MTF_of theimage.tube. ; . 

http://sys.tem._A


Higher resolution can be reached by increasing the magnification between the screen and the 
image tube. When doing so. the input field is reduced and thinner phosphor screens mut be used, 
resulting in a lower yield. Each time the magnification is doubled, the minimum required photon 
flux is multiplied by about 8. so that the advantages of increasing the magnification are rapidly 
limited, so far as realtime imaging is concerned. 

Because image tube resolution is mainly limited by the MTF of the phosphor for mage 
intensifiers. and by that of the target for camera tubes, improvement of photocathode resolution 
can be obtained by magnifying electron optics. A zooming elecuon optic would permit the field and 
the resolution of the tube to be adapted to the observed subject. 

Unfortunately, such tubes do not exist at present for this type of application, and in the 
required size. 
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TABLE 1 

Phosphor Material P43 (Gd 3 0 2 S) ICsTf W0 4 Ca ZnSCd* 

Screen thickness 8 12 | 16 6 12 8 6 

Spectral-
Matching 
Factor with 
Photocathode 

S20 

S20EH 

0.91 

0.95 

0.72 

0.86 

0.17 

0.18 

0.81 

0.88 

Quantum yield 71 77 86 39 69 43 31 

Absorption 
Ratio U> 65 79 88 56 71 27 118 

• 

* with reflecting backing 
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