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Abstract 

We report the observation of a split intensity distribution from die anode of fine 

focus x-ray tubes probably due to tungsten deposited on the target. Such a doubling of 

the target complicates die interpretation of Aco-A26 intensity distributions, introduces 

systematic errors in the determination of lattice parameters and the increasing tungsten 

deposit affects, of course, the intensity of x-ray tubes. 

In the course of determining the A(o-A26 intensity distributions (Mathieson 

1982) from a boron phosphide (Perri, LaPlaca & Post, 1958) single crystal sphere we 

observed unexpected structure which suggested a doubling of the expected pattern 

(Figs, la and lb). Under the conditions in which the scans were carried out the Kaj and 

K0C2 peaks were resolved but a doubling of the Kot peaks is also evident. The data has 

been obtained on a Philips PW 1100/20 computer controlled four-circle diffractometer 

with a graphite incident beam monochromator and a 100 um detector aperture. 
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(a) (b) 

Figure 1. (a) A(o-A29 scan of the Mo Ka 111 reflection of boron phosphide showing the 

doubling of the Koci peak. The K0C2 peak shows the same effect but this is partly 

obscured by the adjacent more intense (Xi component, (b) The peaks in (a) are composed 

of the sum of two Ka peaks, each shown by dashed profiles - the sum is shown as a 

continuous line. 

Replacement of the molybdenum fine-focus x-ray tube by another molybdenum 

fine-focus tube of the same type left the pattern almost completely unchanged. Our 

initial conclusion that the split pattern observed was therefore not due to the x-ray tube 

was, however, shown to be incorrect as direct observation of the target through a 

pinhole of approximately IS urn diameter produced in a lead sheet showed that the 

target was split into two regions of high x-ray emission separated by a region of low 

emission (Fig. 2). [The pinhole was obtained by first drilling a small hole through a 1.5 

mm thick lead sheet and then using a 1.5 mm diameter ball bearing to swage the hole 

over until the desired size aperture was produced.] 
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Figure 2. Pinhole image of the fine focus source. 

The observed intensity distribution could be due to the coating of the central part 

of the anode by tungsten emitted by the filament. [One of us (ZB) recalls that inspection 

of the target of a damaged fine-focus tube showed a fine, slightly meandering, line of 

discolouration.] Both of the fine-focus molybdenum tubes used in this study had been 

operated for several thousand hours. The expected intensity distribution from an x-ray 

tube is trapezoidal in shape with rounded edges (cf. Fig. 2); however, anomalous 

distributions have been noted by several authors (Stevenson, Mathieson and White, 

1986; Urbanowicz, 1981). In particular, the study of Urbanowicz, 1981, where the 

design of a Bond diffractometer for the accurate determination of lattice constants is 

discussed, notes similar source intensity distributions to those observed here. In that 

study where fine-focus x-ray tubes were used, consideration was given to the effect of 

source asymmetry in the determination of accurate lattice parameters. 

The separation of the centres of the intensity maxima in the above image is 

approximately 0.6 mm and, when projected back from the image plane to the source 

plane, represents an actual separation of approximately 0.3 mm. The angular separation 

of these source maxima subtends an angle of 0.07 at the crystal. Thus the maxima at 

the detector should be separated by the same angle, as this is the amount by which the 

crystal has to be rotated in (0 to satisfy in turn the Bragg condition for each of the two 

parts of the source. Measurements made on the Ao>A28 intensity distribution contour 

plot of the 111 reflection indicate an angular separation at the detector of 0.06° which is 

in reasonable agreement with the expected value. 
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It should be noted that the observation of the splitting by means of the Aco-A20 

intensity distributions is facilitated by the geometry of the Philips diffractometer in 

which the line AB perpendicular to the length of the split in the source is always parallel 

to the equatorial plane of the diffractometer (Fig. 3). In diffractometers with horizontal 

tube mountings in which the line AB is perpendicular to the equatorial plane of the 

diffractometer this splitting is generally unobservable since the line AB is imaged in a 

plane perpendicular to the AO-A26 motion. 
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Figure 3. Philips diffractometer geometry showing ray paths from the split source to the 

detector. 

In addition to being a complicating factor in AC0-A29 studies when using a 

diffractometer with the Philips geometry, the doubling of the peaks also affects the 

profile of the integrated intensity peak (Fig. 4) and gives rise to systematic errors in the 

determination of lattice parameters. Also, such deposits at the centre of the target no 

doubt cause considerable diminution of the x-ray emission with tube age. The intensities 

from the two tubes used in this study differed by about 30%. 
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Figure 4.111 peak profile obtained using a standard (0-28 scan; the shoulder is the sole 

indication of the doubling of the peaks 
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