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A simple control device has been developed to synchronize a single-channel
pulse height discriminator with the rotation of the crystal in an x-ray spectro-
meter over an energy range of 1 : 8. Both the bias voltage and the window width
of the discriminator are continuously adjusted. The spectrometer had a 50 kv
tungsten target x-ray tube, an LiF analysing crystal and a scintillation counter.
With this arrangement the line-to-background ratio for a wavelenght of about
2-8 A is improved by a factor of 33 compared with results obtained without a
discriminator. Second-order reflections were attenuated within the whole wave-
band 0-35 < 2 > 2:8 A by a factor of at least 60, and third-order reflections
by a factor of at least 400.
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Abstract. A simple control device has been developed to synchronize a single-channel pulse
height discriminator with the rotation of the crystal in an X-ray spectrometer over an encrgy
g range of 1 : 8. Both the bias voltage and the window width of the discriminator are con-
tinuously adjusted. The spectrometer had a 50 kv tungsten target X-ray tube, an LiF
analysing crystal and a scintillation counter. With this arrangement the line-to-background
ratio for a wavelength of about 2-8 A is improved by a factor of 33 compared with results

obtained without a discriminator.

Second-order reflections were attenuated within the

whole waveband 0-35 << A > 2-8 & by a factor of at least 60, and third-order reflections

by a factor of at least 400.

1. Introduction

Considerable experience in the x-ray fluorescence analysis
of mineral and rock specimens, in which many elements
occur simultaneously and sometimes unexpectedly, have led
us to the development of the device described here. The
advantage of the extension of pulse height discrimination
over the whole registered spectrum is well known (see, for
example, Heinrich 1961): both the accuracy of measurement
of minor constituentst and the detection limit in recordings
of spectra are considerably improved. With exception of the
work of Philips (see Chem. Weekbl. 1962) no practical
application seems to be known and this encouraged us to
publish our method, which is easy to put into practice and
not expensive. This type of discrimination could also be
used for micro-probe analysers in trace analysis.

2. General considerations

The principal parts of an X-1ay spectrometer for analytical
purposes are: (i) an electron beam or an X-ray source for
stimulating the x-ray spectrum of the specimen under exami-
nation, (i) a spectrometer arrangement, in general a single
crystal spectrometer, to analyse the specimen spectrum into
its several wavelengths A, and (iii) the detector unit. In the
Bragg type spectrometer used here a (planc) analysing crystal
turns uniformly about its axis and so continuously changes
the angle of incidence . According to Bragg's cquation
nA = 2d sin 0 the wavelength A is reflected in nth order for
an anglc of incidence # (4 = interplanar spacing of the
analysing crystal). The usual detector for the region A<<3A
is a scintillation counter, which is used because of its constant
quantum sensitivity over a wide range of A, a short resolution
time compared with that of Geiger counters, and the fact
that the amplitude of the output pulse is proportional to the
energy E of the incident photon

E = helA N

+ Major constituents, i.e. high pulse rates, generally reduce the
accuracy of measurements when one is operating with a discrimi-
nator. However, in such cases one can casily find devices to
short circuit the discriminator automatically.

where & = Planck’s constant and ¢ = velocity of light. The
Jast-mentioned property, which is common also to gas-filled
proportional counters, makes it possible to separate super-
positions of spectral lines or scattered radiations of different
reflection orders n corresponding to their different energies nkE.
Therefore, the spectrograph has a proportional amplifier and
a single channel discriminator to regulate electronically the
passage of the wanted quantum energy E corresponding to
wavelength A. The standard deviation of the pulse height
distribution on the output of the scintillation counter decreases
as E'/2; consequently, the required relative channel width of
the discriminator is also a function of E.

For any fixed value of f it is necessary to adjust both
(a) the mean quantum energy passage and (b) the channel
width: for scanning through a spectrum it is necessary to
synchronize the corresponding electronic circuits (a) and (b)
with the angle of incidence.

The electronic circuit (a), if linear, has to satisfy a relation
of the following kind:

Vyoc EMM, @

where V4 is the mean discriminator threshold voltage (in
volts), M is the amplification factor of the circuit, including
preamplifier, cathode follower and linear amplifier, M, the
gain of the photomultiplier, which varies as a high power
(~7) of V, (Birks 1960), and Vy is the total voltage at the
photomultiplier.

Coupling this circuit with the angle of incidence 8, by
combining (1) and (2) with the Bragg equation, we find

const. X sinf = MM, [V;. 3)
With the variables M, Vy and M,, there are basically three
different possibilities of synchronization. While in the new

Philips apparatus the amplification factor M is varied, we
have selected the condition

V4 = const./sin f

¥, and M being both kept constant, because from our point






























