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in Fig. .20, The curved crystal spoctrometer geametry should remind you of the Rowland
cincle gopmetry for optical cmission spoctrometers discussed in Chapter 7.

Rr42  Derecrors

Feray detectors transform phaoton energy ingo electrical pulses. The pulses {and there fone,
the pheotons are oounted over a period of time, The codoir rare, wsually expressed as coumts
per second, is a measure of the imensity of the X-ay beam. Operating the detoctor as a
photon counter s particularly wseful with low-imtensity spurces, as is ofien the case
with X-radiation.

There ane three major classes of X-ray detectors incommencial wse: gas-filled detec-
wors, acindillation detectors, and semiconductor detectors. Semiconductor detectors will be
discussed with EDXRF cquipment. Both WEXRF and EDXREF detection makes use of a
signal processorcalled a pulse height analyzer or selector in conjunction with the detector,
and dizcussed subseguently.

243 Gas-Filled Derecrors

Suppeae we take ametal cylinder, fit it with X-ray transparemt windows, place inits center
a positively charged wine, A1l it with inen fller gas, such as helivm, argon, or xenon, and
szalit. If an X-ray photon enters the cylinder, it will collide with and ionize a molecule of
the filler gas by cjecting an gurer shell elecrron, creating a pedmeery fove peir. With helivm
as 4 filler gas, the jon pair would be He and a photockectron e~ A scaled gas-filled
detector of this type is illustrated in Fig, .21, The inkemction

v 4+ He — Het +e” 4+

takes place inside the tube. The clectron is attiracied to the conter wine by the applicd poten-
tial on the wire. The positive charge causes the wine tooact as the ansde, while the positive
ion, He™ in this case, migraies o the metal body {the cathode ). The cjected photosleciron
has a very high kinetic encrgy. [ loses energy by colliding with and ionizing many
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Figure 820 Schemstic ol the optical path in a cwrved crystal specirometer. [Couresy ol
PARalytical, Inc., The Netherlands (www panalytical comi]
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Figure 8231 Schematic diagram of a gas-lilled Xoray detecior wbe. He liller pas & jonised by
Xeray photons to produce Het ons and electrons, e, The elctrons move & the positively
charged center wine and are detected. (Madilied Irom Parsons, used with permoson. )

abeditinmel pas nolocounles ax il imgeves e e comer wine, A plod ol e soondes ol eleot s
eaching the wire va. the applicd potential is given in Fig, §.22.

With no voliage applicd, the eleciron and the positive ion (He™) recombine and no
curment Hows. As the voltage is slowly increased, an increassing numbser of clecirons reach
the amesdc, but not all of them; recombination still eccurs. This is the sloping region
marked A in Fig. 8,22, At the platcau marked B in Fig. 822, all the clectrons released
by a single photon reach the anede and the cument is independent of small changes in
the valtage. A detector aperating under these voltage conditions is knoown as an G farion
conetirer. lonization counters ane not wsed in X-ray spectrometers because of their lack
of aensitivity.

As the voltage increases funher, the electrons moving toward the center wine ane
increasingly accelerated. More and more elecirons reach the detector as a nesult of an
avalanche of sccondary jon pairs being formed and the signal is greatly amplifed. In
the region marked Cin Fig. 822 the current pulse is propontional to the cnergy of the
incoming X-ray photon. This is the hasis of a proparionsd cowrer. In X-ray apeciromeiry,
gas-hlled dewctors ane wsed exclusively in this range, that is, as proponional counters,
The amplification factor i3 a complex function that depends on the ionization
potential of the filler gas, the anode potential, the mean free path of the photoe lecinons,
and oiher factors. It is crtical that the applied potential, filler gas pressure, and other
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Figure 8.22 Cos-lilled detector regpomse v, potentizl. A detecor operating 2 the plateau marked
Bisam jonization counfer. A roporonal counter operates m Uhe slopmg region marked O whene the
espmnse B propartional ke the energy of the incoming photon. The plteay marked D represents the
eponzz ol a Geger coanter. (Maodilied Irom Helen amd Kucoumeny, used with permmssion.)

fctors be kept constant o produce accurate pulse amplitude measurements, Thene ane twao
main types of propofional counter: Aow proportional counters and scaled propsontional
COUMETS.

Aa shown in Fig, B.22, 0f the voltage is funher increased, clecirons formed in
primary and secondary ion pairs are accelerated sufficiently 1o cause the formation of
more ion pairs, This results in huge amplification in clecirons reaching the center wine
from cach X-ray photon falling on the detector. The signal bocomes independent of the
ricray ol the phatons and mesalts in annther platesn, marked T This iz ealled
the Geiger-Miller platcaw; a detecior eperated in this potential range is the basis of the
(eiger counrer or Celger-Milller tube. [t should b noted that a Geiger counter givies
the highest signal for an X-ray beam without regard to the photon encrgy. However, it
suffers from a long abead mime. The dead time is the amount of time the detector diocs
ot reapond to incoming X-rays, It occurs because the positive ions move mone slowly
than the clectrons in the ionized gas, creating a guiee efarge ! this stops the Aow of clec-
trons undil the positive ions have migrated to the tube walls. The dead time inoa Geiger
cpunter i3 on the order of 100 ps, about 100 times longer than the dead time in a pro-
portienal counter. Due o the long dead time companed with other detectors, Geiger
cpunters ane ot wied much for guantitative X-ray spectrometry. They are, howewver,
very important portable detectors for indicating the presence or ahsence of X-rays. Porta-
be radiation dewctors equipped with Geiger counters ane wsed 1o monitor the operation of
cquipment that creates or uses ionizing radiation 1o check for leaks in the shiclding,

A2dd  Exeape Peaks

lonization of the Aller gas by an X-ray photon uswally esulis in the cjection of an outer
shell electron. However, it is possible for ienization to ocour by cjection of an inmer
shell electron. When this happens, the incoming X-ray photon is ahsorbed and the Aller
s emits its charscteristic B or L lines. This will result in peaks appeaning st an energy

E squal to
E' = E (incoming X-ray) — E { filler gas characteristic X-ray) (R, 160
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Asan example, if the detector filler gas is Arx, the Ar K line has energy of about 3 ke
{or a wavelength of 387 Ay Ifan incoming X-ray has a wavelength shorer than 3,87 A,
it can eject an argon K electron. Assuming that the incoming X-ray is the Fe K, line at
63 keV, a poak will appear at 6.4 — 3) keV or about 3.4 ke, This peak at 3.4 ke is
c@lled an escape peak {and can be called cither the Fe Ko cscape peak or the argon
seape poak). An escape peak appoars at constant distance from the parent Auorcscence
¥-ray {in this case, Fe B on the low-cnergy side. Escape peaks can often be very
imense and can be weful in identifying clements. Escape peaks fom in proportionsal
and scimtillation counters and in semiconductor detectors.

AXEE Prloe Hedhy Dsrerbion and Seleerion

[ the detectorn, a photon generates a number of ion pairs, that is, a cument pulse with a
arain magnitude or pulse height. The pulse height in a propontional detector depends
an the energy of the photon. Unfonunate]ly, the height of the cument pulse that results
i ot exactly the same for photons of the same energy. Formation of ion pairs and second-
ary ion pairs is a statistically randoem process, 2008 Gaussian distribution of pulse heights
comered on the moest probable value results. A series of pulses and their heights is shown in
Fig. 8.23. On the left side, this Agure shows a serics of curnent pulses from photons of twao
di fferent energics counted over a pered of time. IF the pulses ane plotted by height (ampli-
twde ), the result is 8 Gaussian pulse beight distribution, shown on the right side of the
figure. Two Gaussian pulse height distributions are seen since we had two photons of
different energics reaching the detector. The width of the distribution is measured at
half of the maximum height; this is called the full-widith at half-maximum (FWHM).
The FWHM is a measure of the cnergy resolution of a detector. Encrgy resolution is
hest in semiconductor detectors and waorst in scintillation detectors, with gas-Alled pro-
portional counters in the middle.

oo wevelemgth dispeive instourpend, the analyring crysial sepasates the wave-
kengths falling on it, but as Brage's Law tells us, it is possible for higher onder {5 = 1)
lincs of other clememnts to reach the detector. A higher-order line from a different
dement will have a very different energy and will result in a sccond pulse height distri-
hution centercd at a different energy reaching the detector. This would result in an
crror, since the signal would be misinterpreted as coming from just one clement. This
problem is eliminated by the use of a plse height selector. A pulse height selector is
an clectronic cinowit that throws away signals that are below and above a preselected
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Figure 8.23 Amplitwle or pulse heght and time recordd ol signak rom the detector & on e leli.
Trams lormation of e data mio a pulse height dsirbution 15 shown on the right. The FWHM
mezsuremend is shawn lor the higher peak. (From Helsen and Kucmmaw, used with permassion.y
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encrgy window. It is very similar in its end result to the use of flters in UV/VIS spec-
trometers, The use of a pulse height sclector in WDXRF climinates moise as well as

higher-order lines from the sample.

A48 Proporfomel Couirers

How Proportional Counter.  The Aow proponticnal counter covers a wide wave-
kength range and is generally wsed for wavelengths longer than 24 fzlements with
£« 2T This detector is illustrated in Fig, .24a). The windows ane thin {<<6 pam)
polymer film, coated on the inside surface with aluminum (o permit a homogeneous clec-
tric ficld o be established within the detector. The thin windows allow the filler gas toleak
out; therefore a supply of fller gas is constanly provided to the detector through the inled
as shoown in Fig. 8.244a). The fller gas for a low propontional counder is often 1% CH,,
QW% Ar, o mixture called PLO gas. The pressure, Aow, and temperatune of the gas must be
precisely controlled for accurate detector response.,

The operating voltage mnge fora low proportional counter is 1-3 kY. As seen in
Fig. 822, the amplihcation factor, which is the number of jon pairs discharged at the clec-
trodes divided by the number of primary ion pairs formed, is 107 - 10%, The cument pulse is
convertod 1o a voltage pulse, is prsccssed through a pulse height selector or discriminator
and counted. Maximum count rate for a How proponional counter is on the order of
2w 10Fcps.

Saled Proportional Counter. A scaled proportional omnter is shown schemati-
cally in Fig. 824b) The windows are thicker, so they do not leak, Window materials
meclude polymers, mica, aluwnimum, ad bery . The hller gas usod 1A sealod proponioal
ooumder may be Me, B, or Xe . Window awd gas combinations are optimized for the wavelength
of radiation to be detected; Al and Me would be best for light clements, for example.

Multiple propontioial counters ane used in simultaneous X-ray spectrometers, while
one proporional counter is often used intande m with a scintillation counter inoa sequential
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Figure 8.24 Schematics of (a) a llow proportixmal counter and (h) a sealed proparzmal counter.
(From Helsen and Kucoumow, wsed with permassion.)



