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Figure 8.20 (a) Sample cassette for bulk solid samples. (b) Position of a bulk solid in the facedown con-
figuration used in many spectrometers. (© Thermo Fisher Scientific. www.thermofisher.com.

a . Usedwlthpemﬂssion)

screw top and a W. where the sample will be exposed to the X-ray beam.
-The maximum size for a bulk sample is shown: The sample is placed in the cassette. For a system

where the sample is analyzed fwedown. the cassette is placed with the opening down and the
bulk sits in the holder held in n shown in Figure 8.20b. If the system
requires the sample , the body of the cassette must be filled with an inert support (often a
bloekof WDOd) ww the opening. These cassettes are available with
a ' usually from 8 _mm in diameter, to accommodate samples of different
&mmatérg Other types of solid samples, such eonnngs on a solid substrate, can be placed directly
in this type of cassette. UQ,M Aa

The m @B@ds, loaae pewdeta, or small pleces reqmres a different holder. The cells

Im (or even clear
: ing. The cell is
lsadded. The film surface
plastic disk that just fits into the cell
< i nst the sam L al a surfa cea& DOS ”i and atop cap is

E €S nples, en 1sed to avoid pressure buildup from
bled cell may be used “as is” or may be
8.21b in a facedown configuration.|As you
"mpmmmnqum will spill
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Figure 8.21 Cells for liquid samples
mbrlqddsmdwm.oomw\gdawpwwwwmumpowmef

unm.maummwmmmmmaunpamm.mm-
gpwmgpmmmmmbmmdwmwh. (Courtesy of SPEX
,m.mspmp.wm.)(b)wwmmmmmﬂs
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g:l:mun be inserted directly into the sample cassetie (© Thermo Fisher Scientific.
! e Used with permission.)
up. An_2i

is used and not filled compietely. A bubble

e g

he cell is filled completely-
drop dramatically, and the possiDILEY
dramatically. So. if liquid samples
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8.2.2.4 EDXRF Detectors

The detector is the most crucial component of the EDXRF unit since it detects and sorts the
originating from the sample. The detector type and associated electronics deter-

o r——— cd by the detector_over the en
%h:ndncutkw Aeleclon, -
W“m“wtﬂmﬂymmmu ' detectors and
mmm.___mﬂ_,m“um wors. The detec-
tors used in EDXRF have very high intrinsic resolution. In these systems, the detector
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are now of prime importance in EDXRF and scanning electron microscopy. The total T &
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the infl -
: Ur:gfv;rgihz nl;el;:fv:f ag _"1%3?1}6‘_1_ voltage, the electrons move toward the positive end and the
holes € end of the detector. The total charge collected at the positive contact is

0 = ng, (8.17)

where
Q is the total charge in coulombs (C)

1 is the number of electron~hole pairs = E/e
q. is the charge on one electron = 1.69 x 10~ Clelectron '
'7/1‘-.’5 Phhe oI p(V

o

The M}Qﬂ‘i@!&@_@wl@ in a voltage pulse. Since the total charge is proportional to the energy
of the incident photon, the amplitude of the voltage pulse produced is also directly proportional to the
energy of the incident photon. The voltage pulses arefaEpl‘iﬁéd and “shaped” electronically and sent
) :a’mu? tic’ﬁ‘ amlgrglj glffche_igg ?r;%l}rfz?; ggction 8.2.2.5) to be sorted by pulse height and counted.

Silicon PIN diode detectors. These consist essentially of a couple of mm thick silicon junction type
Fﬂd_ig_@ with a bias of 1000 V across it. The heavily doped central part forms the nonconducting
i-fayer (intrinsic layer), where the doping compensates the residual acceptors that would otherwise

make the layer p-type. When an X-ray photon passes through, it causes a swarm of electron-hole
ficiently low Egnductivity, the detector

pairs to form, and this causes a voltage pulse. To obtain suf
must be maintained at low temperature with a Peltier device. Continuous improvement of the pulse
processing results in resolution as low as 125 eV. Count rate and resolution are strongly correlated;

the resolution is best at a low count rate. The yield of this detector for higher energies.is good
RecoWHon e« L

although less than the Si(Li) detector (Figure 8.24) T ol
Silicon drift detector. Commercially available silicon drift detectors (SDDs) are based on the drift
chamber principle. The detector crystal is moderately cooled by vibration-free thermoelectric cool-
ers. A monolithically integrated on-chip field effect transistor (FET) acts as a signal amplifier and
controls energy resolution. The sideward depletion of the active detector volume in connection with
the integrated drift structure provides an extremely small detector capacit.ance that enable§ the use
of fast signal processing techniques, thus enabling high count rate processing. The processing elec-

tronics enable high count rate and the lowest possible resolution (Figure 8.25).
f this type of detector is the extremely small value of the anode capaci-

The unique property © : : .
tance, allowing the FET to be either integrated on the chip or connected to it by a short metal strip.

7

Be window

Detector

FET Temp monitor

Cooler

M Mounting stud

£ mm Schematic of a silicon PIN detector. (Courtesy of Amptek, Inc. www.amptek.com-)
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Figure 8.25 Schematic of an SDD. (Courtesy of Amptek, Inc. www.amptek.com.)

Using very elaborate and proprietary processing technology in the fabrication reduces the leakag:
current level to such low levels that the detector can be operated with moderate cooling. This cool-
ing can be readily achieved by Peltier cooling and is in the vicinity of —15 to —20°C.

8.2.2.5 Multichannel Pulse Height Analyzer

A multichannel pulse height analyzer, also called a multichannel analyzer (MCA) or digital pulse
processor, collects, integrates, and displays the signal pulses from the detector. The operation of an
MCA can be modeled in a simple fashion. Assume we have a handful of coins of different denominz-
tions and a coin-sorting device to put each coin into a separate stack (Figure 8.26a). The stacks will
have different heights, depending on the number of coins of each type (Figure 8.26b, second plot from
the bottom). We can plot “counts™ or number of coins versus the height of the stack. An MCA does the
same thing with photons of different energies. Assume that we have a pulse height analyzer of a giver
total voltage range with the ability to change the voltage in small increments. As an example, the tot2!
voltage range is 10 V, and the interval of change is 0.1 V. X-rays of short wavelengths (high energies
must be separated from X-rays of long wavelengths (low energies). That is what aﬁvulse height analyzer
does; it rejects energy signals that are higher or lower than a selected energy wihdow. If the analyzer
window can be changed in small energy increments, only photons with that energy will pass through
Those photons are counted and stored in that energy window location in the analyzer memory. Each
energy window location is called a channel. Then the energy window (voltage) is changed by 0.1 V-
and only photons corresponding to the new energy window will pass through and be counted ;m;‘:'
stored in a second channel. Sweeping the voltage range in steps of 0.1 V permits us to distinguis”
between X-rays of various energies. If the X-ray photons are counted by energy, we can obtain /. th
X-ray intensity at given energy. This permits us to plot / versus wavelength (energy), which gives U*
an energy spectrum of the XRF from the sample/An EDXRF spectrum is in the form of a histogrgli?»
usually plotted as “counts” on the y-axis, where counts means the number of photons counted 11
given channel, versus energy on the x-axis. In practice, an EDXRF is equipped with a pulse heig!‘f
analyzer with many channels and complicated signal processing circuitry. A typical multichann<!
pulse height analyzer may have 2048 channels, each corresponding to a different energy interval.

Resolution in a semiconductor detector EDXRF system is a function of both the detector chars-
teristics and the electronic pulse processing. The energy resolution of semiconductor detectors is mus"
better than either proportional counters or scintillation counters (SCs). Their excellent resolution *
what makes it possible to eliminate the physical dispersion of the X-ray beam; without the energy re>”
lution of semiconductor detectors, would not be possible. Resolution is generally defi ngd a
the smallest energy difference observable between peaks. In EDXRF, the energy resolution is define!
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Figure 8.26 Schematic of the pulse processing of an MCA. (a) The ‘coins” (pholons_) are ;eparated by den_omi-
nation and binned. (b) second from the bottom: The number of coins gives a “stack height”
(counts). The typical EDXRF output is the lower-right plot of counts per second versus energy.

as the FWHM of the Mn K emission peak. Resolution is dependent on the energy of the detected pho-
ton and due to the pulse processing also depends on the total number of photons counted (total input
count rate). The area of the detector as well as the electronic parameters of the pulse processor affect

be included in a complete system comparison.

resolution as well and need to '
Ds of <10 mm? area with a resolu-

The most common detectors in benchtop EDXRF units are SD

tion of <150 eV for the Mn K line at 100,000 counts/s. :
In handheld or portable instrumentation, Si-PIN detectors of <10 mm? area are common, with a

resolution of <170 eV at 40,000 cps. For the detection of light elements (Mg to S), SDDs are more
suitable and achieve a resolution of <190 eV at 90,000 cps with detector areas of =25 mm?.

8.2.2.6 Detector Artifact Escape Peaks and Sum Peaks

Spectrum artifacts may appear in the energy-dispersive (ED) spectrum. These are peaks that
are not from elements in the sample, but are caused by interaction between the sample and the
detector material. For example, when measuring pure iron or steel, some of the Fe photon encrgy 18
transferred to the Si detector atoms; the amount of energy absorbed by a Si atom has escaped from
the Fe photon. This type of peak, which may appear in the spectrum, is called an escape peak. Thc?
Si escape peak, from the Si K, line, results in an artifact peak 1,74 keV lower than the parent peak
when any silicon-based detector is used. Similar escape peaks at different energies appear _mf GC_
if a Ge detector is used./Table 8.A.2 in the appendix gives the keV values for the K and L. lines of
all the elements and can be used to calculate where an escape peak might appear in the spectrum.
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