
1

Workshop Expectations & Goals
• General idea of x-ray spectrometry with modern detectors

• Use of x-ray spectra related to x-ray imaging
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X-ray spectrometry
What is x-ray spectrometry

Operational principles

‘Unfolding’ from pulse-height distrubution to photon fluence spectrum

Applications at VSL
− kVp determination
− HVL determination
− Primary standard correction factors (refer to earlier presentation Bartel)
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Sources
CCRI Webinar on 'X-ray machine spectrometry for dosimetry’ (2022)
https://www.bipm.org/en/committees/cc/ccri/wg/ccri-webinar/2022-05-31
CCRI-Webinar/2022-501 Measurement of x-ray spectra, Joonas Tikkanen, 31/05/2022

Practical Gamma‐Ray Spectrometry (2008 & 2024 update available)
Gordon R. Gilmore, Copyright © 2008 John Wiley & Sons, Ltd
DOI: 10.1002/97804708619

GuideRadPROS Athens Training 22 : Spectrometry, part III (2022)
Measurement of x-ray spectra, Spectrum unfolding, tube voltage determination and calculation of conversion coefficients, 
Joonas Tikkanen, 31/05/2022 (used with permission)

The spectrometric practical voltage: determination of X-ray tube voltage up to 300 kV by in-beam X-ray spectrometry 
with a cadmium telluride detector (TraMeXI, 2025)
Jaroslav Šolc, Stefan Pojtinger, Jana Šmoldasová, Vladimír Sochor and Jan Rusňák
DOI: 10.1088/1748-0221/20/02/P02013

Spectrometric methods used in the calibration of radiodiagnostic measuring instruments (1995)
Wim de Vries (former VSL colleague who set up our x-ray spectrometry in the 1990s)
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https://www.bipm.org/en/committees/cc/ccri/wg/ccri-webinar/2022-05-31
https://www.bipm.org/documents/20126/70774134/501+-+Measurement_of_X-ray_spectra+-+Tikkanen.pdf/3ddd104d-b252-c2d8-e819-c5e0cf500e81


X-ray spectrometry
GOAL

The experimental determination of the shape of energy spectra of primary x-ray
photons generated by x-ray devices.

THAT IS
Energy distrubution: photon fluence spectrum grouped per energy bins

used FOR
VSL

Characterization of correction factors for primary standards
Improved XMM and ion chamber calibrations (kVp, HVL, Ka, etc)

TraMeXI
to provide a catalogue of clinical x-ray spectra
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Applications
kVp determination for

QA purposes (voltage divider calibration)
calibration of x-ray multimeters in terms of kVp / PPV

HVL determination
QA purposes (x-ray quality characterization)
calibration of x-ray multimeters in terms of HVL

Primary standard correction factors
(refer to earlier presentation Bartel)
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x-ray spectrometry provides you with the most complete 

/ most detailed information about the x-ray beam



Steps
Measurement

Unfolding of the pulse-height histogram to a 
useful photon fluence spectrum

Determine kVp end-point

Convert to kerma-spectrum if needed
to determine e.g. HVL
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Semi-conductor detectors
Good photon absorption (due to high Z-material)

Good energy resolution (compared to e.g. scintillation detectors)

High-purity Germanium (HPGe)
+ Better resolution than CdTe
+ Large crystal sizes possible (suitable for higher gamma radiation)
- Large in size and sometimes ‘tricky’ to operate
- Has to be cooled down to liquid N2 temperature (77 K)

Cadmium Telluride (CdTe)
+ very compact and easy to operate
+ very suitable for the low- to medium-energy x-rays
+ can be used cooled (between room temperature and -77 °C)
- Not such a good resolution as HPGe
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Photon fluence spectrum from measurement
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Semi-conductor detectors: operation
Comparable for both HPGe and CdTe detectors …
Semi-conductor material (2.96 eV valence band)

Photon interactions take place within the detector
Energy transferred by secondary electrons create:

More electrons
Holes

Energy needed to create electron-hole pair is 2.96 eV
(> 30000 electron-holes for one 100 keV photon)

The collected electrons generate a pulse
on the output of the pre-amplifier
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Semi-conductor detectors: detection and registration
The collected electrons generate a pulse on the output of the pre-amplifier
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Pulse-height spectrum (MCA output) and calibration
Measured pulse-heigth spectrum

MCA channels calibrated with a radioactive source (with know energy lines), here Ba-133
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Mono-energetic detector response
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W. de Vries (1995)
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Spectrum unfolding
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https://www.bipm.org/en/committees/cc/ccri/wg/ccri-webinar/2022-05-31



Spectrum unfolding
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https://www.bipm.org/en/committees/cc/ccri/wg/ccri-webinar/2022-05-31



Spectrum unfolding
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Spectrum unfolding
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Spectrum unfolding
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https://www.bipm.org/en/committees/cc/ccri/wg/ccri-webinar/2022-05-31



Spectrum photopeak efficiency
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W. de Vries (1995)

https://www.bipm.org/en/committees/cc/ccri/wg/ccri-webinar/2022-05-31



Application: HV-divider calibration
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ISO RQ’s



Application: HVL determination
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CCRI RQ's HVL (spc) HVL (meas) ∆HVL /mm

CCRI 25 0.233 0.246 0.013
CCRI 30 0.176 0.184 0.008

CCRI 50a 2.271 2.323 0.052

CCRI 50b 1.006 1.052 0.046

CCRI 100 4.139 4.133 -0.006

CCRI 135 0.521 0.522 0.001

CCRI 180 1.031 1.009 -0.022

CCRI 250 2.522 2.473 -0.049

∆HVL < 50 µm



@ VSL applications: spectrometry used with SpekPy
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Thank you for your attention.
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