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X-ray multimeters (XMM)
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Introduction XMM

XMM indicate after one exposure

• Tube high voltage (kVp, ppV)

• Total Filtration (TF)

• Half Value Layer (HVL)

• Air kerma

• Air kerma rate

• Exposure time

• Dose per pulse

• Waveforms

• Other parameters
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XMM
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Basic principle XMM example tube voltage
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X-ray multimeters (XMM)
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Silicon diode – energy dependence

• XMMs use silicon diodes
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Alikhani et al. Physica Medica 32 (2016) 59-66

silicon diode

ionization chamber
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Challenge: large variety of X-ray spectra
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Anode 
Materials

Filter 
Material

Range thickness [µm]
Voltage 
range (A 
1.1.2) [keV]

Range HVL [mm 
Al]

Comments

Mo Mo 30 20 - 35 0.18 – 0.34 Conv, DBT

Mo
Rh (GE)

Rh
25,
30 (Instrumentarium)

20 – 35
-

0.21 - 0.42
-

Conv, DBT

Mo, Rh Cu 250 49 - CEM (GE)

Rh Ag
30,
50

20 – 35
-

0.31 - 0.40
-

Conv (GE)

W Rh
50, 
60 (Planmed)

20 – 40
-

0.31 - 0.65
Conv, DBT

W Ag
50, 
75 (Planmed)

20 – 40
0.30 - 0.77

Conv, DBT

W Al 500-750 20 - 50 0.26 – 0.88 DBT, CEM
W Ti 1000-1300 49 - CEM (Siemens)
W Cu 300 45, 50 3.00 – 3.54 CEM (Hologic)
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Ionization chamber – energy dependence
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Quality based response correction are necessary by using (in 

principle) the following steps:

1. Calibrate the instrument at a known radiation quality (U, 

TF, HVL) against air kerma standards and store the results 

in look-up table

2. Instrument measures (U, TF, HVL) at an unknown quality

3. Correct response based on look-up table

Silicon diode – energy dependence
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Performance XMMs
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Büermann et al. IDOS 2010

• Air kerma is acceptable. 

• Tube voltage, HVL, TF cannot be recommended for use in QA .
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Performance XMMs
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Salomon et al. Med. Phys. 47(3), 2020
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Limitations of current studies
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Facility Tube Anode
Anode 

angle

Inherent 

filtration 

[mm Be]

Max. 

ppV [kV]

Rö 124 Y.TU 160-D02 W 20° 0.8 160 

Rö 127
ISOVOLT 

320M2/4,5-13
W 20° 3 320

Rö 127 PW-2185/00 Mo 26° 1 100

Rö 127 MCD 100H-3 Rh 24° 1 100 

Rö 128 MB450-1H450 W 21° 7 450 

Rö 128 MXR 165 W 30° 4 160

Rö 128 PW-2182 Rh 18° 0.15 100
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Limitations of current studies
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• IEC 61267

• Testing of medical diagnostic x-ray 

equipment

• ISO 4037

• Radiological protection [...]

• BIPM reference radiation conditions

• DIN 6809-4 (dose to water)
Available filters include: Al, 

Cu, Sn, Pb, Mo, Rh, Pd, Ag 
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Limitations of current studies
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Brateman et al. Med. Phys. 42(2), 2015
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Limitations of current studies

15

Brateman et al. Med. Phys. 42(2), 2015
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Note on the compact design
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• Detectors can be collimated and therefore won’t see scatter 

radiation
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Conlusions

• XMMs have a large energy dependence compared to ICs

• Manufacturers compensate for this effects with the help of 

unknown algorithms

• Air kerma: deviations between ICs and XMMs of more than 5 

% are possible

• Performance for other quantities seems to be influenced by 

differences between calibration setups and clinical devices
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