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Introduction XMM

PIB

\ KV = 82.4 kV
TF = 3.5 mm Al

- HVL = 3.25 mm Al
Dose = 25 uGy

Dose rate = 10 mGy/s
Time: 2.5 ms

Dose per pulse

waveform
kV

Time

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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Basic principle XMM example tube voltage PTB
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X-ray multimeters (XMM)

PIB
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Silicon diode — energy dependence @PTB

« XMMs use silicon diodes

Ratio of Si to air of the mass energy-absorption coefficient
(NIST Standard Reference Database 126)
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Challenge: large variety of X-ray spectra

PIB

Anode Filter
Materials Material

Range thickness [um]

Voltage

Range HVL [mm

Comments

30

25,

30 (Instrumentarium)
250

30,

50

50,

60 (Planmed)
50,

75 (Planmed)
500-750
1000-1300
300

20-50
49
45, 50

0.18-0.34
0.21-0.42

0.31-0.40

0.31-0.65

0.30-0.77
0.26 —0.88

3.00—-3.54

Conv, DBT
Conv, DBT

CEM (GE)
Conv (GE)

Conv, DBT
Conv, DBT
DBT, CEM

CEM (Siemens)
CEM (Hologic)
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lonization chamber — enerqy dependence PTB
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Silicon diode — energy dependence @PTB

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
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Performance XMMs
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Air kerma is acceptable.

Tube voltage, HVL, TF cannot be recommended for use in QA.

Buermann et al. IDOS 2010
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Performance XMMs PTB

1.25 A Piranha 657 TasLE VI. Maximum deviation in percent of tube voltage measurements.
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Salomon et al. Med. Phys. 47(3), 2020
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Limitations of current studies

Il N Inherent
Facility |Tube Anode Anode filtration M.
[mm Be] PPV [kV]
R6 124 Y.TU 160-D02 W 20° 0.8 160
RO 127 ooMoe s W 2073 320
R6 127 PW-2185/00 Mo 26° 1 100
R6 127 MCD 100H-3 Rh 24° 1 100
R6 128 MB450-1H450 W 21° 7 450
RO 128 MXR 165 W 30° 4 160
RO 128 PW-2182 Rh 18° 0.15 100
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Limitations of current studies

« |EC 61267
« Testing of medical diagnostic x-ray
equipment
« SO 4037

« Radiological protection [...]

» BIPM reference radiation conditions

Available filters include: Al,
 DIN 6809-4 (dose to water) Cu, Sn, Pb, Mo, Rh, Pd, Ag
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Limitations of current studies PTB

TaeLE VII. AK ratios between the SStDs and reference ICs modified by
scatter effects for the SStDs for 28-30 kVp.

Radcal RTI Unfors PTW
Target/filter® AGMS-M Piranha® RaySafe Xi NOMEX
Mo/Mo (0.030) 0.982 1.000 0.992 0.969
Mo/Rh (0.025) 0.978 0.970 0.975 0.960
Rh/Rh (0.025) 0.992 0.982 0.998 0.970
W/Rh (0.050) 1.013 0.982 0.971 0.942
W/Ag (0.050) 1.013 1.071 0.989 0.948
W/AI (0.70) 1.007 ¢ 0.978 0.951
Range 0.988-1.011 0.982-1.071 0.971-0.999 0.941-0.972
CoV 0.016 0.041 0.011 0.012

*Nominal filtration thicknesses in mm.

PA correction factor of 1.06 recommended by the manufacturer was already
included for all TFs, and these values are unchanged from Table V.

“We did not include any measurements with W/Al for this instrument.

Brateman et al. Med. Phys. 42(2), 2015
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Limitations of current studies

Tasie III. Measured peak tube potentials for SStDs over the range of kVp’s: minimum, maximum, and average
absolute values of differences from the set kVp by instrument and TE.

Radcal

Accu-Gold Unfors Radcal 9095

AGMS-M RT1 Piranha RaySafe Xi? PTW NOMEX 40X9-MO
Target/filter Min Max Min Max Min Max Min Max Min Max
Mo/Mo -0.3 -0.2 -0.3 —0.1 0.0 04 0.0 04 —0.5 0.0
|Average| 0.3 0.2 0.2 0.1 03
Mo/Rh 0.5 0.7 —0.1 04 1.1 1.2 -0.8 0.2 —1.1 -0.2
|Average| 0.6 0.1 1.1 0.2 0.5
Rh/Rh -09 -03 -0.9 0.0 b b -1.0 -03 —-0.9 -02
|Average| 0.6 0.6 b 0.5 0.5
W/Rh 0.1 04 —0.7 0.6 —0.1 0.1 -0.5 0.3 0.0 0.5
|Average| 0.1 0.3 0.1 03 03
W/Ag 0.1 0.6 -1.1 0.1 b b 0.1 0.3 ¢ ¢
|Average| 0.2 0.8 b 0.2 €
W/AL 0.2 0.5 d d —0.1 0.2 -09 0.5 —0.1 0.5
| Average| 04 d 0.1 04 0.4

*Requires a 2 mm Al attenuating filter added on the compression paddle for TF Mo/Rh.
"Not an available option.
“As described in Sec. 2.D.1, this older vintage kV meler requires corrections [or all kVp measurements excepl for Mo/Mo.
We did not include W/Ag data in our kVp analyses.
4As described above, we did not include any measurements with W/Al for this instrument in our analyses.

Brateman et al. Med. Phys. 42(2), 2015

15

stefan.pojtinger@ptb.de



Note on the compact design PTB

W/Ag (0.050) 1.013 1.071 0.989 0.948 * o
W/AL (0.70) 1.007 ¢ 0.978 0.951 :@:
Range 0.988-1.011 0.982-1.071 0.971-0.999 0.941-0.972 1. COPPER FILTER
CoV 0.016 0.041 0.011 0.012 2. LEAD COLLIMATOR
x2 _ -3 X1 3 1 :
. INTENSIFYING SCREEN
PA correction factor of 1.06 recommended by the manufacturer was already i” i 32 4. DETECTOR
included for all TFs, and these values are unchanged from Table V. 3
We did not include any measurements with W/Al for this istrument. 4@

 Detectors can be collimated and therefore won’t see scatter
radiation
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Conlusions @PTB

« 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

Stefan.Pojtinger@ptb.de

stefan.pojtinger@ptb.de



	Folie 1: Dosimetry equipment principles and operation
	Folie 2: X-ray multimeters (XMM)
	Folie 3: Introduction XMM
	Folie 4: Basic principle XMM example tube voltage
	Folie 5: X-ray multimeters (XMM)
	Folie 6: Silicon diode – energy dependence
	Folie 7: Challenge: large variety of X-ray spectra
	Folie 8: Ionization chamber – energy dependence
	Folie 9: Silicon diode – energy dependence
	Folie 10: Performance XMMs
	Folie 11: Performance XMMs
	Folie 12: Limitations of current studies
	Folie 13: Limitations of current studies
	Folie 14: Limitations of current studies
	Folie 15: Limitations of current studies
	Folie 16: Note on the compact design
	Folie 17: Conlusions

