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Characteristics of X Ray Calibration Fields for Performance Test of

Radiation Measuring Instruments
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Kohichi TOHNAMI*, Hiroshi KIKUCHI* and Takashi MURAYAMA

Department of Health Physics
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Perfomance test and calibration of the radiation measuring instruments for low energy
photons are made using the X ray calibration fields which are monochromatically
characterized by filtration of continuous X ray spectrum. The X ray calibration field needs to
be characterized by some quality conditions such as quality index and homogeneity
coefficient.

The present report describes quality conditions, spectrum and some characteristics of X ray
irradiation fields in the Facility of Radiation Standard of the Japan Atomic Energy Research
Institute (FRS-JAERI). Fifty nine X ray qualities with the quality index of 0.6, 0.7, 0.8 and
0.9 were set for the tube voltages between 10kV and 350kV. Estimation of X ray spectrum
measured with a Ge detector was made in terms of exposure, ambient dose equivalent and
fluence for all the obtained qualities. Practical irradiation field was determined as the dose
distribution uniformity is within +3%. The obtained results improve the quality of X ray

calibration fields and calibration accuracy.

Keywords : X Ray Calibration Fields, X ray Quality Condition, X ray Spectrum,

Uniformity of Dose Distribution.
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INFE—ZARY MICRABGRAORBREZRL TRD ., 2B, I TEICRP2I ITREN
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IS BUBRHEMOTRNF—ZARY FIVHE) X, (O RTRDEXATFIN T AKEN
DIFNE—ZRZ M1 BRYE (AIKRELYE) ~ORERKERCTRD, BRER
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HMT £2% THol. £, EEENEL< R E, EHTRNF—ICH L TEHIRILF N
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EBT - EERE2—FICLEEZOEREOBHKEEEV 1 coif B Y BRI, REBEEN1
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IS THDL, 40cnz X SHEBIC/AD LM% TEHER >, TOFHEHMTHETS
KIRDWREBEOZHEENSDOBELRA EEZASN. ZORFERVZFRERIAT—T I
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FIEOHEARFLHETHE, BANBRELERERFEOENTNN DR, BEREOEEL
WERTE,

(2) XBHEEDITRINF—ZART MLOFMTIE., LETRELEZLSTOHEEEICIDODVWT 7
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Table 1

Performance of the X ray generator

Technical Data

Contents

Inherent filteration
Tube voltage

Tube current

Ripple

Voltage stability
Current stability

Dose stability

Transit time of shutter
Leakage dose rate

Beam center axis error

Beam expanse angle error

Tmm Be (+0. 3mm Al)
10kV ~ 350kV
Large focus
Small focus
less than +0.2%
+0.013%
+0.01 %
+0.1%

1.9 seconds

less than 0.4uSv/h

less than *=2mm at 1m
less than ®£3mm at 1Im

0 ~ 30mA
0 ~ 8mA

Table 2

Specification of standard measuring instruments for X rays

Type of X Ray Electrometer

Model Detector Mode! (Volume) and Manufacturer
(Energy Range) (Manufacturer) (Country)

2590A (NE) 2575(600ml) NE, LIM(UK) *'
Soft X Rays

617 (KEITHLEY) 96035(15m!) KEITHLEY, I NC(USA)
(10keV~50keV)

500 (VICTOREEN) 30-330(0. 2ml) VICTOREEN, INC(USA)

617 (KEITHLEY) A6 (800m1), AS(100m1) EXRADIN, INC (USA)

500 (VICTOREEN) 550-3(330m1), 550-4(33ml) VICTOREEN, INC(USA)
Hard X Rays

192 (CAPINTEC) PR-18(1. 81), PM-500(530ml) CAPINTEC, INC(USA)
(50keV~300keV) PM-30(28mi)

2590A (NE)

1000(TOYO MEDIC)

2575(600mI), 2530/ 1(35ml)

A6 (800m!)

NE, LIM(UK)

EXRADIN, INC(USA)

% 1 NE LIM ; NUCLEAR ENTERPRISES, LIM
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Table 3 Calculating expression to effective energy for the

various filter materials

Filer Effective energy calculating Error Effective energy
material expression™ ¢9) range (keV)
Aluminum E =22.03t°%°*" + 0.1469t% °' +0.4 6 ~ 60
Copper E = 76.48t° °°° + 2.543t* °° +0.6 15 ~ 200
Tin E = 122.5t% %°° + 1.660t% °° +0.5 40 ~ 400
Lead E = 240. 7t° *°° + 5.150t' °° +0.6 100 ~ 1000
¥ E : Effective energy (keV) , t : Half value layer (mm)




JAERI-Tech 99-004

Table 4 Relation between the effective energy and the half
value layer of X ray for various filter materials

Effective A Cu Sn Pb
energy
¥1 %2
(keV) Total HVL Total |HVL | Total fHVL | Total | HVL
6.0 5. 20+3 0. 0222
8.0 2. 2643 0. 0510
10. 0 1.1743 0. 0985
15.0 3. 55+2 0. 325 7.2943 [ 0. 0103
20.0 1. 5342 0.753 3.57+3 | 0. 0229
30.0 5.03+1 2. 29 1.1443 | 0. 0718
40. 0 2. 5441 4. 54 5.04+2 [ 0. 162 | 3. 8843 | 0. 0482
50.0 1. 65+1 6. 99 2.7042 1 0.303 |2 13+3|0.0879
60. 0 1. 2541 9.22 1.65+2 | 0.496 | 1.30+3 | 0.144
80.0 7.92+41 [ 1.03 5.92+2 1 0. 316
100 4 7841 | 1. 71 3.2542 | 0.576 [ 1.93+3]0.110
150 2.33+113. 51 1.1742 | 1. 60 6. 85+2 { 0. 307
200 1.6441 | 4. 99 6.23+1 [ 3.00 3.38+2 | 0. 623
300 3. 1441 | 5. 96 1.3542 | 1. 56
400 2.2241 | 8. 43 7.7141 | 2. 73
500 5.30+1 | 3. 97
600 4.07+1 [ 5.17
800 2.88+1 | 7. 31
1000 2.30+1 | 9.15
¥3
Conversion
2. 232E-2 2. 232E-2 2. 232E-2 2. 232E-2
factor
Density
, 2. 6940 8. 9400 7. 3000 1. 133EH1
(g/cm?)

%1 Total attenuation cross section (barns)
%2 Half value layer (mm)

£3 Conversion factor (cm?/g/barns)
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Mean and Effective Energies for X ray Spectra(1) (Ql

Table 9
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Mean and Effective Energies for X ray Spectra(2) (Ql
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Mean and Effective Energies for X ray Spectra(3) (QI

Table 11
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Table 1 3 Resolution of X ray spectra(1)(Q!:0.6,0.7)

Tube Resolution (%)

Voltage Qi=0.6 QI=0.7

(kV) f*! X*2 H*(10)*® H (0.07)** f X H*(10) H' (0.07)
20 39 48 33 48
30 61 62 58 69 45 51 45 51
40 61 61 59 64 47 52 49 52
50 60 60 60 62 44 49 46 47
60 60 63 63 64 49 54 51

70 60 66 64 48 54 51

75 64 68 67

80 62 70 67 49 55 52

100 62 72 66 52 58 57

120 61 69 66 58 61 60

150 66 74 12 60 64 63

200 69 78 76 61 64 64

250 67 12 73 65 63 65

300 67 17 76 59 52 53

350 78 74 75 66 61 61

Mean Value(%) 6415 6916 6716 6513 5318 5616 5419 5012

x1 f :Fluence rate spectra

¥2 X :Exposure rate spectra

3 H'(10) :Ambient Dose Equivalent Rate H*(10)
¥4 H (0.07) :Directional Dose Equivalent Rate H (0. 07)

Table 1 4 Resolution of X ray spectra(2)(Ql:0.8,0.9)

Tube Resolfution (%)

Voltage Q1=0.8 Q1=0.9

(kV) f X H'(10) H (0.07) f X H*(10) H’ (0.07)
10 20 22 21
15 28 32 19 32 18 20 14 19
20 29 33 26 33 18 20 17 19
30 30 35 K] | 34 15 17 16 16
40 31 36 33 35 16 17 17 17
50 30 34 32 33 14 14 14 14
60 K| 34 33 16 16 16
70 30 KR 3N 17 19 19
80 32 33 32 17 17 17

100 38 38 38 17 17 17

120 43 39 40 17 16 16

150 35 32 33 20 18 18

200 46 42 43 18 17 17

250 36 33 34 19 18 17

300 40 37 37 23 22 22

350 43 40 40 23 22 22

Mean Value(%) 35%5 3543 3316 33t 1813 1842 1712 1813
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Table 1 9 Conversion coefficients for ambient dose equivalent
from exposure obtained with either the effective
energy value or the spectrum distribution(1) (Ql:0.6)

Tube Effective Conversion coefficient (mSv/R)
Voltage Energy (a) (b) fet/ T
(kV) (keV) fet f.
30 17. 6 3.95 4. 42 0. 894
40 24. 2 7.23 7. 50 0. 964
50 30.0 9. 52 9.79 0. 972
60 37. 0 11.73 11. 07 1. 060
70 42. 8 13. 09 12. 44 1. 052
75 45. 0 13. 51 12. 93 1. 045
80 49. 4 14. 20 13. 53 1. 050
100 60. 4 15. 28 14. 66 1. 042
120 71.6 15. 36 14. 86 1.034
150 88.3 14. 83 14. 62 1.014
200 119 13.70 13. 89 0. 986
250 154 12. 82 13. 11 0. 978
300 180 12. 39 12. 75 0. 972
350 210 12.03 12. 02 1. 001

(a) fu:values calculated with effective energy value
(b) f.:values calculated from spectral distribution(equation (11) in 3. 4)

Table 2 O Conversion coefficients for ambient dose equivalent
from exposure obtained with either the effective
energy value or the spectrum distribution(2) (Q1:0.7)

Tube Effective Conversion coefficient(mSv/R)
Voltage Energy (a) (b) feie /T
(kV) (keV) for f i
20 13. 8 1.62 2. 29 0. 707
30 21.0 5.75 5.95 0. 966
40 28. 1 8. 82 8. 87 0. 994
50 36.0 11. 45 11. 52 0. 994
60 41.1 12.73 12.78 0. 996
70 49, 2 14.17 13.76 1. 030
80 56. 6 14. 97 14. 66 1. 021
100 69. 8 15. 39 15. 06 1. 022
120 83.1 15.03 14. 86 1.011
150 104 14. 22 14. 30 0. 994
200 139 13. 15 13. 43 0. 979
250 177 12. 43 12. 75 0. 975
300 210 12. 03 12. 06 0. 998
350 241 11.76 11. 84 0. 993
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Table 2 1 Conversion coefficients for ambient dose equivalent
from exposure obtained with either the effective
energy value or the spectrum distribution(3)(Q1:0.8)

Tube Effective Conversion coefficient(mSv/R)
Voltage Energy (a) (b) fee/ fo
(kV) (keV) fes fs
15 11. 8 0. 57 0. 87 0. 655
20 15. 9 2.93 3.16 0. 927
30 24.1 7.18 7.16 1. 003
40 32.0 10. 21 10. 22 0. 999
50 39. 9 12. 46 12. 51 0. 996
60 48. 7 14. 10 13.79 1. 022
70 55.9 14. 91 14. 60 1. 021
80 65. 5 15. 40 15. 20 1.013
100 79. 8 15. 15 15. 05 1. 007
120 96. 9 14. 49 14. 55 0. 996
150 120 13. 67 13. 87 0. 986
200 158 12. 75 12. 90 0. 988
250 197 12.17 12. 14 1. 002
300 241 11.76 11. 80 0. 997
350 281 11. 49 11. 57 0.993

Table 2 2 Conversion coefficients for ambient dose equivalent
from exposure obtained with either the effective
energy value or the spectrum distribution(4) (Ql:0.9)

Tube Effective Conversion coefficient (mSv/R)
Voltage Energy (a) (b) fer/
(kV) (keV) fos fo
15 13.3 1.62 1. 30 1. 246
20 17. 6 3. 95 3. 91 1.010
30 26. 4 8.15 8. 27 0. 985
40 35. 9 11. 42 11. 39 1.003
50 44. 6 13. 44 13. 52 0. 994
60 54. 6 14. 80 14. 66 1.010
70 63. 6 15. 38 15. 28 1. 007
80 71.2 15. 37 15. 33 1. 003
100 90. 3 14. 75 14. 75 1. 000
120 110 14. 00 14. 08 0. 994
150 136 13. 22 13. 32 0. 992
200 179 12. 40 12. 41 0. 999
250 224 11. 90 11. 92 0. 998
300 272 11. 54 11.63 0.992
350 318 11. 30 11. 37 0. 994
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Table 2 3 Conversion coefficients for directional dose equivalent
(H (0.07)) from exposure obtained with either the effec-
tive energy value or the spectrum distribution

Quality Tube Effective Conversion coefficient (mSv/R)
index Voltage Energy (a) (b) fer/ o

(kV) (keV) fee f.
30 17.6 8.69 8. 89 0. 978

0.6 40 24. 2 9. 48 9.73 0. 974
50 30.0 10. 41 10. 69 0.974
20 13. 8 8. 42 8. 49 0. 992

0.7 30 21.0 8. 05 9. 20 0. 984
40 28.1 10. 10 10. 21 0. 989
50 36.0 11. 42 11. 53 0. 990
15 1.8 8. 30 8. 31 0. 999
20 15. 9 8. 56 8. 60 0. 995

0.8 30 24. 1 9. 47 8. 51 0. 996
40 32.0 10. 75 10. 80 0. 995
50 39.9 12. 02 12. 09 0. 994
10 9.0 7.96 7. 89 1. 009
15 13.3 8. 39 8. 38 1. 001

0.9 20 17. 6 8. 69 8.70 0. 999
30 26. 4 9. 82 9. 89 0. 993
40 35.9 11. 40 11. 39 1. 001
50 44, 6 12. 66 12. 74 0. 994

(a) fe:values calculated with effective energy value
(b) f.:values calculated from spectral distribution(equation (11) in 3. 4)



JAERI-Tech 99-004

lolelousb Aes y jo weubeiqg

L "B14

191009
110
xog Buip|atys T
|
Y e ——
0 o-
I o
ase) 19}14 \
/= O ¢) O
i/
Jojew! || o) O
!
133304S
—
Q423U C4U0
20| >u | | 043U07 yue| HUE | 13uiqeq JouIqen
5 1233nyg !
i apouy apoyIe) J043u0) mo__co:oo_w 1043u0) JoyEI2dD
!
S201A2(Q |0431UQ)
¥00 | 433U} a o
799
_Looo I
|aued 20|43l S

sioleisusn adey|op ydiy




JAERI-Tech 99-004

X-ray tube

= S e AR
no
Cathode . ' Anode

ry \J
AR
~ 4€O°_,>\

[ Y it | I ‘ H [

0 27cm

Fig.2 Conceptional view of X ray tube.

b 1180 , -
8w .
T er0 T 1850 o
ShutterPh) ¢ . A ’ ‘
SRR LI S ( . ‘@,
Collimator == i ' ]
¥
Filter cose )
N \r 1 k\\ o
N B I
X-ray tube
| | support tobie
L Shielding |
,_ box(Pb) |
T —Tg
o~ A
e _:I::'.l,: '
- sase
‘ ; A_fi% 3
N I
F»__.r“;‘;__ _73 st B
R
G | vl il e
" o 950 e
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for each quality index(Ql). (Tube voltage:10 kV ~ 350 kV)
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Fig. 1 0 Estimated spectral distributions of exposure rate
for each quality index(Ql). (Tube voltage:10kV~350kV)
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A .1 Characteristics of low air-kerma rate series

Table A.1
Nean | Reso- Tube Additional filtration® (mm) | st HVL Eerr Qual ity
energy | lution | potential B index
(keV) | (%) | (kV) Pb Sn Cu ALY (mm) (keV) n
8.5 10 0.3 0.058 Al 8.3 0.83
17 21 20 2.0 0.42 Al 16.4 0.82
26 21 30 0.18 4.0 1.46 Al 25.4 0.85
30 21 35 0.25 2.20 Al 28.5 0.84
48 22 55 1.2 0.25.Cu 46.8 0.85
60 22 70 2.5 0.49 Cu 59.9 0.86
87 22 100 2.0 0.5 1.24 Cu 86.5 0.87
109 21 125 4.0 1.0 2.04 Cu 109 0.87
149 18 170 1.5 3.0 1.0 3.47 Cu 150 0.88
185 18 210 3.5 2.0 0.5 4.54 Cu 183 0.87
21 18 240 5.5 2.0 0.5 5.26 Cu 210 0.88

1) The tube potential is measured under load.

2) Except for the thre lowest energies, the recommended inherent filtration is 1 mm of
beryllium,the total filtration consists of the additional filtration pius the inherent
filtration,adjusted to 4 mm of aluminium.

3) The recommended inherent filtration is 1 mm Be,but other values may be used provided
that the mean energy is within *5% and theresolution is within ®=15% of the values
given in the table. :

4) The HVLs are measured at ! m from the focal spot,The second HVL is not included for
this series,since it is not significantiy different from the first HVL.
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A .2 Characteristics of narrow-spectrum series

Table A.2

Mean | Reso- Tube Additional filtration” (mm) | 1st HVL Eore | Quality

energy | lution | potential “ index
(keV) | (%) | " (kV) Pb Sn Cu AL® (mm) (keV) (n

8 28 10 0.1 0.047 Al 7.8 0.78
12 33 15 0.5 0.14 Al 11.3 0.75
16 34 20 1.0 0.32 Al 15.0 0.75
20 33 25 2.0 0.66 Al 19.2 0.77
24 32 30 4.0 1.15 Al 23.3 0.78
33 30 40 0.21 0.084 Cu 31.7 0.79
48 36 60 0.6 0.24 Cu 46.2 0.77
65 32 80 2.0 0.58 Cu 63.9 0.80
83 28 100 5.0 1.11 Cu 82.5 0.83
100 27 120 1.0 5.0 1.71 Cu 100 0.83
118 37 150 2.5 2.36 Cu 118 0.79
164 30 200 1.0 3.0 2.0 3.99 Cu 166 0.83

208 28 250 3.0 2.0 5.19 Cu 206 0.82
250 27 300 5.0 3.0 6.12 Cu 248 0.83
1) The tube potential is measured under load.

2) Except for the thre' lowest energies,the recommended inherent filtration is 1 mm of
beryllium, the total filtration consists of the additional filtration pius the inherent
filtration,adjusted to 4 mm of aluminium.

3) The recommended inherent filtration is 1 mm Be,but other values may be used provided
that the mean energy is within £5% and theresolution is within :15% of the values
given in the table.

4) The HVLs are measured at 1 m from the focal spot,The second HVL is not included for
this series,since it is not significantly different from the first HVYL.

A .3 Characteristics of wide-spectrum series

Table A.3
Mean | Reso- Tube Additional filtration” (mm) | 1st HVL Eers Quality
energy | lution | potential Cu® i ndex
(keV) | (%) | (kV) Pb Sn Cu Al (mm) (keV) Q)
45 48 60 0.3 0.18 41.6 0.69
57 55 80 0.5 0.35 52.9 0.66
79 51 110 2.0 0.96 77.7 0N
104 56 150 1.0 1.86 104 0.69
137 57 200 2.0 3.08 138 0.69
173 56 250 4.0 4.22 173 0.6S
208 57 300 6.5 5.20 206 0.69
1) The tube potential is measured under load.
2) The tota! filtration consists,in each case, of the additional filtration plus the
inherent filtration,adjusted to 4 mm of aluminium.
3) The HVLs are measured at 1 m from the focal spot.
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A .4 Characteristics of high air-kerma rate series

Table A.4
Nean Tube Additional filtration'’ (mm) RVL ? (mm) oo Quality
energy | potential index
(keV) (kV) Al Cu Air First Second (keV) Qn
7.5 10 750 0.036 Al | 0.041 Al 7.1 o.M
12.9 20 0.15 750 0.12 Al | 0.16 Al 10.7 0.53
19.7 30 0.52 750 0.38 Al | 0.60 Al 15.9 0.53
37.3 60 3.2 750 2.42 Al | 3.25 A} 30.6 0.51
57.4 100 3.9 0.15 750 6.56 Al | B.05 Al 48.3 0.48
102 200 1.15 2250 1.70 Cu | 2.40 Cu 99.7 0.50
122 250 1.6 2250 2.47 Cu |3.29 Cu 121 0.48
146 280 3.0 2250 3.37 Cu | 3.99 Cu 147 0.53
147 300 2.5 2250 3.40 Cu |4.15 Cu 148 0.49
1) For tube potentials above 100 kV,the total filtration consists,in each case, of the
additional filtration plus the inherent filtration,adjusted to 4 mm of aluminium. For
tube potentials at 100 kV and below, the example given above refer to an inherent filt-
ration of approximately 4 mm Be.
2) The HVLs are measured at 1 m from the focal spot.
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B.1 Specifications of filtered X radiation

Table B.1
Resolution Homogeneity Quality
Name of series

(%) coefficient index
Low air-kerma rate 18 to 22 1.0 0.82 to 0.88
Narrow spectrum 27 to 37 0.75 to 1.0 0.75 10 0.83
Yide spectrum 48 to 57 0.67 to 0.98 0.66 to 0.7
High air-kerma rate Not specified 0.64 to 0.86 0.48 to 0. N
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