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The X ray has been widely used in both diagnosis and treatment. Recently, a miniature X ray tube has been
developed for radiotherapy. The miniature X ray tube is directly inserted into the body irradiated, so that X rays
can be guided to a target at various incident angles according to collimator geometry and, thus, minimize patient
dose. If such features of the miniature X ray tube can be applied to development of X ray imaging as well as
radiation treatment, it is expected to open a new chapter in the field of diagnostic X ray. However, the miniature
X ray tube requires an added filter and a collimator for diagnostic purpose because it was designed for
radiotherapy. Therefore, a collimator and an added filter were manufactured for the miniature X ray tube, and
mounted on. In this study, we evaluated beam characteristics of the miniature X ray tube for diagnostic X ray
system and accuracy of measuring the HVL. We used the Si PIN Photodiode type Piranha detector (Piranha,
RTI, Sweden) and estimated the HVL of the miniature X ray tube with added filter and without added filter. Through
an another measurement using Al filter, we evaluated the accuracy of the HVL obtained from a direct
measurement using the automatic HVL calculation function provided by the Piranha detector. As a result, the
HVL of the miniature X ray tube was increased around 1.9 times with the added filter mounted on. So we
demonstrated that the HVL was suitable for diagnostic X ray system. In the case that the added filter was not
mounted on, the HVL obtained from use of the automatic HVL calculation function provided by Piranha detector
was 50% higher than the HVL estimated using Al filter. Therefore, the HVL automatic measurement from the
Piranha detector cannot be used for the HVL calculation. However, when the added filter was mounted on, the
HVL automatic measurement value using the Piranha detector was approximately 15% lower than the estimated
value using Al filter. It implies that the HVL automatic measurement can be used to estimate the HVL of the
miniature X ray tube with the added filter mounted on without a more complicated measurement method using
Al filter. It is expected that the automatic HVL measurement provided by the Piranha detector enables to make
kV-X ray characterization easier.
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Table 3. PTW-23342 chamber specification.

Volume 0.02 cm’
E%Eﬁur kerma rate), RE7}5, XA o] ZH(X-ray filtration) 5-& Response 3. 10*114(3 /Gy
ZA% = 9o ZAE ASEHS yHlog AzS A Leakage 110 % A
Polarizing voltage max. 300 V
Cable leakage 1-10 % ¢/ {Gy-cm}
Wall material PE{CH2jn
Table 1. Thickness and materials of collimator and added Membrane thickness 0.03 mm
filter which were used for the miniature X-ray tube beam Area density 25 mg/cm’
control. Electrode Graphite; 3 mm @
. . Range of temperature 10~40°C
Thickness and material Range of rel. I:k)lumidi’fy 20~70%
Collimator 2 mm Cu Ion collection time 150 V: 0.05 ms
Added filter 2 mm Al 300 V: 0.03 ms
Table 2. Piranha detector specification.
Measurement range Error
kVp Rad/Flu 35~125 kVp +1.5% W/3 mm Al
Dental 35~105 kVp
CT 45~155 kVp
Exposure time 0.1 ms~2,000 s +1% or 0.5 ms
Dose 15 nGy~1,000 Gy +5%
2 #R~100 kR +5%
Dose rate 15 nGy/s~450 mGy/s 5% or 0.7 nGy/s Exposure time: over 20 ms
1.7 #R/s~50 R/s 5% or 0.8 1R/s
0.1 mR/min~3000 R/min 5% or +0.05 mR/min
Total filter 1.5~38 mm Al +10% or 0.3 mm 60~120 kV HF/DC
HVL 12~14 mm Al +10% or 0.2 mm 60~120 kV HF/DC anode angle 13°
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Table 4. NE-2571 chamber specification.

Sensitive Volume 0.69 cm’
Sensitivity 46 R-nC ' (46 Gy 1C

275 R-min ' *nA™" (275 Gy *min_ ' * nA™")
Energy range for X and 7 radiation 50 kV—300 kV (Without build-up cap)

0.3 MV—35 MV (With build-up cap)
2 MV—35 MV (In suitable phantom, measures absorbed dose to water)

Energy range for electrons (In suitable phantom) 5 MeV—35 MeV
Leakage current Typical: 55107 A

Maximum: 1.5x10"* A
Maximum Polarizing potential 400 V

Maximum exposure rate (or 99% collection efficiency) 10 kR + min ' (continuos), 40 mR/Pulse (Pulsed)
100 Gy * min " (continuos), 0.4 mR/Pulse (Pulsed)

Table 5. Setting parameters for two ion chambers are summarized: NE-2571 chamber and PTW-23342 chamber (Liu et al.).

Setting
Tube voltage Beam current Source-chamber Polarizing .
peak (kVp) (1 A) distance (cm) V) Charged collecting (5)
NE-2571 50 100 25 300 Over 100
PTW-23342 50 100 17.5 300 Over 100
Piranha detector Diaphragm material

Al filter

Diaphragmimaterial v R/
> | g

’ _y Detector (piramkiz)

~

Al filter

Xoff'tube

-

Tube-detector distance
15cm

XoftTube

Fig. 1. Half value layer measurement.
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Fig. 2. A miniature X-ray tube sheathed in a Cu collimator (Xoft Axxent HDR X-ray source): (a) with an added filter mounted and

(b) with an added filter detached.

Fig. 3. Al filters of different thickness (0.1 mm, 0.5 mm, 1.0
mm) are depicted which were used for the HVL measurement.
They were placed between the miniature X-ray tube and
diaphragm materials, and were increased until the beam
intensity detected reached the HVL of the miniature X-ray tube.
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Table 6. The HVL of the miniature X-ray tube were measured in two different conditions: With added filter and without added
filter. The two different methods were employed to estimate the HVL: (a) the HVL were obtained directly from Piranha
detector using the automatic HVL-calculation function provided by the Piranha detector and (b) the HVL was estimated with
the Piranha detector changing Al filter thickness.

Setting Data
Beam () (b)
TZSE olit\a;ge current Eti};zsu;e Piranha detector Al filter
peak (kVp) (#A) ©) (mm Al) (mm Al)
Only using collimator 50 300 10 1.05 0.7
Using collimator and added filter 50 300 10 1.10 1.30

Table 7. The HVLs whose measurements were done without
added filters are compared for two different detectors.

Detector
PTW-23342 and NE-2571 chamber
Piranha detector

HVL (mm Al) at 50 kVp
0.52+0.09 mm Al
0.7 mm Al”

YAverage value between PTW-23342 and NE-2571 using six
miniature tubes. “The added filter was not mounted on, and
the HVL was calculated with the Piranha detector by changing
Al filters.
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