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The dosimetry of very small fields is challenging for several reasons including a lack of lateral electronic
equilibrium, large dose gradients, and the size of detector in respect to the field size. The objective of this work
was to evaluate the suitability of a new commercial synthetic diamond detector, namely, the PTW 60019
microDiamond, for the small field dosimetry in cyberknife photon beams of 6 different collimator size (from 5
mm to 30 mm). Measurements included dose linearity, dose rate dependence, output factors (OF), percentage
depth doses (PDD) and off center ratio (OCR). The results were compared to those of pinpoint ionization
chamber, diamond detector, microLion liquid lonization chamber and diode detector. The dose linearity results
for the microDiamond detector showed good linearly proportional to dose. The microDiamond detector showed
little dose rate dependency throughout the range of 100~600 MU/min, while microLion liquid lonization chamber
showed a significant discrepancy of approximately 5.8%. The OF measured with microDiamond detector agreed
within 3.8% with those measured with diode. PDD curves measured with silicon diode and diamond detector
agreed well for all the field sizes. In particular, slightly sharper penumbras are obtained by the microDiamond
detector, indicating a good spatial resolution. The results obtained confirm that the new PTW 60019
microDiamond detector is suitable candidate for application in small radiation fields dosimetry.
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Fig. 1. Photo of the PTW 60019 microDiamond detector.
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Table 1. Characteristics of each detectors under investigation in this study.

Sensitive volume*

Model Material Zeff'  Volume (mm®)  Thickness or length (mm) Package material
PTW 31014 PinPoint Air 7.64 15 5 PMMA + graphite
PTW 60003 Diamond Carbon 6 1~6 01~04 Polystyrene
PTW 31018 microLion Dielectric liquid 17 0.35 Polystyrene + graphite
PTW 60019 microDiamond Carbon 6 0.004 0.001 RW+epoxy resin+Al 99.5+air
PTW 60008 Diode Silicon 14 0.0025 0.0025 RW3+epoxy resin+metal

*Models are listed in descending order of sensitive volume. "Zeff of water = 7.42.

Fig. 2. Photographs depicting the
experimental setup of cyberknife
and water phantom. The sour-
ce-detector distance of 80 cm at
15 g/cm? 5 cm g/cm” depth for
measurement of (a) OF and (b)
OCR, respectively. The measure-
ment of dosimetic parameters with
(b) PDD was scanned at SSD = 80
cm, from water surface to 25 cm
depth.
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Fig. 3. The comparison of dose linearity for each detectors
response were measured from 10 to 600 MU in 10x10 cm’ field
with respect to the dose rate of 300 MU/min. Linear fit is
plotted with solid line.
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Fig. 4. The comparison of dose rate dependence for each detectors

response were measured from 100 to 600 MU/min in 10x10

em” field at delivered dose 100 MU. Detector response at dose
rate 300 MU/min was normalized to 1.
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Fig. 5. The comparison of output factors for each detectors were
measured in diameter from 0.5x05 cm’ to 6x6 cm’ with
CyberKnife system.

PROGRESS in MEDICAL PHYSICS Vol. 25, No. 4, December, 2014

2= %79t npolaZrtoloe HE7)e] HHALA
o] Aol 38%% 7 AL AolE Urhiilh wet
FEAH S 2717 MR FHARAT ghol Hof
Ae 7%& H3ich PinPoint o] 22| ke] S FAlT
grol 7H Agker, ol dHeR 2 FEA ] 4¥
3 74 -0l 24 57 o] obd 7] FELE ©]
Folx glojA Wl TSl S A vl o] AR el
e Aoz ARHh 20 mm of3he] Al e

S= AE7e EHAZATE Fhol b A&7 vlug
W 25 A FAEA ol teler HE7 R
(2.329 glem))olm, E2 AR E(Zz=14)2] AR o] FolA]
oAl FAMAAA FFA2e] eFo o) £zA
o4 Aol Fefgks)7] wlolet” Haryanto 5% b
ol AEV|E ZAF M FAFT} 20 mm o|3le] =
Al A o2 A&7 SR ZUZE AR 2
Ao g Hausla gt} Bassinet 5V vhekdt 71%715 A
3ol Aolwiitol o] zzAM tEt HHALAG
e s, A7) FHARAT] ATl £
Ao FARE =A Haepgleon, 53] 5 mm =AW
ol A PinPoint o] 2233} tholobE= A&7 9| EH A%
A S22 Aol F89 3 A4 16%, 8%
T Aol & Hrk szAHdlA L] SHAFA T Ao
SAT ABAYAI =] A X dgde] 2=
2 FAA Fo7h Aesieh WY A AEE 30 mm o]3}
z2AHAA A7) X Apololl whel 5%ellA HH 10%2]
Aol & WAZHS Husta et

4. Z0|MEFME 2 (Percentage Depth Dose, PDD)

670 zA ol W3t 2+ A=V 2 F4 % 7oA
&< Fig. 63 2t} 5 mm ZAPH A= o] & }olo}
E AE719 thole & H=7]9 ZoldgFlEgol A9
Asbe b o8 7|8 A= Fo) o] FFE
o] Zpol7t HA AAE 73%Fe b 7.5 mm =AH
o] ol A& A FZ o] o] F & Hxo]-23ko| Zlo] 4l gul
Sl v A7 FgEY A FAEE AEge B
tl. Fig. 7<= 670¢] A ik Z- 7%7]19] 10 em$} 20
cm ZolollA e ZoldgF g2 vE HUlgt AIE K
ofFrh 5 mm ZAHIA Zold gl L& w7t 7hg 2
zpol & Wl HAE7)E thele= Z%719} PinPoint o] 24
glgro g ok 45%9 xlo]7} UEIEe™ 7.5 mm oo =
Aol A= tho] o & E7] ¢} Axo] &3] ¢F 25%~3%
2 7pg 2 A7t ettt SR el s 77

e ri fo

- 259 -



Chang Yeol Lee, et al : Feasibility Study of the microDiamond Detector for Measurement of Small Field Photon Beam

a b
15 mm collimator o PTW 31014 PinPoint chamber 17.5 mm collimator @ PTW 31014 PinPoint chamber
100 A © PTW 60003 diamond 100 A ° PTW 60003 diamond
A PTW 31018 microLion A PTW 31018 microLion
. ¥ PTW 60019 microDiamond . * PTW 60019 microDiamond
£ 8017 + PTW 60008 diode 8 801 + PTW 60008 diode
2 %5 2
S 6047 %, S 607 %o,
2 o #g 2 g
= g@ggﬂ = Qéé@
8 40- S0 S 40- “ag,
4 ¥§§§§§ 4 So0s "
%
20 #ea00000, 20 1 #osa0ag
0 T T T T T T 1 O T T T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Depth (mm) Depth (mm)
c d
710 mm collimator © PTW 31014 PinPoint chamber 7115 mm collimator © PTW 31014 PinPoint chamber
100 - © PTW 60003 diamond © PTW 60003 diamond
& A PTW 31018 microLion A PTW 31018 microLion
. § * PTW 60019 microDiamond . * PTW 60019 microDiamond
8 801 + PTW 60008 diode S + PTW 60008 diode
@ § ¥ @
3 “a, 3
S 601s oo, S by,
g o é}@é@ ) g QQQQQ "
3 e e = "
% 40 6‘%@@@@ 3 QQQ@@@
4 004 4 g,
00a00s *iatag,
20 - *o0e 20 - Shig
O T T T T T T 1 0 T T T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Depth (mm) Depth (mm)
e f
720 mm collimator @ PTW 31014 PinPoint chamber 1109, limator @ PTW 31014 PinPoint chamber
100 ° PTW 60003 diamond 1004~ MmO MMT o pTW 60003 diamond
A PTW 31018 microLion 90 A PTW 31018 microLion
s 5 % PTW 60019 microDiamond . % PTW 60019 microDiamond
8 807 .+ PTW 60008 diode R 807 4 + PTW 60008 diode
© % by o 701 4% s
» g N a % %
S 60 5 o, S 60 is i,
N ®aq, 2 509 ",
T 404 eag, S 404 @ b,
4 LTI " X 5] 8 @e,%@é
oeag, Gog @%g@
20 - 20 - Giag,
10 - b
O T T T T T T 1 0 T T T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Depth (mm) Depth (mm)

Fig. 6. Depth-dose curves as measured with the each dectectors at (a) 5 mm, (b) 7.5 mm, (c) 10 mm, (d) 15 mm, (¢) 20 mm, and
(f) 30 mm collimator, respectively. All depth-dose curves are taken from water surface to 25 cm depth at SSD 100 cm.
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5. SHPZM2H| (Off Center Ratio, OCR)
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