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o] $ato] szAwel Aol gol A& ek,
B Aol TolvA XAl Widk £ A Ao
A AL 243 o oA N E 7B BEA o
2 AgskE TLD, 9y Az, voles 1271, el
M= 7%7), Markus 3 A2TE Agekol 6 MVt
15 MV X-Aloll ol el Azkat 2h A2 A 24
of Ak 247] Aole] §44E B oAF A% F, 94t
g ol¢ AMeld T 4HY TLD 24 Az} w24
ol Tl Al 2ol 7hd 43 24715 Acksin
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1=
=

TLDE F543E A8 Sate] 1y & A i(solid
water phantom) (Victoreen, 74-600~603, USA)-g
a1, M%7} 1.03 glem’, AR} WE7} 334x10° kg 'o2 HOL
A Bl diate] B3 vlEs e Wl YAEE A4
o] oAl whg} chd Aol7t QAN 1% o WNE fAL3
! 24 B WNES 30330 om” FA] cheFdt FAa
mm~10 mm)E Fulste] Zol WekE | mm @2 27}
AZ & QEF HPT =8 TLD Z4E dekod Z4%
sk 140l TLD chip® HeshA AR & =S
Fo|| TLD-100 chipe] AT EU3F 3.15x3.15%0.89
mm’ 279 $& k4 TLDS) Eede] HES) T U
st % TLD chip holderE AJZrs}od (Fig. 1) TLD chipe] =H
B ol 93l AR Atk T olfi AYEY 9
Aol gk FEAlE REE 24 o TLD-100 chipe|
o A g A VES 4S9 TS

A¥o] Az JARA A4 Fgol o
$g 2 5 9on 334 g 2% Hadksh 9
& Zoleh!?

tlololE = HZ&7]9F Markus A2} 3H2-

>
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SSD=100 cm

IBuildup

TLD
Solid water phantom

Fig. 1. Schematic diagram of solid water phantom for setup with
the TLD-100 chip.

of

il sto] FAslom,
g2y A3 vhele= ZHZ%v]E Multidata dosimetry
system (Multidata&}, USA)S} & =

sl
2. GET MEA

TLD chip®] WEE 2675 giem’o| 1, Az} LT} 2.786
X 10 kg 'al ©) whe} B A W=7} 3343%10% kg!
olmZ TLDE EXvu} 22019 w9l Rulgd AR 5 Z
3 g7) wlistel 2 oluiAe] X-Al¥} TLD7Y AeAg &
uff Compton #7}9] WA EHFo] X} &4 Ho] of7] 7
9] TLD7} QA3] & AS 73 TLDOA A%
Compton A2t A A17F Q18 9= TLDel| Jaks Fof ¥
FA%F FAH ex7t A = 7] Wil B A4
£ oM TLDE FAlol AXshe A& A%sla 23
Alwlet TLDE Zolol wie} il S84 02 174 A}
@k 283 TLDE HEol AXE o wAstes 373
(air gap)S Fo]7] #sted TLD A4S A% F& oA A
X} k3h et

B AgoA A&3 TLDE LiFoll Mg# Tig E¢3}o]
ARAZ wtE AoF =77} 3.15%x3.15%X0.89 mmQ)
Harshaw TLD-100 chip (HarshawA}, USA)S A}-£-319it)

TLD= ®WALA 2 A A (pre-irradiation) 400°Col|A] 2A4] 7k,
80°CollA] 2A]7¢ %<} TLD annecaling oven (PTW-TLDOA},
Germany)ol| 4| annealing& Al#¥sloleom, AL =4 F

e

44 A5 2] 317 & WHE A
3

% (water phantom)& A}-&

9
[]
[72]
&)
=]
E]
g —— TID
o 40 + —s— Diode detector
= —s— Thimble type chamber
o 307 —»— Diamond deterctor
o —e— Markus chamber

20

101

0 1 1 17 11 L L AL DL L L L L
0 5 10 15

Depth (mm)

Fig. 2. Relative depth dose for 6 MV X-ray at 10x10 cm?,
55D=100 cm.

(post-irradiation)el] #& ANEE AAs7] $Jsle] pre-read
annealingS 100°C2 108 AAslict” =zA4¥ TLDY A
2% AE Z24s7] $sle] TLD F57]= HARSHAW-
4000 (HarshawA}, USA)S A+-g-3lsich.

TLD =749 A&4-& 9Jste] BE TLD-100 chipol] U=
e AAste] 27+ TLD F kol thsle] 27 (cali-
bration)& Alefsiich. 24 - 2449 TLD chipE
2o zAs A 100 cGyE ZAslo] TLD 57|88 &4
Fe dga FYg 279 AYE BE chipoll disl 53
2 AAsle] wrEEell ehgAo] FAsl= TLD chipEwt
Adste] mAslder, ol HAE AX ALY W
$EE ZE TLDE Agdozn B Ao 3] &4
= TLD| A X 04% vlgre|dct. A2 TLD
chipe] At ¥ HE Holl AFE AES | mm¥] FIHA)
71w A A zAse A A% AAA FA SR
ouv] RE 2L 22 YX A 33)& A8l BEgks
Fslgit.

3. 88 M2|&(Thimble type ion chamber)

BoAdd Agd 9838 AeHPTW-233643, PTWA,
Germany)-2 72 £ 7% (sensitive volume)e]| 0.125 cm’o] ™,
917 7 mm, WA 55 mm, A H FHL ofad AR
A FA7} 075 mmol 3L, F4 A F4719 & FHFL
0.6r2 AAsle] A&t FA AL AFEF A=

— 324 -



100 -

90

80
< 704
2
2 60
©
-%_ 50 1 —— TLD
3 40 —— Dic_>de detector
o —=— Thimble type chamber
= 304 —— Diamond deterctor
o —— Markus chamber
r 20
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0 TTTTTT T TT i T T I T TP T IT T T T T I TTI T T rrr I 1
0 5 10 15 20 25 30
Depth (mm)

Fig. 3. Relative depth dose for 15 MV X-ray at 10x10 cm’,
SSD=100 cm.

F WEF A 435 Multidata dosimetry system (Multi-
data”}, USA)S Abgsto] A4 ekl B g (percent depth
dose: PDD)& ZA3l9) .

4. CIO|RE HET|

[=]

7e £40] 025 mm’, £]7d0] 6 mmel p-type silicon de-
tector (Victoreen 30-496, VictoreenA}, USA)E & #E o)
FRon Axetel WEy MRS Aot U vy
©2 ARHIALEEDDIS S5

5. Ctojof== AHET|

thololZE ZZ&7)(PTW 60003, PTWA, Germany): 7+
S £40] 1.9 mmo] 2 9740 7.3 mmel Eebrel £/
Aoz glor, Zhg miAQl thololE s §7]9 Awe
EFE 1 mm o] Xso] vk FolA wpoloj s At

6. Markus = Hajg

ok

Markus 3 3§# AelshPTW23343, PTWAL, Germany)-S
ZS $3 0] 005 cm’olw, AT =)= FAo] 54
mm, FHAZ7 7242 2 mmo|t}. Victoreen Electrometer
(Victoreen Model 500, VictoreenAl. USAYE A}-8-3l31 HE
o 3% % AEL AL

0z

S

&

(]

©

L

o

S 40

b 1 —— a) TLD (measured)

2 30+ —— b) Water (MC)

o —— ¢) TLD in water (MC)

L]

¥ 20
107
0[|II|II||IIIITIII|I

0 5 10 15

Depth (mm)

Fig, 4. Compared with Monte Carlo simulation and measured
TLD data. a) measured data of TLD b) MC for pure water
phantom and ¢) MC for imaginary TLD inserted in the water
phantom surface.

7. Monte Carlo A&t

EGS4 I =2 A-83}o] Monte Carlo AR A)38s}¢ 0.
H, Foldl AR 272 FA71ER AA Ao Ag3t
TLDS} §U A FAL Aeahn, A4H AGE
71l 3t FH7b AT dosxyzE AHEsle] F3eigich
AAre] ulE3la== 160,000,0008 o], voxel sizes= TLD-
100 chipsl FAEL 71Eo 3lod 3x3x1 mm’eE AAs}t
o & WE2 E9 el TLD chipe] 4= 7-+5 7H33t
zezigi AlFst et

8. X-4 ZTA}p di

Ade] L% R vAAL Varian CL1800
(Varian, USA)2] 15 MV$} 6 MV X-A-& A&sigon] A
Holl AL =A™ Z7E 10X10 em’, ZAAYE

SSD=100 cm& 2 R%F £ Aoz WS 2.

g2 1

6 MV X-Aol| 3l 3w
29.31%, tholo}bEE 7137
7A%7) 38.13%, ©Es A
3ixk Agldlo] 7R U A
Z tololgx HAE7L U
2= AE7AE <k 1% ¥

Ak Markus H3Ygh A3t
34.78%, TLD 37.17%, tlol o =

} 47.92%9) +2 & Markus ¥
0% ZHHYT, 1 Lo
Aeg B4, TLDS} thol
ol o}

1A A AoE 2o

&
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Table 1. Surface Dose for 6 MV and 15 MV X-ray at 10x10
cm?, SSD=100 cm - Relative Dose for Maximum Dose

Table 2. Depth of Maximum Dose (dmax) for 6 MV and 15 MV
X-ray at 10x10 cm®, SSD=100 cm

6 MV 15 MV 6 MV 15 MV
TLD 3717 £1.85% 24,01 £1.77% TLD 14 mm 27 mm
Diode detector 38.13+£0.94% 27.8+0.89% Diode detector 15 mm 28 mm
Thimble type 9N+163%  3601+18% Thimble type 15 mm 28 mm
ion chamber ion chamber
Diamond detector 34.87+£0.56% 24.06+0.47% Diamond detector 16 mm 29 mm
Mgrkus parallel plate 2931+1.02% 23.36+0.98% Ma.arkus parallel plate 14 mm 29 mm
ion chamber ion chamber
60 T 35 1
e 3 emv
% 50 @ 15 MV 30 e e —
3 25
£ 40 _
= €
£ £ 204
g 301 £ -
5 & 151 P gl AR T .
7] fm)]
S 20 :
° 10
Q
8 —e— 6 MV
t 107 5 —=— 15MV
7]
0 T e = = 0 T T T T 1
i TLD Diode Thimble Diamond Markus TLD Diode Thimble Diamond Markus
detector type detector chamber detector type detector chamber

chamber

Fig. 5. Surface dose for 6 MV and 15 MV X-ray at 10X 10 cm’,
SSD=100 cm.

28y A ohE 53706l vl 9.8% o <]
Agor FAHIL 15 MV X-A9 39 A=
Markus 383 Ael3} 23.36%, TLD 24.01%, thololEc
HZ7] 24.06%, thole & HA&E7] 278%, B84y At
36.01% %, Q4] Markus #3)3} A g]dto] 7}3 J& AMako
2 4= 3, TLDS thololEE A&7|= A wxat
A Bk g0 R volet AE7I7F 49 47
Zo) nlel oF 4% =& Awe By, €E2d AglgoA
€ 3601%% & ZFA 7] vld 82% ol &
AekS HrtKTable 1, Fig. 5).

2 BYelA TLDE o] &3le] 43 E,_UL Ao A%
55 AFE) st H4 g Y =
Carlo A4+ /\]sn»g}o:] 1 Az ]/ﬂ_o]&ip} 6 MV X-
Aoll tsted B AF9] &4 =3 F4&A & HE
A Hell TLD Chlp‘é‘ AFIE 2708 sto] AAE E
g 36.22%% 2 AYolA TLD chipeZ A3
(37.17%)9} FA33I T} o] Wl Monte Carlo AlAkel] 2|3k

o Hir

)

¢

rlo

chamber

Fig. 6. Dose maximum depth for 6 MV and 15 MV X-ray at 10X
10 cm? $SD=100 cm.

AeAE Zo] Zol we WMBAAT oF 3% o e %
Z+a 9)9len, AX)X¥ Monte Carlo A ,} A SAL
Z a1 w] &5 ojsl AelFolle FaEAl glovt o

ZNAE A% AE adE 7]%”5]’%1‘?]'-

Ao} Az ALL 6 MV X-Aoll thall Markus et A
23 14 mm, TLD 14 mm, JE¥ At cholot A&
7oA 15 mm, chololR = HE7E 16 mmE BE F74
ZlNA 14~16 mm Aol Z 2 mme] ol&E Hich 15 MV
X-A9 o) A=k 2 TLD 27 mm, €83 A3zt
ol r HAE7|olA 28 mm, vhe]olEE ZFA7] 29 mm,
Markus 330 A3t 29 mmE BE 47|04 27~29
mm& 2 mme X}o]E H ¢ tH(Table 2, Fig. 6).
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AR ol whel B2 Kol & Holrf, wdt wfA hell 4 X-
A 249 43 Loz B4R ofx Azl v Eof it
A A9z FH Aole Fldl o AAE ol AR,
XA 742 Aol EodF collimator, tray, X} A|(shielding
block) & AetEAol] Qs wtAE @ A A (electron con-
tamination)9] &g WA FHop AN

WA X5 A 8 229 £3] 992 ICRU, ICRPY|
2jsb 007 mme] ZolZ Ao 31901 o] oA
A% Z4L AT o] EH 22 007 mm o]3te] =7]9
FAR717t Ags]olof s x, F FAHAAT Aol A4S
e AR £Y F dv J4FE Aol b ol
A ZRAAE ALE 2 9

Manson Vo] 94td AHeldhe o] &ulod

7+ 18%%} 17%2 H.38k% 31, Busson S22 u)4)8)
%—751 (1x200%200 pm)E Z+= MOSFET (metal oxide
semiconductor field effect transistor)& o] £-3}¢] 6 MVojlA]
16%9 W Az 2389t Krond} Elliot 52L& 6
MV X-Aoll thsle] 0.14 mm F7l9] extra-thin TLD chip <.
E TLD 4y &4 W& A83ste] 6 MV X-AollA £
H AFE 163%5 Birsto] 241 Heldho] ) MOSFETS}
T4 ARE Bausigion), wd FHITo| Lin VL
ultra-thin TLD * film (GR-200F, surface area 5X5 mm,
nominal thickness 5 mgcm\z)f’_i 6 MV, 10MV, 15 MV X-
Aol 3l 10X10 cm ZAokollA Z+7Zb 16.1%, 14.03%,
10.59%2) o5 B TW A% AoE Hirslidh

ol%h o] BUR 247E ALeAS W 6 MV XA
o W AL 16%, 15 MV X-4lollA 10.6%E Hix i
glovt ¥ A7) 24 AzE MV X-HollA shak e
A%< 29 Makus g3 Ae|gol AR 293192 2
AAE Hon, 53 Aedoldes 47.92%2 o
710l vlel oF 10% o] 49 & Aoz A5} 15

MV X419 EH A#AE FA] Markus Ff A3
olA 2336%% 7h % A%ghs By W8y ded
< 3601%% ohE FA4 AXo w3 8% Fx w2 xY
AgE B304 weka B AFolA A8 57 F

Markus 25 A2Ige] 49 Zm AFo) 6 MV, 15 MV
X-Aoll tidl] 7+7F 2931%, 2336%% Ueht} B Adol4
2% A3} FolA s F33 W A% ARE Holx
Yo} Gerbi®7} A H & wpok zro] Fvd od oA thi u)
Ao 2718 BEE Hol3 §lu(Fig. 2, 3), o] AL

FoYg Aelgol Fu cdelol A A% X4, 291 A% 5
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Lin $7] gk& TLD F&& Agslo] o}F 22 3w A
Fg Hasgoy E AT 089 mm FAG
TLD-100 A-&3sle] 6 MV} 15 MV X-A9] 1 FA
o] 7H7b 37.17%} 24.01% 5 ZAE =) o]E] g Ho
= A7 $Fe TLDE A&3 45 ¥A4d =A4] TLD
AAA A AR = AR Y e 7Y 9 HEF TLD A4
ole] W& Ao TF i3t T 5 Yol A3 FTH AF
ZA0] 7158l pEres A4y} afng TLDE
Agsle] I A%E 34 2§ TLD chipg 7hs3t o
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& AL Agsjolor 4G Ed AU FHY F UL
Ao AU vl 9.5 12719 Ash: TLD Asst
WS 247k Uehila glov, 24719 4e $4E
SelAT gk w4 A%Eg 9L Uelo] HuD T
W AgEc e A%E Hol: Aow 44y we
chololE = A%71E AL 4e $H¢ T QAT o
oleE A% MMZ BE $AE U 39
Aol ofste] WA hgete] The: F& AFES Mol
3 gich ¥ AT TLD 239e] AUES AF4]

slod Monte Carlo AAFS AJ3¥gt 3 6 MV X-4A o
T8 & AES 7 5-(28.22%)9 TLD-100 chipg
Woll AFist 271(36.22%) Aololl o 8% AolE K
TLD-100 chipg AFist 272 At 29 £
(36.22%)2 AA| TLD 407 A& A#}(37.17%)
g A3} g Hola Slvh(Fig. 4).

Hl A% Folol tate] Ard 9L 6 MVl 15 MV
X-Aol| tizted 27 15 mme} 29 mmE E 3 9lom,
Sixel 57 F3w A3 Agsto] 6 MVAlA 137
mmE E3si Yok B Al ol A A% AP
ALH BE F4 704 6 MV X-4AollA] 14~16 mm Ao],
15 MV X-Aol| A& 27~29 mm Aol & 2 mme] Xo]Z ul
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24 ABHE Qglort 247] Aol Aol B AgolA
ASD 2A B BFS Y o AYugEe 3718 1
mm GE FAAAS Aol BAE ol Zol A
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Abstract

Consideration of Surface Dose and Depth of Maximum Dose
Using Various Detectors for High Energy X-rays

Yong Ha Lee, Ph.D.*, Kyung Ran Park, M.D, Ph.D.*, Jong Young Lee, M.D.*,
lk Jae Lee, M.D.*, Young Woo Vahc, Ph.D.” and Kang Kyoo Lee, M.D."

Departments of *Radiation Oncology and "Basic Science, Yonsei University Wonju College of Medicine
TDepartment of Radiation Oncology, Wonkwang University College of Medicine

Purpose: 1t is difficult to exactly determine the surface dose and the dose distribution in buildup region of high
energy X-rays by using the conventional ion chamber. The aim of this study is to evaluate the accuracy of
widely used dosimetry systems t0 measure the surface dose and the depth of maximum dose (dma.
Materials and Methods: We measured the percent depth dose (PDD) from the surface to the dmax in either
a water phantom or in a solid water phantom using TLD-100 chips, thimble type ion chamber, diode detector,
diamond detector and Markus paraliel plate ion chamber for 8 MV and 15 MV X-rays, 10x10 cmz, at SSD=100
cm. We analysed the surface dose and the dmax. In Order to verify the accuracy of the TLD data, we executed
the Monte Carlo simulation for 6 MV X-ray beams.

Results: The surface doses in 6 MV and 15 MV X-rays were 29.31% and 23.36% for Markus parallel plate
ion chamber, 37.17% and 24.01% for TLD, 34.87% and 24.06% for diamond detector, 38.13% and 27.8% for
diode detector, and 47.92% and 36.01% for thimble type ion chamber, respectively. In Monte Carlo simulation
for 6 MV X-rays, the surface dose was 36.22%, which is similar to the 37.17% of the TLD measurement data.
The dmex IN 6 MV and 15 MV X-rays was 14~16 mm and 27~29 mm, respectively. There was no significant
difference in the dwax among the detectors.

Conclusion: There was a remarkable difference in the surface dose among the detectors. The Markus parallel
plate chamber showed the most accurate result. The surface dose of the thimble ion chamber was 10% higher
than that of other detectors. We suggest that the correction should be made when the surface dose of the
thimble ion chamber is used for the treatment planning for the superficial tumors. All the detectors used in our
study showed no difference in the dmax.

Key Words: Surface dose, Depth of maximum dose (dmex)
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