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ABSTRACT

Objectives: The aims of this study are to investigate how X-rays are emitted to surrounding parts during the ion
implantation process, to analyze these emissions in relation to the properties of the ion implanter equipment, and
to estimate the resulting exposure dose. Eight ion implanters equipped with high—voltage electrical systems were
selected for this study.

Methods: We monitored X-ray emissions at three locations outside of the ion implanters: the accelerator equipped
with a high—voltage energy generator, the impurity ion source, and the beam line. We used a Personal Portable
Dose Rate and Survey Meter to monitor real-time X-ray levels. The SX-2R probe, an X-ray Features probe
designed for use with the Radiagem™ meter, was also utilized to monitor lower ranges of X-ray emissions. The
counts per second (CPS) measured by the meter were estimated and then converted to a radiation dose (uSv/hr)
based on a validated calibration graph between CPS and uGy/hr.

Results: X-rays from seven ion implanters were consistently detected in high-voltage accelerator gaps,
regardless of their proximity. X-rays specifically emanated from three ion implanters situated in the ion box
gap and were also found in the beam lines of two ion implanters. The intensity of these X-rays did not show a
clear pattern relative to the devices' age and electric properties, and notably, it decreased as the distance
from the device increased.

Conclusions: In conclusion, every gap, in which three components of the ion implanter devices were divided,
was found to be insufficiently shielded against X-ray emissions, even though the exposure levels were not
estimated to be higher than the threshold.
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Figure 1. Typical ion implantation equipment (cited from Cox, 1984; Park et al. 2011)
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Figure 2. Three points where X-ray was monitored in ion implantation process (beam line, panel behind high voltage electric

system, and ion source chamber)
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137 Cs, 160 CPS per uGy/h T+ 96 kepm per
mR/hol W2 Fojt}, AA| AAto|A= Table 19 =
7} AR A 71391 KORASOL(FEe) AR gholl A
ska] wlglAlo 2 Wkl (KORASOL, 2017), A
7 A= AAISHIeHTable 1).
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g 7|17t Rk, B §39 dAadgo] A&, 719
A9, 4d, A% A 5 oy 8]l ne g 5
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Table 1. Relationship between CPS(count per second)
measured by radiation instrument equipped with
X-ray detector and uSv based on calibration graph
(KORASOL, 2017)

uSv CPS
5 687.2
10 1,362.4
15 2,036.4
30 4,035.4
40 5,373.4
50 6,662.4

n.z2 i

o239 Z4(ion implanta) ZAE, HX] AI7|E,
370 A g FEE dAdo] 4 ZAil= Table 2
o At} o] AZHEr 7] 1A 7H57] EAolA
£ dadgolt Ag & Qo] BF HEHU o]
J=el 3(XXS8-IHE 203, XX8-IHE 204, XX8-
[HE 301)9] o] 4hyl vkA EAjoAx dAdo]7} #
g & glo] AEFULh ol J=ZTEF 20(XX8-
[HE 204, XX8-THE 301)°f|A4l+= 1l 2RIEA oA o
Ago|7} Al & glo] AEEU &, ol dEH
e} 20](XX8-IHE 204, XX8-IHE 301)°l4%= 371 &
A EMolA A"l & glo] dAdolt BEE= A
gRlstatt. Zxel49 AZ(10 cm, 30 cm)7t ol
Ao met dAgo] AEHFL E01EUHTable 3-4).
st dAado] LE3AH usy) I A S S5
9] zloli= XX8-THE 203 A& ALstis IA] &
UtHTable 3-4). o]2Igt Xjo|= L& A=F] AP 7]
ol FFE v Fr= of Tt

2 A AR o] AETERY] AA| fid HE 59
Sl A A o]} ] A EA] 9SS Ejls
FTHACGIH, 1987). dAdo] 4 F=E v|wd o
AA] 79 Ao wh FjFgo] HolX= skt
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2t

2 dFolAE ol2FY FA0A AREEE ol ¢

Table 2. Estimated absorbed dose(uSv/hr) and monitored X-ray peak levels from the surface of three sections of a high—energy

ion implanter

Manufactured High-voltage accelerator part

lon source box part Beam line part

Equipment No.

year CPS’ uSv/hr CPS uSv/hr CPS uSv/hr
XX8 IHE 201 2000 386 2.10 NDT NAF ND NA
XX8 IHE 202 2002 187 1.02 ND NA ND NA
XX8 IHE 203 2002 2140 11.64 176 0.96 1280 6.96
XX8 IHE 204 2007 830 451 ND NA 285 1.55
XX8 IHE 301 2000 410 2.23 ND NA ND NA
XX9 IHE 201 2001 319 1.73 ND NA ND NA
XX9 IHE 301 2011 157 0.82 ND NA ND NA

"CPS: count per second; "ND: not detected; TNA: not applicable.
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Table 3. Estimated absorbed dose(uSv/hr) and monitored X-ray peak levels 10 cm from the surface of three sections of a
high—-energy ion implanter

Equipment Manufactured High-voltage accelerator part lon source box part Beam line part
No. year CPS"  wSv/hr™ uSv/hrt CPS  wSv/hrT o uSv/hrt CPS  wSv/hrt  uSv/hrt
XX8 IHE 201 2000 186 1.01 1.49 ND* NA ND ND NA ND
XX8 IHE 202 2002 913 4.96 2.25 ND NA ND ND NA ND
XX8 IHE 203 2002 5750 31.27 2.75 1700 9.24 2.43 ND NA ND
XX8 IHE 204 2007 536 2.91 1.29 1070 5.82 2.30 2040 11.09 1.26
Exceeding
XX8 IHE 301 2000 521 2.83 212 675 3.67 1.40 detection 247
range
XX9 IHE 201 2001 463 2.51 2.57 ND NA ND ND NA ND
XX9 IHE 301 2011 195 1.06 1.95 178 0.97 1.23 ND NA ND

‘CPS: count per second; T: Estimated based on the relationship in Table 1; *: Measured directly by ion chamber; TND: Not
Detected; SNA: Not applicable; Background radiation: 10~15 CPS, 'Detection limit: 10,000 CPS

Table 4. Estimated absorbed dose(uSv/hr) and monitored X-ray peak levels 30 cm from the surface of three sections of a
high—energy ion implanter

) Manufactured High—voltage accelerator part lon source box part Beam line part

Equipment No. P T : T + T :

year CPS uSv/hr™  uSv/hr CPS  wSv/hr™  uSv/hr CPS  wSv/hr™  uSv/hr

XX8 IHE 201 2000 159 0.86 1.06 NDT ND ND ND ND ND

XX8 IHE 202 2002 547 2.97 2.01 ND ND ND ND ND ND

XX8 IHE 203 2002 2320 12.62 1.95 313 1.70 1.16 ND ND ND

XX8 IHE 204 2007 221 1.20 0.86 5800 31.54 1.58 998 5.43 1.32

XX8 IHE 301 2000 201 1.09 1.70 1810 9.84 1.32 201 1.09 1.65

XX9 IHE 201 2001 263 1.43 1.78 ND NA ND ND NA Not
operated

XX9 HE 301 2011 105 0.57 1.12 ND ND ND ND NA Not
operated

"CPS: count per second; T: Estimated based on the relationship in Table 1; T: Measured directly by ion chamber; TND: Not
Detected; SNA: Not applicable.

Edher SHe] Udd 37 Hd Aol A HhA, T et o] AFolA WA 34 Fab 2R19] o] d=
£7], oled] gR)ofA HEEE =E2MERS 245ty e 23S XY =EHFE(50~100 cm Ao
H| oGt 1 Ay} 47 o] JEThEtoA AAFHo] A 1.07+2.53 pS/h(EH: 0.01~13.32 usV/h)
7 FE2EE A4S RIstt dAadols tiEE A [HE 9=tek 2.1743.48 pSv/hl¥a, whed %
H A 2#H o2 AZTEtolA EAYSIR L, FT HX ZRlAE 0.03+£1.02 £S/h(89: 0.01~0.05 uSV
H AAE EF - LAYt cHTable 2-4). tgF /h)ITHChung et al., 2015). A¥tHo=z G4 o]
Tk o9 FFL} Holkro| uhet Aok o1 259 TAA HARE AAF o] £ oA K
oUAl= A 90 KeVollAl il 4,900 KeV7txol®  1H H|gAPAL 59 (i HdF 17.5424.8 pS
Oli AETHEle] what A o] WY AFof 2to]7k /h, WY 1.10~112.0 pSv/h)Eh EA 2okt
< S AL B AFAME ERIsHA] Hakgitt o] °‘~E¥E}oﬂﬁ AAg o]z o] 259 FHolA H
o] J=etet FH AAHo] HEL Chung et al. 4 5 ELES Jold 7|l FUske oA Fit
(2015)0] WI=A| FAollA a5t A Auel vist  BEE WA, 3o AHsfof dithe ARR
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B 548 7HA kE, 2AY ot T Al 9 5
o] EAgtt. A4t A Al o] UETER= dH o]
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oA dAAFol7t TELE FEE S| el T F
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fo] "asitt. 5] v A S0 A2 5 34
A BA ol YASHA] Y=g Folsfjof gt I HF
o] WAy ¥tA FHE = 32 To] BAjoA w2
(F2L 5,800 CPS)ol A&, ¥ 2Rl FE2 F2
Stdof| dFnEoE Hirfo]xl REA AlgE AL
WAL £771719] 21 FE3%HAI(10,000 CPS)E =3+
SH71% SHith. o] AERHEO|A Aol S &
olgH AEHE AA, WA FEL & Ue YA
SR Am, 28 Al BE, AR E £017] AT
A "=(suppression fields) AME, 21|, QlEE 2
%= So] aEEolok SttH(Maletskos & Hanley,
1983).

A 4 A7] AulE v &, AR 27 o
GolA o]FOoA = AR o] FE U g2lo] ]
st =2 &4 A7 U2 9 gRl9] e FE
2 WA SFAST 22 o R RS Hdes Ao]
dAgo] ztHo] © BE&Ho|th. FHIole= XA ol
FES JAA nA= ZH|sie] o]F FE AR AA
o7t +E2HA] FLE sk PHE e AoE 4y
A JARE AR AR EE IEHERIAl = 7 2APL
g g3ttt

E A AaoA HEH dAgols o2 3F
A ] AR A =E == o] ofutt
7171285 10 cm@ 30 cm oA X Ho|A <7t 1
35 A3 oz, AR L &25F07 st 4 itk

2 9 o) Ar
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= Ae] ZAGAEo] 7hs 5 ol AETE A
oA FH] FAT H B FE2] Aol 7+
o7 =% 7540l tHUngers & Jones, 1986).
A& E9, 1 xS/hrE YAk 2AY odA] o] ¢
e ZAONA SHF B 4A7E FH] FPES ok 2
22| A7F £ A o] EAkE F4oHH offiet

2

4AZH/D x 1 pS/AZE x 54/F x 50F/9
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s

YA QPR HAMAREY] = St RIS
& AAFAA o8 HPARA Ak AlQlstar At W
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UTHNCRP, 2018). dAdo|et Z-2 WAL SEE
A A7 I 78 gle AF 2Eo ZAsH e
oz IdYFoR Thsst HRolA HATH] kE(As
Low As Reasonably Achievable, ALARA)S 53} 9
Wole Ae Y2og ditk(Protection, 2007). &2
dHor I & s o] oHZRQUIA|o| B
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