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Recently, in semiconductor and LCD manufacturing processes, ionizers have been used that employ
low energy X-rays (soft X-rays) of 3 to 9.5 keV, as the ionization source. However, these low energy X-rays
cannot be detected using film badges or the like as their energies are so low, and there is no appropriate

personal dose meter. In these conditions, an inexpensive and easy-to-use personal dose detector is required for

workers for daily use to avoid unexpected exposure.

Therefore, we have designed a wearable low energy X-ray detector
conductive spheres floated by static electricity repulsion force.
low energy X-rays projected in the detector neutralize electrically charged conductive spheres.

that uses four electrically charged
Ions generated by ionization function of the

From the

number of spheres dropped, the detector detects the dose of the low energy X-rays.

In this report, we have examined a simple way to detect low energy scattered X-ray dose from the

number of dropped conductive spheres.
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Fig.1 Low energy X-ray ionizer (Hamamatsu Photonics 1.9490).
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Table 1 Specifications of low energy X-ray ionizer.

Items Specifications
Tube voltage DC 9.5kV
Tube current 150 4 A

Window material Beryllium, 0.3mm thickness
approx. 130 degree (cone angle)
1.3~4.1 Angstroms, peak 2 Angstroms

3~9.5keV, peak 6keV

Irradiation angle
X-ray wavelength
X-ray energy
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Fig.2 Low energy X-ray detector for experiment.
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Fig.3 Experimental setup.
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Table 2 Specifications of low energy X-ray source.

Items Specifications

Target voltage
Target current
Window material

I

X-ray energy

~ Max. 9.5kV DC

~ Max. 200 £ A
Beryllium, 0.5mm thickness
approx. 120 degree (cone angle)
2~9.5keV, peak SkeV

rradiation angle
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Fig.4 Influence on penetration by low energy X-ray

penetrating film thickness.

100
= %g;g::;zz:zzjzjzzzzzzzj
2 80 | ) )
IE Key Film thickness
= -0~ 25um
oo
2 60 F —— 50um
5
3
s 40 |
5
2
o
2020 |
2
&

0 L L L

0 20 40 60 80 100 120 140

Dose rate before penetrating films [mSv/h]

B 5 AH X ER (XHIRE) OFEilR~DRE

Fig.5 Influence on penetration by projected X-ray dose rate (X-ray

intensity).

16

9 -
— 8 r
3
£ 1
] 6 .
S .
° 5F
] .
«© & y !
~ A d hi
0
@
E . r ¢

2 -

¢ .
o 1
.
s ¢
&

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
Charged voltage on the metallic spherical electrode [kV]
B 6 EEMER—AMNETT D E COMBEMRE L SBEREM
WZEINS 5 & & OBR
Fig.6 Relationship between the integrated dose before one

conductive sphere will drop and the charged voltage on the metallic

spherical electrode.



45 HELLE-EIRLF—XRORKRE

K91, MRHERHCEEE LR 00— XS & i H
L7z EHELX OB R 2 L2356 OREHRE L 6T
EEOBREZ R LTV D, FEBCIE, MRS 4 [@0EE
PR —VEEALT, &REKEMRIZ-8kV ZHIINT 2 Z LTk
D, 4 [EOEEMER—VEFRLESE%, RSB LONME
THEEE XA & HELXBROBERIZ NI 03mSv/h 12725
IR LT, ZRENORERE L% MERE ORRE
Rz,

Ko LV, BEEXHEHELXBOBRGE L E T EEORM
BDZT 1%, 1EHF—HLTWBIERNgn5. Thbb,

UL, ZOBHERR, 227N UEELD XD ITHGEL L TE
{7polez X NF—D XY, AVEBHRAY —~—2X—
& LRFEITHREFIRE TH D Z AR L TWD. /- th—x
—A—X%, BHELT, EE00122mm OR ) =F LT
L7 HL— b7 4V (Mylar, EEHEIREL : 54.7cm?/g at
4keV) ZHEALTVDDOT, dkeV DETFLX—XHTH 9
3%BAETE 5. ZHUL, AV —_—2 X%, 4keV D
BN X=X THBREHTETHD ZLERLTND. fE
>, ZOMEED, dkeV OIRTRLF — XBROMR D FTRE
ToHDZENFND. M, Mylar 7 4 /L AOFBBROFEIC
FAWTE BE56%%%0%, National Institute of Standards and Te

chnology in USA ™ X-ray Attenuation Databases 2>55|H L7z.

4.6 IRH&EPFADFIE

X 10 1%, #EEROSBEKEmIC, -6, -8, -10kV ZHIML
TeREDZFNEN ORI R & 3 TEROBGRA R L TV 5.
2lEL, ZOFERT, 4 EoOEEER—L AR ESE, Rl
ZHLONLE T 32mSvh 12725 K O IR 1L F — XA R
HLTITo 7.

FEINEEIC BT 2R E L % FER ORI, 12T
BIBMR T, 207 T 7 BRI b\it;%@ﬁﬁ@@%

F—EL TV, /bbb, K 6 230 TRRIIAZETEN, é
BERERRA~OHIMNEEAZEZ HZEI128Y, ZOMHgROR

PFHEFTHRECTE DT LMD,

5. FEH

ko £ 51z, BELEFRRT 1L — X g0
WEEEAT 72, TOREEBA SN2 TOFELY, T

HEEMR—LOVE T 5 £ TOMBERE &% TEkkoB%
DT 7 %&ROTHBTIE, BT LI2EER—L O 5
PR RV —HEL X RO R A GBI T 5 Z & AV ATRE
ThbHZ LaffEd L.

%15 (2004)

3,1

— 4
>
)
E
[+
3 3
=
o
o
S
5 2
o
3
=
1
0
1
Numbers of dropped conductive spheres
(a) 1 Sphere
5
4
>
(%]
£
. 3
1]
o
hel
2
£ 2
[
()
]
f=4
- 1
0
1 2
Numbers of dropped conductive spheres
(b) 2 Spheres
5
4
>
%)
£
3
&
o
o
e
S22
«©
)
5]
3
f=
_ | _____IIIII| ““‘
0 . .
1 4

Numbers of dropped conductive spheres

(c) 4 Spheres

7 BRI TS & CORBME L STHR—
IVOTETEEL & OREER

Fig.7 Relationship between the integrated dose before conductive
spheres will drop and the number of them dropped.



SR 2 X — X HE OB BiARBULS) 55
1 1
Key Dose rate
6 —— -o— 128mSv/h % 6
3 Key S
- 32mSv/h ///jﬁfy - e
’é‘ 5 b 8mSv/h / ‘é 5 — -O— Directly reaching X-rays
- == 2mSv/h - -X- Scattered X-rays
g4 A 4 g4
S . omov 3 %
o =
£ £
) )
é 2 g 2 ,///////’/////X
1 1 X
Dose rate : 0.3mSv/h
0 0
1 2 3 4 1 3 4

Numbers of dropped conductive spheres

8 M AST 2 XMOMER (XHRE) DR
Fig.8 Influence of dose rate (X-ray intensity) of X-rays
projected to the detector.

O BHBROEM DR A X FBilE 7 4 VAL, R k¥ —
XMROBBFENKE S, AFXFRER (XHRRE) 12X
DBEE~OEETITL A L0

@ EEER—ADE T T2 F COERRE L EEER—L
WCEE L EWMEISIERA LT 5.

@ BEEOEEMR—NLEZ NS Z LICL Y, A L ET

FF— XROFEFEHREL LM< FERD Z LA TE .

@ FEERE L ETEERT, 1 ZIEHFIEIR T, T/ 7 7I3E
MUV, 7o, TOREMRE &V TEBOBRIL, A
FTOET RN F—XBOMBEE (XHBE) (K208
FEAEZIT R,

® Z oY, 4keV ORI X —HELXHRTHBHTA
RETH 5.

© SBEKEM~OHIEELZEZ HZ LIZLY, 2ot
OF SR ZETE 5.

BEH

1) $aARBUL, fist &g, #ia=s, AllB®k:. 7V —r7 7 /n
¥—. 10(2000)18

2) FAAIR b =2 A+ T b A AT A Y L9490 B E

3) TR B ¢ 5 30 [E] A AR THRIZE, p3. H
AR (1995)

4) AR =7 A RXBRIE C4870 BUkAIAE

Integrated dose [mSv]

Numbers of dropped conductive spheres

9 MHEHCEE LR X — X OME A Mt L7z
e LRELXBOMBEL B L7 5E OFEERE & % T EE
& OB

Fig.9 Relationship between the integrated dose by detecting
directly reaching X-rays and scattered X-rays doses, and the

number of spheres dropped.

8
Key Charged voltage
7 o -10kV /O
6 -~ -8kV
-x-  -6kV

_

X
L /
2

X

1 3

Numbers of dropped conductive spheres

~

10 FEFELME L SBEREMIEY OBEELZEINLIZ L&D
EEMEAR—/L O TEE L OB

Fig.10 Relationship between the integrated dose and the
number of spheres dropped when charging different voltage on

the metallic spherical electrode.



