<pp=E> SHERIZEIBIX| M6 45, 2007 7E, pp.305~310

W-target &3 453

Soft x—ray tube9

AL W SHEH

ZIA

A
oOoT

2
LY

‘2Adista 7|enAgsal g 302-729
%(Z) 2ol Aol YA 305-811

(2007'4 78 2Y &12)

W—target £HYTY x-ray tubed 7Sk, EAS RARHCH TAQo] 12kvoldto A=
12kV ool RE B4 x-ray7t HEEQC A< x-rayel B4 x-ray2| o] EE 9 A=k
et & AR & 5 AAch E3 A3 AET) vmoflA, 71E AFE olite] AL

i) B Aol ALE x-ray tuber AL 4+ QL

FHO A x4, W-RH, x-A RE, RIS, AR

LM 2

X-ray 2|2-8Rt obe}, vlgt]HAL 5 EA| 9] A
Al e HAZ 5 T, YR $EAA Y mlAEd 3
ZE 8%k "ol 583 o] Ha glch dx] 9=
£ 32 AQjgoz AMEET 9= thEES x-ray tube
€ 5 Aol X-ray tubed] g THBh= HAL
A hFES Ho|A2 v, 0,1%0]7H] oy
A9t x—ray& FASR=H] 7|93}7] gl Yol whe
gol AT 1], £3] =4ollA 9 kvel WAL A
$3h= A(hard) x-ray YL FHAE FEA A
= 259 RELRE gt YR 7} vieA] Wasic)

FFS x—ray= 19779 v]=9] David J Haas®| 9
& A= ALEUCE [2], TP x-ray tubet Beo]
x—ray FIE0| ¢ e 54 0|43t 9k Be
windowol| 4% Aol =02 AMESt Aoz P
REALY tubeo] B8 £u7} Zth= A7o] 9lct [3]. 18
U =& AyR|e] Az} of=Fo 2ARE o) o] 444 7}
AE7] 2ol YJRE T2 Aoz AN 471 Qlo]

7o) S HTTE, 1990 Futo] At} 2|7} wlwE

B2 soft x—ray WAL T t}A] 2Euky| AZFsloT)
E3} F39 x-ray tube EH AAE 1A A & 9)
I, soft x—ray TR0 2 ARGSF A W7 W
$17] &, power supplyE Z35l x—ray generator?)

A #3E £%3AA 4= ek X-ray generator® 4

* [2A}-9-H] sskim@mokwon, ac kr,

A& x-rayyt $EHAT

B4 24 AT 93

7H 4= 2 Eelsiart
T ZE3] 3 EXL 7T 9128 EIEgT)

ok A9, FE x-ray AAA], FdlE XRF (X-
Ray Fluorescence) AX|, B%7] AAA], AEFH &3
AR Tol A 5 glo] SEHY7E ui$ Wk

LCD 9 WA AzFHolA FH712 AAE dds)
Fasith, BAoe 2R dhHoly 7]e B oz A
71 AARAGE, soft x-rayS o83t A7}t 47 7}
A 7o) Qo] Hell= o] Wygo] FAof ALH 1 Qi)
B AFQAE, A7 AAZA | 28317] Ysle] w-

target FIYFE ZAY x-ray tubeZ 7| A5} x-ray

II. EnlF23 W—target soft x—ray tube2]

I 12 & aytollA e FaFaE soft x-ray
tube®] AlRlo|t}, o g AREE <0 Be windowd] &
g =]o] 9131, Be windowt= KOVARE o] €3} S|z}
A A7t RAEEE st GepilEoA 1t
2% HA= Be windowd| ZHE 4T F4&0 2539
x—rayS DAYA|7]3L, ojuf] WAYHE x-ray= Be windowS
Fi3lo] vto 2 WEEc) Be windows x-ray9 4-8&
o] mj-- Yo} x—rayE AiH 02 FalA]7|z gL o &
T8-S ¥7] YAl Be window?] FAjof AT of2 =2
&9 FA7L A-s] 2 olof 3tk £ Aol Wo



x—ray tubeQ| A}Zl

FHE W-target x—ray tubeZ /W51, EH7IER
AlB8o)4d AThe Bfgro2 510 Be window U HE 24

o] M4 FAE AAsIArh ALH x-ray tube® {23
AL 4 T)A39] 2742 20mmo] L, %

L. 15mm; OOE_
T3
o

=
bk 220l ssmmaH 243olr,

AlS

= gt

EH
oH

I,

X-ray tubeE F&0t7| ¥ power supply= AA7H
Watod AMESHATE. AMTEK(T)=)ARe] XR~100CR(25mm’
500um ) Si—PIN detector, MCAS8000A @ PX4 power
supplyE AM83te] x-ray9] oA EEZE FAsIGL,
S.E.International(EWAF]  ‘X—ray—Gamma—Dosimeter
type 270915 AME-S}Y x—ray] A%(dose)S 43R
oy, A= 42 A vt $83817] diiEo] x-ray
tube?} dosimeter Al0|2] ALE 14emZ TAR|AH &8}
£ FojlA] Aol HEE= photons s}
510} 1 FAS] o2 AN,

AL,

V. Zat Y o
4.1, X-ray?| Oj{X| 22 =X

9 2= VAFE 1004 2 317815 Ft 8.0kV
oA 12kV7AR] WBHAI7| A x—ray o] BEE S4T
Zolct, JAYo] TS A& x-rayd] A=7F HA
F7tgE & & ok

AL x-raye AFEAR] 8] WstE Aoz, B

306

o YARsE HALe] oz i} of) He| FERHE F
gt UAE §A Hi FE duitt ogE oAy
photong W&t FAQte] 2 AL A& oyAje)x,
Az Y27} F7FE Wit ZEdh= 357 7))
of W=El= photon®] o] F71817] wiZoll, Bt} &
Vs A% x-rayd] Ao TR,

oz 2HEY AofA] & AR &9 x-—ray Z&
7} 00] H= A& Gk (Short Wavelength Limit) o]
F= = A A|olet, AR Pt o g WY S
EE AR BE U E Yoluld o 7 & YA E
7}2l photono| W31, o] photon®] o] 7+ 47|
o) &l dupttojatar sich, thubAiuke] sk T
FO| AW the Alof osto] Akl 4=},

by =

swi

12.40< 1078
————— [m]

= (1)

ojtt, o714 V [voltle BHStoltt

Y] F AR & oflviA]ol7] wiiel|, Tt
2] A= A o) v)E)ste] wsfof gt 1 29
A B i} Zo|, xSt S7istel| whet dupthe] 9
R7F dAsHA F71eE EIg 4 qirh

APl 1kV oA A x—rayFt HERX|T
12kV7} =JH B4 x-ray L,-lineo] F3o] Uehadg &
4= Q1AL Ly-line®] EA = & 4= Qlrh, L-line YARAZL
9] ZEol 93l L shelld] W H= A7t HEEHRE
o vrEhdt), L shell®] o AR &917F 2} L= 12.1keV,
L= 1154ke V, L= 10.21ke Vo]7] wliZo] JAFAA}L]
o7} 11keV O]/do] E]O{ok L shell®] HALE HEAIA
o= ok wEbA 919 Adje oA dX[F

19 32 BHRE 100pd 2 A5 TS 12kVO
A 20kV7EA] HBAZE T x—ray 2] Ezo|tt, &
ASto] F7Rtel mef §4 x-ray2] A7t AsiA SV
< & vk 7P s veRd peak L, T L, line
o] AHA UEhd Aol #& oA o2 Ly I} Ly,
4 L,-line7}x] T3] UyehgE & 4= Stk o] B4
peak &9 A= A e W ¥R L-line o1 %]
(L,,=8.398keV, L,,=8 335%keV, Ly =9,672keV, L;,=9.962V,
L,=11,286keV)ET} A2 A&s] 2|t}

L2 9% LERt 218 peak-> Ni K, —line(7,47keV)

Journal of the Korean Vacuum Society 16(4), 2007



W-target =1} LS8 Soft x—ray tubeQ] Jigt 2l EMEAN

W-target tube
JLa I = 100pA

Intensity (a.u.)

8keV

v b e by Do T T Ty Ty

0 2 4 6 8 10 12 14 16 18

ENERGY (keV)
a3 2, YA 100uAY mf, 2HHto| Wt WE x-ray
x| 2=,

W-target tube

V =6.0kV
5
s
=
17
=
[
E

0 2 4 8 8 10 12
ENERGY (keV)

J8 4, AXY0| 6kvY mf BFFO| Hetol = o X] AL
EH. olfZEE XTI 242 60, 80, 100, 120,
140, 160uAS .

o2 gohEn, o|RL {28 Be windowE HIAIZ
o AREZE KOVARO| ZFlele] Qe 22 Hh
KOVARE Fe baseollA| Ni(29%) Co(17%), Mn(0.5%)<] &t
o},

O9 45 FAJE 6kVE DAL, BHAZE 60pA
A4 160uAZHA] 20uAZFA 02 WS 7|HA &
ray oA E3xojr} Ao UXSIH targete] FE3}
£ AR AUA7E dAgstr] gzl WHFIt Hste et

=
At x-

QTR 16(4), 2007

1l
A

l Lo W-target tube
I = 100pA

lLﬁl

1 Lp2

o4
—
12kV

o b s Lo s B ST I T T

0 2 4 6 8 10 12 14 16 18 20
ENERGY (keV)

8 3. YO0l 100uAY of, EHAC| Hatof] ME x—ray
ol X 2E.

Intensity (a.u.)

W-target tube
V = 8.0kV

Intensity (a.u.)

0 2 4 6 8 10 12
ENERGY (keV)

T8 5, BHYO| 8kvY I BT sl W2 ofix| &
HMEY, OlfZEE I 42 60, 80, 100,
120, 140, 160uAY of,

= pPge] YXe ek ghett a8y HHERE S
77T G5l SE3he AR ol Sk wie
G FESHe xray? & F7Isjok stk 19 49
A B ute} Zol, BAR7H WA= dupgae] ofjuxle
RISHA] 1, WAR7F 57 whet x-ray 9] BEe
71 & Qlof T AFE o = 9l 7 5=
PAYS 8kVE AT T 4049t 22 2@z &
43 Aifoltt, Yol 8kvol7| wiel Thulbgtte] 3

307



oN
%
4>

1400
160pA
1200 140,A
1600 120pA
£
@ 800 | 100pA
w 8
W o600} OuA
8
400 L 60pA
200 -
0 L ] 1 1 1 1 1 s, 1
7 8 9 10 11 12 13

Tube Voltage (kV)

a2 6. HHRE nHSin HHAS HIAAFIHM ™G x—
ray M,

3= photon?] i X]7} 8keVE W3t A 2= 27 59
Avle} QA

4.2, X-ray2| M2HDOSE) &H

Soft x-rayE ©|83te] FA7IE AAT7] YA,
SE3 o 7IAE o234 Qlojof 317] wiEo
x-rayQ] A EAE ufe Fa5} TI2ER o] HojA
£, /NE x-ray tube?| A EAJS ZARIITH

79 62 BAFE WAL BALL 12kV7HA) S7

2 RSA A Ake 253
Aoz, PRr Z71e) met AL 1hgeH o 57
2= 9k, 2% 2004 2 mie} Fo), BA x-rayk
TAY] 12kVOlFoIA UER] Alzkslr) tiEel, 19 6
7% 79] AT AR A x-rayo] OfF HFoE B

30
£

LA ik 4]
L= AiZV™ )

o7 WA, it BAF, 7 WARE, v E VAL, me
Apgpola of 2017, At wlerolch, T2lmR 17 63
a9 79 Aue e Fush ¥ YAFE & 5 Aok

308

=g
1400 |
12kV
1200 |
1000 - 11kvV
£
Q
n 800
E 10kV
L
800 +
8t oKV
o [
400 +
8kV
200 |
e e T
0 L | 1 L I 1
60 80 100 120 140 160 180
Tube Current (uA)
32 7. BHYS DHET BHIE HSATIHM - -

ray MY,

a9 67 2 79 AY
FO|AH S A5 Yt fitting T8 F=T
A}, ¢4 28 7olX 9 ZF AAEE 1T fittingd}
o Zrzke] TEYo)A 7)1 &7]9 AugES 7 4 Ut
71&719F FHAEL BRY] el wet 22k 2315t
202 Z718la, ol5g 233, R fittingdted th3at

Ze AL g & U

Anten PaRel pEg

A
e

A= O

Dose = (ay+a,V+a,V?)+ (b, +b, V+5, V)1 (3)

)

oA7IN Vet I 77 WAL R\ T, H4YE
o 7}t g,=-110113, ,=33.37415, a,=—2, 61769, b,
=0,06193, b,=—0.69583, b,=0,11895 o|t}. wka}A (3)4]

£ o83t WHUTY WAFo] FolFE W AFL HI=

o 4 ek
(3)A1-& x—ray tube®} dosimeterAlo]2] A7} 14cmed
o A3 M o]8st] FH Alo]7] wZel, A7t

gt A fitting -5 Tolof Fvh IFAN B
I3} R T2 x-ray®] HFE 8 A2 fvting T2
AT 5 ke 2L F88 AnE 7Y FAE=Y
x—ray tubel= WO| %215l Be windowd F=02 AMGSH
o W stato] 237k 355 x-ray7h TSR O] xoray
= Be window® FI3lo] "o g wWEHTh uwlehA Be
window?] FAS FHE W Hte] FAE x—ray®] W&
E4E Fedhe $a% 8824, o] FAlEC] FAEHA
Ao (2)41E w2 AFE L 4= gioh Tk (9)4
o] AThe AE x-ray tube?t Ao WEEHE AT

Journal of the Korean Vacuum Society 16(4), 2007



W—target £} Y28 Soft x—ray tubeo| Jigt U ENEAM

S

8

=

[7]

f ol

Q

=
9.6kV
H.co.
9.4kV
9.2kV

2 4 6 8 10 12
ENERGY (KeV)

2! 8. HA} Photoionizere| x—ray O|L{X| £ (H, co.)2} £
HPOIM U x—ray tubel| EFRAZ 9.2, 9.4,
9.6kVZE HEIA|7|HM EXE ofiLiX] 2=,

O

Jo-g Qi) obg e WA PHFUOR S of
3 4 Q7] TR, AMgAre] Tojdmut opet A5A
o7} 7Fsstel & Zo| Yoldrhs el olulr} gl

¥

it

4.3. 483tE MZEztel i

FHFSH x-tay tubes AFEEE BRE LT Ao
7} Wzl 71E A8skE A& &4 Hlavt gasict
X-ray tubeZ 1A 2 28 AlFo] A|A7]0]7] Y&
o, A71= AlEEL Q= Y& HAR| Photoionizere}
42 vl

Id 82 & A7olM EE x-ray tubed] BAYE
247+ 9.2, 9.4, 9.6kVoR WZIA7|HA] SHS o] &
EZE H AR 20 vt Aolct. 19 804 i uiet 2
o], Aol 9. 4kve W) HA} Photoionizer2} 7} U]
S o 4 ot webA] HA} Photoionizerd] THAQRE
9.4kVE ARSI S-S &I 4 Qlth

% 69| datas E4Y wjo} FYUS 2402, HA} Pho—
toionizer®] A ST A7t AFE oF 803mSv/h At
(34 ol 83hd, WYo] 9.4kvolal Ho] 803mSv/h
d He] FHFE A 4 331, ALt AR 2080A
itk o] gk HARY AT 54 e A%H803mSv/h)& 27
st} & AtollA 7Nt tubeol 17F8) Frojof & AR

TS YYR) 16(4), 2007

ojc}, AAZ, & HolA LTt x—ray tubeo] 9.4kVE]
BT 208pA) FHFE A7HE W 800mSv/h A
o] Adge ¥ + Utk 3 BARE 771 H
B AEE 9 o5 ASS FAsIT w2 AT
ol A At x~ray tube?] oV 2] Bxol Mk EAJL AF

S35k AFel vs Ads EMo] gla-S st

o
4.

-r

V.

k0

EMF=E x—ray tubeS /I3 BAE AL
Qo] 12kv oJ3lolME A4 x-rayTt FEAEQT
et

A x—ray ] AL ARl vFst IALS AlFol
Higsts AoE dajA 9la, & Ade] Ak ojet &
AAE SRlstyT}, AU BAF| E x-ray?
ofyx] £x 9 7w, 23 THY ohE dulate] ¥
St g3 A} 2 dAjEiglet, B3t A7 &Y A2
HE, IR TALY = AFE 45T 5+ = 4
< Zohd 4= QIoith B x-—ray= THYo] 12kvol AR
B WL, ¥ L;-lineo] THE|QT, 16kVOAFEE L~
line7HA] WA=}, 2+ emission line?] oz &7
gkt 2 dx|stsict, 4838 HAR photoionizer} Bl
g+ A3}, HA} photoionizer?] IHY0] 9.4kV S Yobd
T UL, AR HAR) ARG B Ho] YEAld Sk )
& SRISH. ol AT RE, £ A-tolA AL
x—ray tubets GBI ¢+ UL WF FH3| <3 EA

& 7T e BT,

O

il

D=3

[1] X-rays in Theory and Experiment. Arthur H.
Compton 1967 D.VAN NOSTRAND COMPANY, INC.
p89

[2] United States Patent 4,034,251 July 5, 1977.

[3] Comprehensive Analytical Chemistry Volume XXIV
G.Svehla 1989 ELSEVIER p70.

[4] Analytical chemistry H. A. Liebhafsky 1972 WILEY
INTERSCIENCE plé.

309



< Research Paper> Journal of the Korean Vacuum Society Vol.16 No.4, July 2007, pp.305-310

Development and Characteristics of the Soft x-ray transmission W-target tube

Sung-Soo Kim' and Do-Yun Kim?

'Dept. of Techno-marketing, Mokwon Univ. 800 Doan-Dong Seo-Gu Daejon 302-729
VSI CO. LTD 461-34 Jeonmin-Dong Yuseong-Gu Daejon 305-811

(Received July 5, 2007)

The x-ray transmission W-target tube was developed and its characteristics were evaluated.
The continuous x-ray was emitted at the tube voltage less than 12kV, and the characteristic
x-ray was emitted more than 12kV. From the measurement of the energy distribution and
dose of x-ray, it was confirmed that our results are a good agreement with the known ones.
Moreover, in comparison with commercial x-ray tube, it was also found that the characteristics
of our x-ray tube is better than the commercial one. Therefore we confirmed that the x-ray

tube developed in this study is so good that it can be commercialized.

Keywords : soft x-ray, W-target, x-ray tube, transmission target tube,

electrostatic neutralizer
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