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Design and measurement of a portable ionization chamber
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Abstract: A portable ionization chamber mainly used to calibrate the wavelengths and investigate the
resolutions power of beam lines was designed and developed in this paper. the vacuum and optical
properties of 1 pm thick C;Hs and 0.1 pm thick Sis N, windows were researched, the experiment data
show that transmission rate of C;H; is about 80% at 5 nm and Si; N, filter is 15% at 7 nm, both of
them can support 100 Pa pressure. The curves measured in physical surface beamline and MCD beam-
line were also given. It concludes that the performance of this portable ionization chamber meets the
design demand of user.
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Fig. 1 Structure of ionization chamber
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Fig. 2 Transmission curve of C; Hs filter with thickness 1 ym
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Fig. 4 Vacuum test system of filter

F1 BEAREE=MHAERNSKIBHE

Tab.1 Vacuum properties of filter

B AR AP R ELES SR (Pa) N

(GH-71, DL-7) (CPCA-110Z, k¥ K) it
6,310 ! i o
6.22¢10° 2 %
6.1X10" "1 12 Jy 100 V, fH
6.1x10°7 18 6517 % B it
6.8X10 7 30 RLEES W ]
6.9X10"7 50 PNGOE: N
7.1%10°7 60 H 0. 4~0.5

7.1X10°7 70 pA TR

APVAE YR ES S AR E 1~70 Pa i}, 5 EH 2
SRR B EET] DA EREAE 6. 6 X107 ~7.1X 1077
Pa, JIt DL 7 1) 25 B 25 1 A o€ 42 Wl 12 5256 19 156

4 XL R

P E T 2002 4F 6 HRIFEIL AUIE SR T
XHEPLEY SWIB LWL b T I8 50 8. 55/
A Keithley 6517 L T Hodie /o3 B
9101 AL B G EE D N A TR A 1000 VOB
el s o 6517 A HL AT T A5 A9 AN TR HL IR 0. 01
pA ZEAT AW AR T 1 P A A IR AL R AE . 2
PR A A I HL AL 52 2 I BE ) L B 5T M 4 3k
R R ™ AR AR e 8l . A UM T 5 R Jo
TR AR . &5 gy Y 27 A 3T RN
5 7 A5 b B IE f R T X AL SWIB SR 4k b5k
P 00 755 ) 58 8 1) 325 5 R, Ol % B AT LU HEE
fH £ 5 S0 il 4R B — B . R i T2 3
JEHRER I3 HE A R S Ar I 2R R
G s BG4  Se I 2 B 2E e B
T T IR S S B B T JRE A 2 S A
(. BHIE 2R AR AR B 1 o, SEPRA S R
SR N T 1 o SR 2 B0 A T H{EL

09}
S o8}
S 0.7}
2 06t
= 05}
g oal « Sample2#
g ool ASample3#
g 0'1> OTheory curve
‘F 0.0> %"""‘mmmmm

35 40 45 50 55 60 65

A/nm

Bl 5 STEIRNAR A 27 RN 37 RN IR 1Y B L R ik
L5 MR & R
Fig. 5  Comparison of measured transmission of

sample 27 and 3% with theory curve

P 6 iR & B B AE A, SR [l SR R 58
TR EEHZ . PP B DI B E T
PEHUEELE 30 V 22 A . 24 TAE R R
T 10 V ik e gl B B A RO il 2l TR B
WHCRBLAE 30 V I HLIEAE AR - BA S B
BT HEEA B e R RIS .



354 L R TR 1%
J 050
—A—A-A—4 L

< ol EEE 0.45 —theory curve
< - 2 040  measured
= B A e = ] 5] casured curve
= 5t = 0.35
§ ]! 030
E 2025
g 3t —a—Energy 200 eV, Beam current 109 mA g 0.20
= Working gas Ar,, loning chamber pressure 109.5 Pa 2 0.15k
g 2t —e—Encrgy 200 ¢V, Beam current 100 mA § : )
= Working gas Ar, loning chamber pressure 90.8 Pa = 0 1 0
o 1t —A—Encrg‘) 200V, Bc;m‘| current 98.5 mA 0.05F

ol ‘ Working gas Ar,, loning chamber pressure 122.5 Pa 0.00F ) ) . ) ) ) )

3530~ ¢0~ 80100 8§ 10 12 14 16 18 20
Alnm
Bias voltage/V
B 6 Ae AT K8 SiyN, B et EAS p s i ARl 2 5 8
6 A Ar, SJE 1 i £ . . .
’ LR LA

Fig. 6 Plateau voltages at different Ar, gas pressures

B 7 B AR Are 0 BEUE AR E AL OF
JEE 52 AR AR B 73 B A< 10 R o BE B 41 il [ A
240~260 eV, i Ar T35 B AT DL e S EEA
EIEAER

—=—wave1=240.000000 wave2=260.000000 stepnum=40

1.4X107
anetteng
<\: L s
= 7
o s "y
E 12%x10%f /
= /
=
8 i /
k3] W Beamcurrent: 114.4 mA
o) g Ion chamber:30V,109.7 Pa,Ar
@] 1.OX107° i'l (try to calibration energy)
p?

240 245 250 255 260
Energy/eV

B 7 H Ar, SiEdRE RE R Rt 2k
Fig. 7 Calibration of energy scanning curve by using

Ar, spectra

K8 FT 7 i 2 Sis Ny B 78 6 15 58 4 b o F
TR LR A 1 35 AR 2k 5 B (E Y L
B PR LA T I R TP AT 2 T B LR R
SRS L A (R R o Il e T R R TR Y
7RI REL R T 25 52 W T 0 {0 P S A T B0 i
A AR BB SRR . BT 2EDE
SRR A5 T RE B A A B G OB B B A R
R HINAE T 7~20 nm i Sig N, % 1) 2 i
A JE PR A S R TR E AT

2003 4FJIE I 2004 AF49) [ 52 7] 25 4 A9 52 9
P14 242 THT 49y B SR 2 R A P T 0 Dl TR R e
BT st MO F S 0 ) B AR X
OGN SL I AL B . 1 e AT I Y 2 3
Pr B AR . I T O o P e 2R TN 0 B L (L
S VA R TR A B R TR I T [ 0 Ol B R T

Fig. 8 Comparison of measured transmission curve

with theory curve of Siz N, filter

RAE Ty %L, H AR SR 5 B 2R CR M B 2 B
T FRRL AR B o o A R L AT BB R TR
PR P 0 R ) AT T B TR B A e A sk
B M A . DU SO Sis Ny i H 4k 2L
HATER L AR . S, N, B R, SCIRE I
[FFERE K52 100 Pa 1 7. 9 Bt 7 J2 1 1 1
TR SR B Ar JOE B, TAEE T
25 Pa K 0. 02 nm B (0 25 A B Bk 4% 58
R 0.03 mm, H 458N 0. 01 mm, [E 10

5.00E-011p
< 4.00E-011f
5
£ 3.00E-011f
51 /Skr pressure 25 Poao2
tep=
S 2.00E-011f Beam current—197;
Entrance_slit=0.03 mm;
Exit slit=0.0
1.00E-011+ xit slit=0.01 mm
243 244 245 246 247 248 249 250 251 252

Energy/eV

19  NSRL MCD St 54k i B9 = 75 ) ik 26
Fig. 9 Curve measured in NSRL MCD beamline

3.40E-010F ¢ M=24.08 mm slit width<0.04
JH § stp 0.001(50 Pa Ar)2 order
P 3.20E-010f , Il 2004.1.4 10:50(46 mA)
S it

E 300E-010F i
=) % ]
3 2.80E-010f 3
S z

2.60E-010} |

2.40E-010

244 245246 247 248 249 250 251 252
Energy/eV
5 10 NSRL 2 i 4 B 26 H 55 = I 45 19 35 4k
Fig. 10 Curve measured in NSRL physical surface

beamline



%3

JEIHEZE L A5 /NI SR 1 B AN I U 5

355

JT 7 2 2% 1H W) 3O R R S 15 B Ar Rk
KL TAEE F1 R 50 Pa  FH§ 4 K 0. 001 nm, H
PEPRBEGEE N 0. 04 mm, X P A6 I LR I o P
AGUERTE 1 000 DL F L K A HERR B2 4F 70, 1 nm,

X BHEOE bR B B 2R . R R R
PRI Wi B A L LA 5 AR TAC IR LS 5 A2
0% I A7 TR) 25 8 53 e 3 2o i e WO R B RV AR T b
AEHLIR 2 10° ~10° £, % A B % 7E [H &K [

5

PEREIA BN BT M 20K . R B B = RGAT

A5 S 5 B % T LS TR R P [ — 0 R
LRI B 1 O B A B bR RE AN 23 R
IS RAR G . 78 SRS R % R o 2
20 R U < 1 K S iy TE I R U I 7 4 4 L
HBTIRIHE.

% it

TS S 7R % T B8 Bl /N B A R

G RERIB AT Y ZE R L I 16 A P I 7 G i

S E 30 HK:
(1] Zgm % Lz, 808%, A48 £[M] Jbat. 5 7f8 AL . 1997.

[2]

(3]

(4]

[6]

[7]

(8]

[9]

AN J G.QING SH Y.WU H F. Gas pressurized ion chamber[ M]. Beijing: Atomic Energy Press, 1997, 53-75.
(in Chinese)

AWK, SR X H & AR & b B RERM BB LLD] . JLaE . PEB2EREHFRAER, 2002, 131-152.
ZHAO Y D. The study of synchrotron radiation beamline out put characteristics and detector in extreme ultravio-
let & soft X-rays region[D]. Beijing:Ph. D Thesis,Graduate School of the Chinese Academy of Sciences,2002. (in
Chinese)

KOCSIS M, SOMOGYI A. Miniature ionization chamber detector developed for X-ray microprobe measurements
[J]. J. Synchrotron Rad. , 2003,10, 187-190.

KAMETA K,KOUCHI N, UKAI M, et al. Photoabsorption, photoionization, and neutral-dissociation cross sec-
tions of simple hydrocarbons in the vacuum ultraviolet range[ J]. Jowrnal of Electron Spectroscopy and Related
Phenomena ,2002, 123, 225-238.

PYZYNA A M,MCPHERSON A,SHASTRI S D, etal. Design, construction, and testing of a rarefield-gas ioniza-
tion chamber[ EB/OL]. Advanced Photon Source. Argonne National Laboratory, USA. www. aps. anl. gov/xfd/
communicator/ user2000/haeffnerdl. pdf.

The ionization chamber is a detector that operates in the ionization region[ EB/OL]. www. tpub. com/doeinstru-
ment/ instrumentationandcontrol52. htm.

NARIYAMA N, KISHIB N, OHNISHI S. Development of a portable free-air ionization chamber as an absolute in-
tensity monitor for high-energy synchrotron radiation up to 150 keV[J]. Nuclear Instruments and Methods in
Physics Research A. 2004, 352 . 424-331.

BOLOTNIKOV A, BOLOZDYNYA A. DEVITO A. Dual-anode high-pressure xenon cylindrical ionization cham-
ber [J]. IEEE Transactions on Nuclear Science, 2004,51(3):1262-1269.

B B R, 5 e, . AL DR R R B (T ] A% M T42,2004,12(5) :480-484.

XIU S,SHAO J H,LU Q P,et al. Reflectivity measuring device in the national synchrotron radiation laboratory[ J].
Optics and Precision Engineering ,2004,12(5) :480-484. (in Chinese)

[10] $gker, RAR. MK, H SiOGHE ZHMERER X FLIEMLET]. o3 #% T4£,2004,12(1) :118-121.

CAO J H,NI Q L,CHEN B. Calibration of soft X-ray detector[ J]. Optics and Precision Engineering ,2004,12
(1):118-121. (in Chinese)

EE RN B2 (1963 —) A A0 T BRI b [ b2 R IR 2 [ 5K T 200 i S 0 38 2 o 4 T AR O » 2 B2 A 5 ) 20 i Dl

TP AN T B R L R AR



