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A beam line for radiometric calibration has been constructed at BL. 5B of UVSOR
facility. The beam line was designed for the calibration of optical components, detectors,
and spectrometers for plasma diagnostic devices in the VUV and soft X—ray spectral

regions. It consists of a plane grating monochromator and a calibration chamber. The

calibration chamber is equipped with a differential pumping system and a reflectometer.
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Spectral distribution, higher order contribution, and resolution of the monochromator
were measured by experiments on photoemission and photo—ionization of rare gases
and various solids. Some applications for the characterization of multilayer reflectors

and channel electron multipliers are demonstrated.
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Fig. 1.

Schematic view of BL5B.

Table 1 Combinations of gratings and mirrors.

Grating Focusing mirror
Wavelength
(nm) Grooves (/mm) Deflection Number Incident
(Blaze angle) angle () angle
1.8— 3.5 G, 86.5 M,, 87.0
—— 1800
3.0~ 6.0 (0%) 86.5 M,, 87.0
6.0—12.0 G, 81.5 M,, 82.0
—_ 1200
10— 20 2° 72.0 M,, 72.5
15— 30 M 82.0
G 81.5 23
27— 54 800 72.0 M,s 72.5
40
50230 50.0 M,s 50.5
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Fig. 2. Cross sectional view of a calibration chamber.
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Fig. 3. Mounting positions of a goniometer.
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Fig. 5. Output spectra of the PGM monochromator measured by (a)an

Al photodiode and (b)a double ionization chamber.

MEONE140m, £ 3IH200mTH %, s
WOBBHIEIZE, )y 7REB (6 ) ZHUL
T, BRSO EITEMESZ1T-> T\ 5, Hthden
FOAUBEFOVEAZRDE 2BDRY v M,
NHE S IIDEWICE ->TED, BIARETH
5, I DI, EFOMBIRILF—2EELT (=

FIF—ERE e —EIC L) HIETE 5K 91T,

WHEIOBMEZRZICL, 2MOE Y v FE
FFoNAEEIT L, 1220, BERNHEGEE
B U LT b, #hEHE, XU v ASSUS
3107, g7 = nAEEH L, RS
& I bor(BHEFEFD Z AW, Hirdse
K3, EX0. 254mORER Y — )L F#(CONETIC
AA, Perfection Mica Corp.) TE-72, IO
CMA 2T =A X =7 —ZHEL, ZOHln
SR OYHhIzHR 2 L HICHE L, HREAD:
DDA T (1L.25me X0.1t) 13, BN
OZ2CMA OfSEDIL F5m) 12, L
b3 T OHE A EEICHKE L, HEFR
HEROZERMILEND 2015 5 X I Bl
HFERTFFHMO—F & LT, ZREREE(24d
=6 —22nm) DOEERZHAE L7z, mHEFICE,
2 IRBFIEMEE & PEHEE 2 AV 1o, HplEHK
BEFEOLDTHD, BMRY ToEL VR
(BEX 1ymbsW0Wd4um) ZHNTVWSE, 0D
AETI, KEEORCREEZEMNIT 57020
2, I=A A — 5 — DAk A EE EKEO 2 @E

DDFBERBTIT->7, #->T, TNEHNSR D
fRIAE &SRR IRE & ETThD, KEER
D p RSB LT s ODEEICHNST 5, 1z,

BHERORERIECEL T, 7 hovicon
T, EEER &R LN SR E R D - 7

3./ 2

Fig.5 32U v MEO umiZHIF 5, Hltan
72SR HDHE L EDBEHRE R, a) E7+
N AA—=NR, b) IIBEEFETHIE LIERTH
%o BETTIRG I EMoo, Mo DFLAEDLET?2
— 6nmEAN—FT B LI > T, DR
RE®, 0IRNDBALEDHE TG, DHREL AR+
PThH-Ttewd, GORODICG . ZHW TV A,
Dy, HEEMAER (<4nm) OHNKIEF0
RHDBANZE , BHIEFORBENNLETDH 5,
G ATd AR ARY PILD T U —XEEIdHE
BEEONEOEREMY 7 ML TWE, ZRY
ML RSN A WVIEE L, EECRIE
DHERR TR OBIHICHR T %, Fig. 5 b) i
BT, Gs—MasidAr T, fthidNe 2 HW\WTHI
ELTED, itz EHED 2 BOIA A Bl
MNEDERL, i.LDRDLNB,

L= P/ i) (2)

TRE L/, BREOEHFSE 2IRA A AUHVEE



BEHE H2EHELS

Photon energy ( eV )

200 ‘ 20
(a)
2
=]
o
5
=z
Z 9k
c
a
e
86 60 B¢ 52
Wavelength (nm)
(a)
Fig. 6.

1989F11A 19

Photon energy (eV)

15.6 15.8 . 16.0

R (b)
2 b
c
2
o
i
Z 2
@
c
(L’
G

() I L i L

79 78 77
Wavelength (nm)
(b)

Expanded spectra near the absorptiion edge of the elements of

detectors;(a) was measured by an electron multiplier with NaCl

photocathode and (b) is an absorption spectrum near Ar M,,

edge measured by a ionization chamber.

T BEAI1213, SROHEEE (photons/s)
3l =1i/e (eldFEER) TERINB> P, HI
B, Gy~ M. DIAEDOE T, HEOnm, £—
LERIOmMAIZHIT S 7 4+ b o HIF 2 X10'%/s
&35,

Fig.6a) 5XU'6b) i3, ThTnETH
&% OLER : NaCl & BEEF TRIE L7 A%
VRIVEBED AR ML THB, 6a) i3, Cl
— Lo, o IR A RE U 22 BT ©° — 27 EXHRIRIY
IntEE (XANES) 2R3, 6 b) FAr o
P sk Py DB WEIZEHN B HEEEE R
7 MLVTHBY, 6a) 6b) TNThOBEA
IZOWT, BEXLZONEEE (/A As) 13200
iﬁx%m&ﬁﬁénéoﬁﬁﬁﬁﬁ(mmw

. DRRREIRREHES D D Th BN, KEiHEE
ﬁ;ﬁ (6nm) TEHEMELLENMETLTWVWS,
Fio, HREEEIRRY v MEIE LT — 100 ym
DEFFTE LIS 572, 0L, PGM NS AN
2y DERHRIIENW EN D, DIREENETFE—
LDOKZFX (0.64%0.46mn?) THIBZN 570D
EEZO5ND,

Fig. TISCMATHRIE L7, Ne2plNLhi
DHREFARY MLTH B, K, EflOE—7
WIS Bl -7 2 istizk s h
TeNBFICHYT 5, E— 7 DEEE,SEOH

w
E GZ'MZZ 2L pm
0 L
£
85/
ra
= 0
IS
g |

O e »-"'.-u\-"““"“"."v. L ""-.4",_“‘.V‘W_A

28 30 32 78 80 82 84
Kinetic energy (eV )

:‘g GZEMZZ 15 nm
[
S |
25
o
Fal
2 |
[l
c |

0

56 60 6h 136 140 1hb 148
Kinetic energy (eV )

Fig. 7. Photoelectron spectra from Ne gases near
Ne—2p level.
ANERERKI 3 % THD, IhiR¥kDZERIL

MWD (~2X1m?) &€5borOAODKD
% (3mm¢) ZEIFTHEIN L0 L I3E—
LTW5b, Fig. TOXDWRARY bILZE, X6
RIS B RO EHTIE T SiEREOM A EGD

T LTRIEL, Y— 7 mEr R ERMmmES
THIELTl®tE 2itom@EE LTEL
DM, Fig.8 Th b, BEERICLBIIONT
LIRFEITH T 5 2 RIEDHENEMT 5 2 &,
G TRG::&D b, ENETNDEWTHEFAAH /N~



20 1989117

jy
=

N o GpMyp  1Ish

®GyMyy 2nd.
aG3Mp3 st
4G3Mp3  2nd.
A\
Q,
A
,o/‘N:\‘A
20

Wavelength (nm)

w

o7

N

a. )
A

Photoelectron infensity {arb. units)

30

I~

10

Fig. 8. Contribution of second order light in the

PGM output radiation.

40°

- o
T

(S
TalL L.

Reflectivity (%)

=
© =)

(=]

Wavelength (nm)

Fig. 9. Reflectivity of a Ni/C multilayer for s pol-

arization condition.
T BMRMEROEREMCET 5, 200t0FS
MREVWT ENDDN B,

Fig.9d Ni/ CZEE (2d=10.7Tnm) D
E#E % L —scan E— N THIE L7fITH 5,
R B HAETHRETH O, I A2 6)
WENMNTW B, [\l E— 7 )\Braggdethicxt
G LB STV B, Fig.101d, AS
JEIRE &R OBRE FIEEE TRIE L7 b D
Th b, HHETHEDOEMIZL D C — KRN

(4. 4Tmm) LOKEEEHMA (8.InmET) TRE
TDFBIIERTEREEZ TRV, Fi, K

Ot B2EHLS

w

Normalized intensity (x100cps/mA)
nN
-

/
)

o

Wavelength (nm)

Fig.10. Spectral distribution of incident radiation
measured by a proportional counter.

Wavelength (nm)

4 6 8 10
T
O s-pol.
o o p-pol. 1
i R |
g
=
2
E °
©
[+
k4
3
e 1lr N
0.1

20 40 60
Incident angle (deg)

Fig.11. Peak reflectivity of a Ni/C multilayer for

both s and p polarization. Solid lines re-
present values including the effects from

interlayer roughness.

PIRRTRDBE M S, HEADOTFS S 5 %2UAT
LEZ 515, Fig.1113Fig. 9 TA SN 5Bragg
IS T DORETEREZ ASHE I L TEE L b
OTH B, ZBEORNERp 13, FEEsER
WTE E 2 RN ET R Ro ZBRIOAEHX T
ME L, ®RATEFTIENTE S,

R,=R.exp[ —(27mAz/d)?] (3)

CITAz BREMHITI A v v I785 A —



WA H2EELS

> .06 Xe
19 o
8 Ne RN
S .,
5 04 B . . 1
I i, P ~ - -~
§ v*’
O .02 Ar

o , . .

40 60 80 100

Wavelength (nm)

Fig.12. Quantum efficiency of Ceratron by using a

rare gas ionization chamber.

ZTHY, mFLHOKRKTH 5, RFOELRI
REH S 2EEXE (Al-Ka) 359 555
RCTT4v74 7L (Az=0.68nm), K
WRDOY I ab—va ERTHL, HIERERE
DA—FOHEHRE LTid, Himl s Ol E&GEE
ENEZ 6N B, p RLAIEDE S, AStfA45°

FETIRREORICE D, KERVPFEE0FET
BLLTWE, 2OZ&ENnS, Fig.3DCOH|
EE— PSR OREEMEICEMNTH S LN D
ENDMNB, AERTIE, —RaONEN S HE
INBSR OE—LEPHRHEAERSTIC, £D
FEAENIYT, BREBZBOADITHFFHTRY v b
BRI > 7o BT AST 2SR OFREA IE
+5mrad ThH D, ZRED LK D EEFEDEL
LDDESRIMELVWERBLNEY, I5ITH

SRRED S AR PEWTE F 2 -l T 5154, #i
A TRIE T 255813 8 — L OREA 2IMZ
B EDMEITIL B,

Fig.1213, 7 bo v OBFHRIZIHONVT,
HNEEDRY v MEDE—DOFHETES ho v &
BEFEOHE N EHE TS LIl DRDIHOT
b Bo BHFEOMELRMITEAN X Ne D & &=
£/116Pa, Ar®& %5Pa, XedD& X 5PaTh
b, TNENOFHH ZITH LT 2IREEIEZ 5

TSV ESEE® (Ne : 35—55nm, Ar : 48— 75nm,

Xe : 60— 90nm) & - CTHIE Lo EHTIRTF &
%@ﬁ%@ﬁﬁﬂ%‘ébﬁﬁGa_Mzs;&ﬁﬁh‘flo Sl
forOBEITERTDH BTi ORI (Ti -

1989118 21

Mo, 5 : 38nm) BT, BFNROZHINK
&L, Ar EXe lTHT AENAZ S B AHEE
IZOWTI, BRtICk 3 IRBEIOF 5 D& W
NEZO5ND, RS Xe DENKEHTET
W3bDEEDbNG, 745 —FTEHRNER
ELT, BENETIZHLEND S, SEIORAET
3, I bov CRAETORSHEER <109
LEHEAE (MHIFRAE~10" photons/s) M E—%
HTHETE L1, —RARBDOZY v MG
ZHEMENICHIETE ABR Gum) FTR- 172
D, In7 4 )5 — % B 7RI i A 458 0D 135 a8 SR )
END, TOFRHETIIRY v MO SOHENRDOS
BENE10%H 5 2 ED0Dho1z. (5T, AEPE
FHRICXTE7MF 3 v 7 Lo Uh g
REEBABRBBLZRIET 254, BFIHRD
REEOEEEAED 572013, RIET 5EE
FEIEITIS U CEBERDOF HELIE X 11701824 75 R E
EMBEDT 4G —%ERTR10E, HFHERDL
WL v TR S R R T B oD, Sk
DYENKHETH 5,

4. BhYIC

S FEER R ATRG RS OEER R (UVSOR)
KRB SN TW3, EREFEMRETTE O
RIEHE—L741 > (BL5B) <BALT, #d
K & PERERHIE O BT DWW Tl N7, —IRHE
FRICEET A5 HROBELE LTI, AL &
¥ EFEEEHOBMET (G) OWE,
RIBEEOHERBRENET O, BARKEERD
PER & @RI B AR & SRRy
PRICEOIEED /- O#ES D DRBINLETH
Bo T, BRARBHE T —<ICHETE 5L,
B2OBIERBEZE#Y E—~LT514 O THRICHKE
THIEEHETTHE, COLIBE-LTA
v DHRER L&D 565 5, EBROKETTHISS,
EICEBMAEBICREIN TV S 75 X< hst
S L ORIRERIED T2 dD, FF VR T 7 —
DHEBBOFFR EMEHREAITY & & big, Bai



22 1989 11AR

HERTORHESEE, BOEHI#ED o A —
v POBIEICER L, #rLWT S X<t
KER DRI T T FETH 5,

E I

KRR AMED BT, E—L54 DR
HENCZ RO CEEATEW:, STRERERO
H ORI AR eI B L £ 9,
Fio, EBREBCNE DY S LB HIE
W7 TR AT IR A BRI O &
K s —ER I BB L % 9. SBIEOFHE
K2OWTHE, KRIRKRFHEETFORSEZE, HH
HBE, HNGEEE, FENEREENOKHALE
K 8#AREEZER BEGKRICES b oo OmRER
EIZOWTIE, NHEEEFROIIAER, miE—
BREICEH 2R L CIE, ERIC LN L TIE
EE L7, bbETESOBEAELET,

At H2EHLIE

&M

1) #&HE % EHEIES, BH—E& S g
W, BREE, UTILNE : e T 7 X<ERle
vy =BT EBRERH OB | IPPJ-DT-135

(1987).

2) J.A.R.Samson:J.Opt.Soc.Am. 54 (1964) 6.

3) E.B.Saloman and D.L.Ederer :Appl.Opt. 14
(1975) 1029.

4 ). T.Sagawa, Y.Iguchi, M.Sasanuma, T.Nasu, S.
Yamaguchi, S.Fujiwara, M.Nakamura, A.Ejiri,
T.Masuoka, T.Sasaki and T.Oshio:J.Phys.Soc.
Japan 21 (1966) 2587.

5) R.E.Huffman, Y.Tanaka and J.E.Larrabee:J.
Chem.Phys. 39 (1963) 902.

6 ) F. Wuilleumier and M. O. Krause : J. Electron
Spectrosc. 15 (1979) 15.

7) E.B.Saloman:Nucl.Instr.and Meth. 172, (1980)
79.

8) MERARK AR (1976).



