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Six grazing incidence monochromators are currently being installed on beam
lines of UVSOR. They are a Rowland circle monochromator, a constant de-
viation monochromator with spherical gratings, two types of plane grating
monochromators and a grasshopper monochromator. Except the last one, they
were designed by the UVSOR facility. The present report describes the prin-

ciple and characteristics of the UVSOR-designed monochromators.
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Fig.1 Optical design of the 2.2m Rowland circle grazing incidence
monochromator. S;. S,: entrance and exit slits. G : grating.

Mo« M;. Mjy: pre-mirrors.

M. My : post-mirrors. O :source

point. Q : sample position. OM, =2167 mm, MM ;=5800 mm,
M;M;,=628 mm, M,$,=980 mm, S,M3=50 mm, M;M;=609.1 mm
GN=61.2 mm and NQ=2215 mm,
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Fig.2 Dependence of incident angles and reflectivi-

ties of mirrors Mj; and M, on wavelength.
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Calculated size of monochromatized beam at
sample position in the case of 2400/mm grat-
ing. a) horizontal width. b) vertical width.
Thick and thin solid lines represent the widths
in the cases of 10 g£m-10 gm slits and 100
pm slits, respectively. M,(1) and M,(2) are
used in the 2—10 nm and 10-20 nm regions,
respectively.
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Fig.4

Side view of the 2.2m Rowland-circle grazing incidence monochromator.

01 : entrance slit, 02 : grating, 03 : table of exit slit and Mj; mirror, 04:
exit slit, 056 : M3y mirror, 06 and 10: half angle mechanism, 07 : Rowland
circle guide rail, 08: bar facing exit slit perpendicular to the monochro-
matized light, 09 : bar connecting 03 and 13 tables, 12 : My mirror, 13:
table of M, mirrors, 14 : linear guide rail and 15 : rotary motion

feedthrough using magnetic fluid.
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Fig.s  Output spectrum from the 2.2 m Rowland

circle grazing incidence monochromator
using a 2400/mm grating, taken by a nude
type photomultiplier with a Cu-BeO cathode.
M, (1) mirror was used.
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Fig.6 Photoelectron vyield spectrum of

KCIl around Cl-Ly; egde, obtain-
ed by the 2.2 m Rowland circle
grazing incidence monochromator.
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are fixed. A spherical

incident beam,

The grating is rotated by an arm GL,

Optical design of the 1556°
An entrance slit S; and an exit slit S,
grating G moves along the
together 'with a plane mirror M.

contant deviation mono-

the end L

of which moves on a linear cam AB.
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Fig.8 Relation between the rotation angle 0 of the grating and the distance

r from the entrance slit to the grating or the distance r’

from the

grating to the exit slit under a condition that the sum of r and r’
is constant. Wavelengths shown were obtained for a 2400/mm grating.

The Rowland circle condition is satisfied at 10 nm (50:3-178)~
For comparison, r and r’ in the Rowland circle mount are indicated,

marked by a subscript R.
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Fig.9 Schematic drawing of the 155° constant deviation monochro-
mator including premirror and postmirror chambers.
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Fig.10 (A) Arrangement of mirrors in the premirror chamber and (B)
lineup of the undulator beam line. S; is the long straight sec-
tion into which the undulator is installed and B3 is the bending
section from which bending magnet radiation is obtained. |:
premirror chamber, 2: grating chamber, 2: postmirror chamber.
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Fig.11 Intensity distribution of the first harmonic
emitted from the undulator, obtained by using
the 155° constant deviation monochromator.
The slit widths are 100 gm. The gap between
magnets in the undulator is 33 mm (K=1.28)
and the electron energy is 750 MeV. The higher
harmonics were cutoff by an aluminum filter.
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Fig.12 Absorption spectrum of Kr gas obtained by the 155° constant
deviation monochromator equipped with a 2400/mm grating.
The transitions shown are 3d—np (n =5).
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Fig.13 Transmission through the absorption cell obtained by the 155
constant deviation monochromator and an electron multiplier
with a Cu-BeO photocathode: (a) without sample gas and (b)
with Kr gas at the pressure of 1.179 torr. The region scanned
with a 1200/mm grating was from 0 nm to 52 nm. Higher order
structures of photoemission peaks of BeO around the photon
energy of 100 eV can be seen up to the 5th order and those of
absorption bands around the photon energy of 92 eV are seen
up to the 3rd order.
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Fig.14 Optical design of the PGM 1.
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Fig.15 Schematic drawing of the PGM 1.
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Table.1 Designed parameters of optical components for the plane grating monochro-
mator |
SomPO ™ | B () (mm) | R (1) (mm) | Coating | ,n5i(rnY | atng” A1 Heveleneth
M, 63381 63381 Pt 86
M, 78443 78443 Pt 81
Moy o 10228 Pt 81 G, :15.9 8-15
Moy 0 9010 Pt 78.5 G, :20.3 15-30
Moy 0 5565 Ni 67 G, :39.8 30-60
M oo 3179 Pt 38 Gy : 80.2 60—120
Moy o 3179 Al/MgF, 38 G, @ 177.2 100-650
M 259.7 4885 Pt 81
G, 0o 0o Pt 1200/mm 6 blaze = 3.5° 8-120
G, o o Al/MgF, | 450/mm 0plagze = 2.9° 100-650
F o i< 3 — b LIoobmB FHEE A H O CRIGE L 7 fEs
L ()75 SR A A BU16BUIC R 9 BT & SRotss
: G2Ma DfAELEICBVTHT LbRITEHI DDA
- 7 MBI ARE S, BT G-Myu OflAEDE
= DEIMEL, 90nm FEELHEIHICTE < 15 - T
z | - Bo T3 74 A NORTETIES U R %
zo1- I RIE L 7R, 2 Y o 168 500 pm THEFE27TmA
= F G Mgy DB, MEETOMETTEE 113 2% 10" p/s THH T &
< 7o 45720 He, Ne, 0, 75 EDKUIKDRILA <7 |
= | Wi R KCL 5204 & VRO RBEF 2 <7 b
o S 5B IREE AN Ut IEEFEEA 230 nm 5
001 o B0 ° 13.5 nm O TR/ Fiig AR 13 0.015eV 55

Fig.16 Spectral distribution of the output
from the PGM T.
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Fig.17 Optical design of the PGM 1.
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Fig.18 Schematic drawing of the PGM I and calibration chamber.
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Table.2 Designed parameters of optical components for the plane grating monochro-

mator [l
Com™ | B(h) (mm) | R() (mm) | Coating | 24 G0N | JnE ) [ HEMED
M, 50436 50436 Pt 87.5
M, 134072 134072 Pt 87
Mg 22929 22929 Pt 87 G, 1.8-3.5
My 17079 17079 Pt 84.5 G, : 3-6
My, o 12953 Pt 82 G, : 8.6 6—12
Mys o 12953 Si 82 G, 1 18.0 10-12
My, o 6680 Pt 72.5 Gy : 258 15—-30
M s oo 6680 Si 79.5 G 1 53.9 2754
Mg co 3352 Ni 50.5 Gj @ 1121 50—-110
M; 47 17801 Pt 87.5
G, co 0 Pt 1800/mm laminar 1.8-6
G, 0 o Pt 1200/mm  fplage = 2.0° 6-20
G, o 0 Pt 800/mm fplage = 4.0° 15-110
. ; : : ‘ :

é Gz M2

3 G3-Mps

:OAS— 4

g

2 "Gy -M

§ 7 ? 03-M2¢

T TNWAZXYF 2 VN=DA £ VERDKE X
D5 HELDBELSRY S, ZOERRY 5 b
iE 30 pm, IR 100mA D
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Fig.19 Spectral distribution of the output from
I measured by Al

10° p/s TdH » 720

JERRIBRR > O

the PGM

diode.
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Fig.20 The resolution of the PGM 1 for

various combinations of grating
calculated by ray
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case for slit width of 0 and 50
©m, respectively.
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tracing analysis.
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Fig.21 Expanded spectra near the absorption edge of the elements of detectors. (a) was

measured by electron multiplier with NaCl photocathode,

and show the exciton

spectra near Ly edge of Cl. (b) is an absorption spectrum near Ar My edge

measured by the ionization chamber.
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