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A 2-meter grasshopper monochromator was installed and adjusted at 

BL-llA in Photon Factory, and performance tests were carried out. The 

usable photon energy range for the monochromator is 90 to 1000 eV for a 2400 
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1. Introduction 

Using synchrotron radiation (SR) as a light source, systematic studies 

on the optical proparties of materials in the vacuum ultraviolet (VUV) 

region have become possible. A monochromator usable for these studies has 

to satisfy requirements such as high resolution, high intensity, and 

ultrahigh vacuum compatibly. As a soft x-ray monochromator conformable to 

the PF 2.5 GeV storage ring, we introduced a 2-m grasshopper monochromator 

(Mark VII) from Baker Manufacturing Co., USA, last year. It was set up at 

station BL-11A. In this paper we will describe the installation at beam 

line 11A (BL-11A) and report the results of performance tests for the 

monochromator carried out during machine time last year. 

2. Monochromator 

2.1 Optics 

The "grasshopper" is a sort of Vodar-type monochromator. The scanning 

principle was reported previously by Brown et al. '. It can be summarized 

briefly as follows: The optical system of.the grasshopper monochromator is 

composed of a pre-mirror M,, a plane mirror and entrance slit combination 

(Codling slit) S,, a concave grating G, and an exit slit S2, as illustrated 

in Fig. 1. These optical elements are shifted along a Rowland circle 

pivoted about the exit slit S-. Figure 1 shows two positions of the 

monochromator, scanned for a wavelength X (solid line) and for zero order 

light (broken line). The three elements M,, S,, and.G translate together 

with the wavelength scanning. S, is made to direct the incident light beam 

onto G by the use of a half-angle mechanism. On the other hand, the 

distance between S, and G is fixed, which means ^S^S-G is always constant. 
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Therefore G translates on a fixed line, and the direction of the output 

light is always constant, as indicated in Fig. 1. 

2.2 Scanning equation 

The scanning equation of the monochromator is expressed as follows: 

The distance L between Sĵ  and S2 is given from Fig. 1 by 

L = Rsin(o + 6), 

where R is the diameter of the Rowland circle, a the angle of incidence, and 

8 the angle of diffraction. Using the grating equation: 

X - d(sina - sins), 

where d is the grating constant, we obtain an equation for L as 

L = R{coso(sina - -j) + sina A - (sina - -j)2} , 

As will be shown later, wavelength calibration with the above equation was 

carried out using results of gas absorption spectra. A change in L is equal 

to the change in a driving distance for the grating chamber. This distance 

is always monitored using a Heidenhain linear e.ncoder attached to the 

grating chamber. The reproducibility of the relation between the 

wavelengths and L was ascertained to be high within the resolving power of 

the monochromator for slit widths of 15 urn. 
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2.3 Optical elements 

a) Deflecting mirror (M-) 

SR from the storage ring is deflected by four degrees horizontally with 

a plane mirror M_ located 10.8 m from the electron orbit, as indicated in 

Fig. 1. Mn is a 40-cm-long silicon carbide (SiC) mirror coated with plati

num. On the MQ mirror, radiation of wavelengths_ longer than those for hard 

x-rays is selectively reflected. Thus, the VUV light beam is directed to 

M. mirror at a distance of 23.5 m from the light source. The deflecting 

angle and the position of MQ are precisely adjustable using a goniometer 

with driving motors, the steps of which are displayed on the control panel. 

Although the direction of the SR beam sometimes shifts, this effect is 

correctable by adjusting M„ while monitoring the output with detectors 

downstream from the monochromator. Details of this system will be reported 

by Koide (KEK) et al.2'. 

b) Pre-focusing mirror (M.) 

(̂  is a concave gold-coated quartz mirror located at a distance of 

23.5 m from the electron orbit. It is 30 cm in length. It images the light 

source onto the entrance si It S*., 50 cm behind it. Adjustment of the 

focusing is made by the use of fine-adjustment screws from outside the 

vacuum. The angle of incidence of the light beam with respect to the 

surface is 2 degrees. Thus, the vertical dispersing angle of the incoming 

beam intercepted by Mj is 3 0 0 ̂ S Q Q 2° = °-45 milliradian. The FWHM of the 

vertical angular distribution of the photon flux from the 2.5-GeV PF-RING is 

about 0.5 milliradian in the VUV region. The radius of curvature R of the 

surface is obtained from 
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1 , 1 - 2 
-2X3~ + 1 T 3 ft cos 88° • 

The calculated value of R is 28.1 m. The nominal value of the furnished 

mirror is 28 (±0.5) m. Judging from the carbon-contamination pattern imaged 

on the holder of the Codling slit, good focusing by the M, mirror is 

realized. 

c) Entrance and exit slits (S, and S~) 

S, is a mirror-slit combination. The mirror is a gold-coated planar 

quartz blank. 

The grazing angle of the incident light with respect to the surface 

changes from 3° to larger angles for a wavelength scan from zero order to 

lonper wavelengths. This is effective not only in maintaining high 

reflectivity at shorter wavelengths, but in suppressing high-energy higher-

order light at longer wavelengths. 

Initial adjustment of the minimum slit width was carried out cau

tiously. The slit width is adjustable in situ from a few \im to 400 pm by 

using a linear feedthrough with a micrometer. The change velocity of the 

slit width is 4 urn per smallest division of the micrometer (10 ym). We 

always move the micrometer from higher to lower numbers to avoid backlash. 

The mirror of the Codling slit has a tendency to be contaminated with 

carbon along the slit edge, on account of the intense focusing. But the 

contamination rate has recently been much lower than it was before owing to 

the lower pressure of the monochromator. If the mirror is contaminated 

after some beam time, we rotate it in the surface plane by some degrees to 

avoid the contaminated area. The minimum width of the mirror-slit S, is 

also adjustable by a set of screws pressing the mirror surface against the 

slit jaw. The adjustment should be done cautiously so that the jaw 
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c) Entrance and exit slits (51 and 52) 

51 is a mirror・slitcombination・ Themirror is a gold-coated p1anar 

quartz blank. 

The grazing ang1e of the incident 1ight with respect to the surface 

changes from 30 to larger angles for a wavelength scan from zero order tロ

lonrer wavelengths. This is effective not on1y in maintaining high 

reflectivity at shorter wavelengths， but in suppressing high-energy higher-

order light at longer wave1engths. 

Initia1 adjustment of the minimum sl it width was carried out cau-

tiously. The s1ft width is adjustable in situ from a few ¥1m to 400 ¥1m by 

using a linear feedthrough with a micrometer. The change ve10city of the 

slit width is 4 ¥1m per smal1est divisio'n of the micrometer (10 ¥1m). We 

always move the micrometer from hi9her to lower numbers to avoid backlash. 

The mirror of the Codling slit has a tendency to be contaminated with 

carbon along the sl it edge， on account of the intense focusing. But the 

contamination rate has recently been much lower than it was before owing to 

the lower pressure of the monochromator. If the mirror is cロntaminated

after some beam time， we rotate it in the surface p1ane by some degrees to 

a voi d the con ta州 latedarea. The 附lImumwidth of the mirror-slit 51 is 

also adjustable by a set of screws pressing the mirror surface against the 

slit jaw. The adjustment should be done cautiously so that the jaw 
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will not touch the mirror surface, and that the two are parallel with each 

other. 

The width of the exit slit S~ can be controlled in situ from zero to 

300 urn by the use of an external micrometer. The actual slit width was 

ascertained to be linear with the micrometer readings (2.0 urn/smallest 

division) using a microscope, 

d) Grating (G) 

Our Mark VII grasshopper has been designed for use with a 2-m concave 

grating at an incidence angle of 88 degrees. The mounted grating is a 

2400 grooves/mm gold-coated replica made by Hitachi Co.. It has the 

following specifications. 

45 x 35 x 10 mm' 
.2 

Blank size - "c • " •- ,n —3 

Ruled area 

Radius 

Groove density 

Blaze angle 

35 x 35 mm 

1999.5 mm 

2400 4/mm 

1.75° 
o 

The blaze wavelength for this case is about 17 A, which is in the shorter 

wavelength region for this monochromator, as shown later. 

We exchange gratings every 300-500 hours, if the output level in the 

short wavelength region becomes lower than half of the initial value, 

e) Optical filter 

In order to suppress stray and higher order light, 0.2, 0.37, and 

1.0-um-thick self-supported films of aluminum are employed behind a 

refocusing mirror, as illustrated in Fig. 2. The filters were made in the 

following way: The metal is evaporated and deposited onto a collodion film 

supported by a slide glass in an evaporation chamber. The evaporation was 

carried out as fast as possible {-v. 5 seconds). The evaporated glass was 
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The width of the exit slit S~ can be controll~d in situ from zero to 
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The b1aze wavelength for this case is about 17 A， wh;ch is ;n the shorter 

wave1ength region for this monochromator， as shown later. 

We exchange gratings every 300・500hours， if the output 1evel in the 

short wave1ength region becomes 10wer than ha1f of the initial va1ue. 

e) Optical filter 

In order to suppress stray and hi gher order 1 i ght， 0.2， 0.37， and 

1.0・um-thick self-supported films of aluminum are employed behind a 

refocusing mirror， as iJlustrated in Fig. 2. The filters were made in the 

fol1owing way: The metal is evaporated and deposited onto a collodion film 

supported by a sl ide glass in an evaporation chamber. The evaporation was 

ca rri ed out as fast as poss i b 1 e ('" 5 seconds). The evaporated glass was 

-5 -



dipped into isoamyl acetate, and the metal film was detached from the glass. 

It was then picked up on a 10-mm-I.D. nickel mesh supported by an aluminum 

holder. The 1.0 urn filter has proved to be effective in the energy region 

between 500 and 1000 eV. 

2.4 Optical alignment 

At first, adjustment of the monochromator was carried out before 

installation using a laser beam . It was then installed at the BL-l.^A 

station using a transit and an automatic level. Fine alignment of the 

optical elements was performed using the visible SR light beam coming 

through a glass window attached to the separation chamber before the mono

chromator (see Fig. 2). Adjustments for MQ and M, were made as mentioned 

before. The surface position of the grating was adjusted with precise 

screws on the grating holder so that the incident light spot was centered on 

it. The zero order position of the" monochromator was adjustable from 

outside the vacuum by means of an ami and a micrometer attached to the 

grasshopper's leg (see Fig. 2). By monitoring the output intensity of a 

photomultiplier 1P21 attached behind the exit slit S2« the angle and posi

tion of the elements MQ, M., S ^ and G were finally adjusted . 

2.5 Coupler 

Here we report an improvement made to the monochromator. The trouble 

was that an osc i l la tory pattern appeared in every spectra when the monochro

mator was scanned. I t s period was that of the rotat ion o f the pulse motor 

insta l led to drive the ball-screw. Lateral motion of the ball-screw, which 

was s l i gh t l y bent, caused an osc i l la t ion of the grating chamber on the order 

of 10 pm. In order to supress the osc i l l a t i on , we exchanged the coupler 

- 6 - -

dipped into isoamyl acetate， and the metal film was detached from the glass. 

It was then picked up on a 10-mm-I.D. nicke1 mesh supported by an a1uminum 

ho1der. The 1.0 pm filter has proved to be effective in the energy region 

between 500 and 1000 eV. 

2.4 Optica1 a1ignment 

At first， adjustment of the monochromator was carried out before 

installation using a 1aser beam. It was then installed at the BL-1.'A 

station using a transit and an automatic 1eve1. Fine a11gnment of the 

opti ca 1 el ements was perfonned usi ng the vi sib 1 e SR 1 i ght beam comi ng 

through a glass window attached to the separation chamber before the mono-

chromator (see Fi g. 2). Adjustments for MO and M1 were made as menti oned 

before. The surface positi.:Jn of the grating was adJusted with precise 

screws on the grating ho1der so that the incident 1ight spot was centered on 

it. The zero order position of the" monochromator was adjustab1e from 

outs ide the vacuum by means of an arm and a mi crometer attached to the 

grasshopper' 5 leg (see Fig. 2). By monitoring the output intensity of a 

photomu1tip1ier lP21 attached behind the exit slit 52' the angle and posi-

tion of the e1ements Mn， M" 5" and G were fina11y adjusted • 0' "1・l'

2.5 Coup1er 

Here we report an improvement made to the monochromator. The troub1e 

was that an osci11atory pattern appeared in every spectra when the monochro-

mator was scanned. Its per;od was that of the rotation of the pulse motor 

insta11ed to drive the ba1l・screw. Lateral motion of the ball-screw， which 

was slight1y bent， caused an osci11ation of the grating chamber on the order 

of 10 pm. In order to supress the oscil1ation， we exchanged the coup1er 
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between the ball-screw and the grating chamber with a new one, as illus

trated 1n Fig. 3. The vertical force due to the ball-screw deviation from 

straightness was reduced with two ball-bearings in this coupler. With it, 

the oscillatory pattern in the spectra was almost completely eliminated. 

3. Refocusing mirror 

The direction of the outcoming beam from the exit slit (two degrees 

.upward) is made horizontal using a refocusing mirror installed 560 mm behind 

the exit slit Sp. In addition,using a bending mechanism, focused, parallel, 

or a dispersed light flux can be easily obtained. Details of the mirror 

system will be reported elsewhere, but can be summarized briefly as follows: 

1) the bendable mirror is a platinum-coated 220-mm long planar Pyrex slab, 

2) the vertical size of the image focused near samples is about 0.1 mm, and 
q 

3) a vacuum level of 1 * 10 Torr is realized af ter baking at 200°C fo r 12 

hours. About half of the beam is intercepted by the mirror. Focusing by 

the mirror has proved to be good, as indicated by soft x-ray reflectance 
31 

measurements carried out by Yanagihara et al. '. On the other hand, 

horizontal focusing can not be accomplished using the installed planar 

mirror, because of the grazing incidence angle. Thus, the usable beam is 

0.2 milliradian in horizontal dispersion, when horizontal beam size at the 

sampl is 4.5 mm. 

4. Light-intensity monitor 

A monitor for the incident light intensity is installed behind the 

refocusing mirror, as illustrated in Fig. 2. It is composed of a Cul-

evaporated photocathode and a head-on type 16-dynode electron multiplier, 
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type R660 (Hamamatsu Photonics Co., L td . ) , as i l lust rated "in Fig. 4 . Cul 

was employed as a high-photoelectric y ie ld material . In addit ion, the 

photocathode is shaped to collimate the l igh t beam horizontally, as shown in 

Fig. 4. The horizontal beam size can easily be controlled from 0 to 6.5 mm 

by raising or lowering the photocathode with a l inear motion feedthrough. 

The electrons ejected from the photocathode are captured and amplified by 

the R660. The signal from the R650 is detected using a pulse-counting 

system, as i l l us t ra ted in Fig. 5. 

5. Evacuation system 

The monochromator is mainly evacuated using a 500-J./sec ion pump 

positioned under the separation chamber as i l lus t ra ted i n Fig. 2. In 

addit ion, a Varian 30-t/sec ion pump is attached to the top of the grating 

chamber to improve the vacuum level around the grating and the Codling s l i t . 

The monochromator is also evacuated using a 140-4/sec ion pump under the 

refocusing-mirror chamber through a 36-mm I.D. bellows. The monochromator 

is generally baked out at 60-100°C for 30 hours, while the ion pumps are 

baked at higher temperatures. A vacuum of 4 x 10 Torr is achieved in the 

ex i t s l i t region, hence the vacuum level in the grating chamber i s better. 

6. Performance tests 

'6.1 Photon f lux 

A spectrum of the monochromatized output behind the ex i t s l i t of the 

monochromator was obtained by observing the to ta l photoelectric y i e ld of Cul 

mounted' as a photocathode on a 20-dynode electron mul t ip l ie r , type R595 

(Hamamatsu Photonics Co., L td . ) . The spectrum is shown by a solid curve in 

Fig. 6 as a function of photon energies between 100 and 110O eV. The energy 
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type R660 (Hamamatsu Photonics Co.， Ltd.)， as fllustrated in Fig. 4， CuI 

was employed as a high-photoelectric yiel~ materia1. In addition， the 

photocathode is shaped to col1imate the light beam horizontally， as shown in 

Fig. 4. TI淀 川rizontalbeam size can easi1y be controlled from 0 to 6.5 mm 

by raising or lowering the photocathode vJith a linear rnotion feedthrough. 

The electrons ejected from the photocathode are captured and amplffied by 

the R660. The signal from the R660 is detected using a pulse-counting 

system， as illustrated in Fig. 5. 

5. Evacuation system 

The monochl'omator is mainly evacuated using a 500-R.lsec ion pump 

positioned under the separation chamber as illustrated in Fig. 2. In 

addition， a Var1an 30・R./sec i on pump i s attached to the tロpof the grati ng 

chamber to improve the vacuum level around the grating and the Codling slit. 

The monochromator is also evacuated using a 140‘且/secion pump under the 

refocusing-mirror chamber through a 36・mmI.D. bellows. The monochromatロr

is generally baked out at 60・1000Cfor 30 hours， whi1e the ion pumps are 

"・9baked at hi gher temperatures. A vacuum of 4 x 10-" Torr 1s achi eved 1n the 

exit slit region， hence the vacuum level in the grating chamber is better， 

6. Performance tests 

6.1 Photon flux 

A spectrum of the monochromatized output behind the e.xit slit of the 

monochromator was obtained by observing the total photoelectric yield of Cul 

mounted' as a photocathode on a 20・dynodeelectron multiplier. type R595 

(Hamamatsu Photonics Co.， Ltd.). The spectrum is shown by a solid Curve in 

Fig. 6 as a function of photon energies between 100 and 1100 eV. The energy 
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was calibrated as will be described later. Although the yield of Cul is not 

constant with photon energy, this spectrum indicates the general features of 

the photon flux spectrum. Figure 7 shows the spectrum obtained by use of a 

gold mesh and a Ceratron (Murata Manufacturing Co., Kyoto), located behind 

the exit slit of the monochromator. A large peak appears at about 700 ev" (-v. 
o 

17 A) in the two spectra. The'blaze angle of 1°45' for the grating y ie lds a 
o 

blaze wavelength of 17-A at an incidence angle of 88 degrees. Therefore, 

the large peak is due to the blaze effect of the grating. The reduction of 

the photon flux in the energy region below 700 eV is due to the smaller 

number of photons in SR in the longer wavelength region. On the other hand, 

its reduction in the higher energy region above 700 eV is due to the lower 

reflectance of the mirrors. A large and a small dips are found at 280 and 

540 eV. They correspond to the carbon and the oxygen K-edge absorptions, 

respectively. The dips result from photo-absorption by contamination on the 

mirror elements. The reduction at the carbon K-edge reaches about 50 %. 

Dominant structures are seen at about 650 and 950 eV in the Cul yield 

spectrum. These correspond to the iodine^M. ,- and the copper L2 3-edges, 

respectively. 

The ratio between stray or higher-order light and the primary mono

chromatic photon flux was ascertained to be < 5 % in the energy region below 

300 eV by means of a photoelectron energy analysis for neon gas using a 

cylindrical mirror analyzer ' . The ratio in the higher energy region can be 

shown in Fig.6 by a straight line, which is extrapolated from the curve in 

the further high energy region. 

- 9 -
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number of photons in SR 1n the longer wavelength region. On the other hand， 

its reduction in the higher energy region above 700 eV 1s due to the lower 

reflectance of the mirrors. A large and a slTIall dips are found at 280 and 

540 eV. They correspond to the carbon and the oxygen K-edge absorpt1ons， 

respectively. The dips result from photo-absorption by contaminat1on on the 

mirror elements. The reduction at the carbon K-edge reaches about 50 %. 

Dominant structures are seen at about 650 and 950 eV in the CuI yield 

spectrum. These correspond to the i od1ne: N4，5 and the copper L2，3・edges，

respectively. 

The ratio between stray or higher-order 1 i ght and the primary mono-

chromatic photon flux was ascertained to be < 5 % 1n the energy region below 

300 eV by means of a photoelectron energy analysis for neon gas using a 

4) cylindrical mfrror analyzer~/. The ratfo in the higher energy reg10n can be 

shown in Fig.6 by a stra1ght 11ne， which is extrapo1ated from the curve in 

the further high energy region. 
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The photon flux at a wavelength of 50 A from the exit slit (15 urn) was 
a g 

estimated to be 10 - 10 /sec for a stored electron current of 100 mA using 

an Al-O, NBS photodiode. 

There is an aging effect in the reflecting elements. The broken curve 

in Fig. 6 .is the Cul total yield spectrum observed after 300 hours from the 

time when the previous spectrum (solid curve) was observed. The general 

feature to note is that the reduction in the photon flux is proportional to 

the photon energy. The result is reasonable, because absorption or scat

tering of light from the mirror elements increase with increasing photon 

energy because of contamination or damage. 

6.2 Resolving power 

In order to test the resolving power and to calibrate the energy of the 

monochromator, we measured photo-absorption of several gases contained in a 

gas cell using an R595 and a pico-ammeter. Figures 8 and 9 show the 

absorption spectra of the argon L2 3 (0.8 Torr) and the krypton M4 5 (0.4 

Torr) for a slit width of 15-15 pm. The spectral band pass is shown 1n the 

each figure. One can see small but distinguishable peaks due to the 

transitions from the L2 3 to the 5d level in argon. Also, in krypton small 

peaks corresponding to the transitions from the M« 5 to the 9p level are 

distinguishable. Figure 10 shows the K-shell absorption spectrum of oxygen 

gas (0.8 Torr) for a slit width of 3-3 pm. The 3 urn width was realized by 

monitoring the signal of the ammeter. The spectral band pass for the slit 

is shown in the figure. On account of the narrow band pass the structure 

near 540 eV can be recognized as two split peaks, assigned to the transi

tions of a Is electron to the higher valence orbitals. It is due to the 

high-intensity photon flux that the high resolving power is realized for the 
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The photon flux at a wave1ength of 50 A from the exit slit (15 ~m) was 
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NBS photodiode. 

There i5 an aging effect in the ref1ecting e1ements. The broken curve 

in Fig. 6 js the CuI tota1 yie1d spectrum observed after 300 hours from the 

time when the previous spectrum (sol id curve) was observed. The genera1 

feature to note is that the reduction in the photon f1ux is proportiona1 to 

the photon energy. The resu1t is reasonable， because absorption or scat-

tering of light from the mirror elements increase with increasing photon 

energy because of contamination or damage. 

6.2 Reso1ving power 

In order to test the reso1ving power and to calibrate the energy of the 

monochromator， we measured photo-absorption of severa1 gases contained in a 

gas ce11 using an R595 and a pico-arrmeter. Figures 8 and 9 show the 

absorption spectra of the argon L
2
，3 (0.8 Torr) and the. krypton M4，5 (0.4 
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transitions from the L2，3 to the 5d 1eve1 in argon. A1so， in krypton sma11 

peaks corresponding to the transitions from the M
4
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distinguishab1e. Figure 10 shows the K-she11 absorption spectrum of oxygen 

gas (0.8 Torr) for a slit width of 3・3 ~m. The 3 ~m width was rea1ized by 
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3 um slit. Furthermore, for this slit width, the first peak in the neon 

K-edge absorption at about 867 eV was observed to split. 

The resolving power of the monochromator can be estimated by comparing 

the FWHM of an absorption peak with its natural width. Here we regard the 

5 61 FWHM of peaks in the electron-energy-loss spectra as the natural widths ' '. 

For instance, the resolving power at 250 eV is estimated to be 2 x io from 

the argon absorption spectrum. This value is in agreement with the cal

culated one. Other values estimated from the oxygen and the krypton 

absorption spectra are also shown in Fig. 11. The broken line indicates the 

calculated values for a 15-15 um slit width. But the value for oxygen was 

estimated from the spectra for a 3-3 ym slit width, therefore the error of 

the estimation was large. On the other hand, the resolving power of the 

monochromator decreases in the longer wavelength region because of off-

focusing. Thus it is reasonable that the resolving power observed at the 

krypton M, g-edge is lower than the calculated one. 

7. Summary 

The following results of the performance tests for the 2-m grasshopper 

monochromator were ascertained: 

1) The photon energy region of the monochromator is between 90 

and 1000 eV for a 2400 grooves/mm grating. 

2) The number of the outcoming photons at 250 eV is 10 - 10 /sec for a 

slit width of 15-15 ym at an electron current of 100 mA. 

3) The stray light level below 300 eV is less than 5%. 

4) The resolving power for a slit width of 15-15 ym is about 2000, which 

is in fair agreement with the calculated value. 

5) A vacuum of 4 x 10" Torr is realized. 
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3 ).1m slit. Furthermore， for this s1it width， the f;rst peak in the neon 

K-edge absorption at about 867 eV was observed to split. 

The resolving power of the monochromator can be estimated by comparing 

the FWHM of an absorption peak with its natural width. Here we regard the 

5，6} FWH!¥ロfpeaks in the electron-energy・10ssspectra as the natura1 widthsv'~/. 

For instance， the resolving power at 250 eV is estimated to be 2 x 10
3 

from 

the argon absorpt1on spectrum. This value is in agreement with the cal・

culated one. Other values estimated from the oxygen and the krypton 

absorption spectra are also shロwnin Fig. 11. The broken l1ne indicates the 

calculated values for a 15・15).1m slit w1dth. But the value for oxygen was 

estimated from the spectra for a 3・3).1m slit w;dth， therefore the error of 

the estimation was large. On the other hand， the resolving power of the 

monochromator decreases ;n the longer wavelength region because of off-

focusing. Thus it is reasonable that the resolving power observed at the 

krypton M4，5・edgeis lower than the calculated one. 

7. Summary 

The following results of the performance tests for the 2-m grasshopper 

monochromator were ascer‘tained: 

1) The photon energy region of the monochromator ;s between 90 

and 1000 eV for a 2400 grooves/mm grating. 

2) The number of the outcoming photons at 250 eV is 108 -109/sec for a 

slit width of 15・15担mat an electron current of 100 mA. 

3) The stray light ，1evel below 300 eV is less than 5%. 

4) The resolving power for a slit w1dth of 15・15).1m 1s about 2000， wh1ch 

is in fair agreement with the calculated value. 

5) A vacuum of 4 x 10・9Torr is realized. 
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MIRROR 
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FROM PF-RING 

Fig. 1 Basic arrangement of optical elements for the grasshopper mono-

chro'mator. MQ: deflecting mirror, M,: pr3-focusing mirror, S,: 

mirror-slit combination (Codling slit), G: concave grating, and 

S2: exit slit. Two positions are shown schematically, zero order 

and a wavelength X. 
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GRASSHOPPER 
MONOCHROMATOR 

Basic arr;angement of optical elements 

chroil1ator. MO: deflecting mlrror， M
1
: 

for the grasshopper mono-

pr:・focusingmirror， 51: 

mirror-slit combination (Codling slit)， G: concave grating， and 

52: ex i t 51 it. Two positions are shown schematically， zero order 

and a wavelength入.
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Fig. 2 - Block diagram of the grasshopper monochromator and related appara-
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Fig. 3 

TO GRATING CHAMBER 
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Block diagram of the coupling mechanism between 

the ball-screw and the grating chamber. 
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Fig. 4 ,Schematic diagram of the beam monitor. 
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200 400 600 800 1000 
PHOTON ENERGY (eV) 

Fig. 6 Relative output intensity at the exit slit of the monochromator 

measured with a Cul photocathode. Two curves are shown, initial 

(solid) and after 300 hours (broken). 

200 400 600 800 1000 
PHOTON ENERGY (eV) 

Fig. 7 Relative output intensity vs. photon energy measured with a gold 

mesh and a Ceratron. 
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PHOTON ENERGY (eV) 

Fig. 10 Absorption spectrum of the 0 K edge 

for 0.8 Torr oxygen gas. 
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shows the calculated.values. 
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Fig. 10 Absorption spectrum of the 0 K edge 

for 0.8 Torr oxygen gas. 
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