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AN UfcTRAfflGH VACUUM MONOCHROMATOR FOR

PHOTOPHYSICS BEAMLINE

ABSTRACT

The Photophysics bfeamline designed for carrying out photoabsorption and

fluorescence studies using the 450 MeV Synchrotron Radiation Source (SRS), INDUS-1,

uses a 1 metre monochromator as premonochromator for monochromatising the

continuum. An ultra high vacuum compatible monochromator in Seya-Namioka mount

has been designed and fabricated indigenously. The monochromator was assembled and

tested for its performance. Wavelength scanning mechanism was tested for its

reproducibility and the monochromator was tested for its resolution using UV and VUV

sources. An average spectral resolution of 2.5 A was achieved using a 1200 gr/mm

grating. A wavelength repeatability of ± lA was obtained. An Ultra High Vacuum of 2

X 10"8 mbar was also achieved in the monochromator. Details of fabrication, assembly

and testing are presented in this report.



AN ULTRAHIGH VACUUM MONOCHROMATOR FOR

PHOTOPHYSICS BEAMLINE

1. INTRODUCTION

A Synchrotron Radiation Source, Indus-1 of 450 MeV energy is being

commissioned at the Centre for Advanced Technology, Indore. Utilising this

source, many photophysics and photochemistry experiments are planned, and

beamlines for carrying out these experiments in vacuum ultra violet (VUV) and

soft x-ray region (50-2000 A) are being fabricated and assembled. One of the

beamlines being installed by Spectroscopy Division of BARC is Photophysics

beamline. This is a medium resolution beamline (resolving power 103) meant for

carrying out atomic, molecular and solid state spectroscopy experiments in 500 -

2000 A region and uses a one metre pre-monochromator for monochromatising

the Synchrotron continuum emitted by SRS.

A monochromator to be used with a Synchrotron Radiation Source needs special

design considerations due to the unique properties of the source [1] like the

horizontal spectral divergence, ultrahigh vacuum environment and the spectral

region of interest. The monochromator parameters have to be matched with the

source parameters and the experimental requirements are to be met with.

Monochromators for use in 500-2000A region generally use reflection gratings

illuminated at small angles of incidence (0-30°, Normal incidence) and only one

optical element i.e. a concave grating which provides focussing and dispersion,

thereby limiting the reflection losses in the short wavelength region due to too

many optical surfaces [2]. Further, high vacuum is necessary for observing VUV

radiation, since air absorbs radiation below 2000A. As Synchrotron Radiation is

produced in ultra high vacuum (UHV) environment, the monochromator needs to

be UHV compatible. Of the many VUV normal incidence monochromators,

Seya-Namioka monochromator is widely used in a number of Synchrotron

Radiation beamlines [for e.g. UVSOR (Japan), Daresbury (U.K.) etc.]. It is

chosen for its versatility and ease of operation. In Seya-Namioka mount,

wavelength scanning is achieved by simply rotating the grating about the vertical

axis passing through the pole of the grating. This is a distinct advantage since
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these operations are to be carried out in ultra high vacuum environment. In other

types of monochromators, both translation and rotation of the grating are required

for focussing and wavelength scanning. Since only rotation is required in Seya-

Namioka mount, the vacuum chamber can be small and hence UHV can be easily

achieved. This mount was first analysed by Seya [3] for its focussing conditions.

He found that good focussing conditions can be achieved if the entrance and exit

slits subtended an angle of 70° 15' at the centre of the grating and focus is more or

less good over a wide wavelength range of 0-6000A. Subsequently Namioka

[4,5] analysed this mounting with special emphasis to its astigmatism and

resolving power, and fixed the best parameters for the design and fabrication.

The simplicity of wavelength scanning in the Seya-Namioka monochromator by

rotation of the grating can be explained by fig 1. which shows the schematic ray

diagram for a concave grating. G is the grating, Si and S2 are the entrance and

exit slits respectively, S|Oj is the incident ray, O1S2 is the reflected ray. An angle

2<|> is subtended by Si and S2, i.e., the angle between incident and diffracted ray.

At zero order position, ZOi is the normal OX is the tangent to the grating, a is

the incident angle, p is reflected angle, r and r' are source and image distance

respectively from grating and R is the radius of curvature of the concave grating.

The angle of incidence a = p, the angle of reflection which is equal to 4>. When

the grating is rotated by an angle 9, the angles a, P, <|> and 9 are related by the

following expressions:

a = <|> - 9, p= <J> + 9 (1)

The equation of diffraction for any wavelength A. is

d (Sin a + Sin p) = nk (2)

where n is the diffraction order and d is the grating spacing.

Combining (1) and (2) and simplifying

Sin 9 = nkf 2d Cos <|> (3)

The above equation fixes the gratssg rotation aa&le •••&, for focussing the

wavelength A.. Since 2d Cos <(> is constant in this mount, and for small angles of 9,



Sin 6 ~ 9, 6 a X. When the grating having 1200 gr/mm is rotated from 0° to an

angle of 8° 271, the wavelength region covered in the first order is from 0 to 2000

A. For a grating of groove density 2400/mm the grating will have to be rotated by

approx. 16° 15'.

Seya analysed this mount as a special case of Rowland mounting [3] and fixed the

parameters for monochromator for best focus over a wide wavelength region.

The focal equation for a concave grating is

Cos2a/r - Cos a/R + Cos2p/r' - Cos p /R = 0 (4)

By applying a constraint a + p = constant, i.e. a constant angle is subtended

always at the grating centre for different rotational angle, and at zero position a

= P = <(>, the solution to equation 4 becomes

r = RCosct, r' = RCosp (5)

For a radius of curvature of 1 metre, r = 818.13mm and r' = 818.13mm and the

angle 2 <j> = 70° 15*. These are the conditions for achieving best focus over the

wide wavelength region.

The wavelength scanning in Seya-Namioka mount is achieved through a Sine

drive mechanism. Sine drive mechanism translates the rotation of the grating to

linear motion. Fig. 2 gives schematic of the mechanism. Basically the sine drive '

mechanism consists of three components. 1) the ultra high vacuum feed through

connected to the grating 2) the ball screw with the guide driven by a stepper

motor, and 3) the lever which connects the feed through to the guide. The

stepper motor drives the ball screw, the guide moves smoothly on the ball screw.

The rotation is imparted to the feed through, thus grating is rotated. The linearity

and wavelength region, is decided by the pitch of the screw and the length of the

lever. The expression governing this being

Sin 9 = Displacement along the screw/ lever length (6)

The lever length is fixed at 136mm. Thus the angle of rotation is proportional to

the displacement of the screw. An encoder with a digital read out, connected to



the end of the ball screw serves as a wavelength display. This read out is

designed to give the direct wavelength in A.

Since the synchrotron radiation source is more divergent horizontally, the

monochromator uses horizontal slits and is designed to operate in a vertical

dispersion mode. Thus, the grating faces downwards as can be seen from the lay

out (Fig. 3).

Ray tracing calculations were done for this beamline[6] to match the source

parameters with optical parameters. The specifications were finalised following

the guidelines provided by ray tracing calculations. Design parameters used for

fabrication of the monochromator is listed in Table 1.

T A B L E - 1

1. Vacuum requirement

2. Pumping system

3. Monochromator chamber
a) Material
b Surface finish
c. Dimensions

UHV-1 xlO9mbar

270 I/sec SIP, backed by 140 I/sec TMP

SS 304 L
0.1 fj,, electropolished
ID = 320 mm
Thickness - 5 mm
Height - 250 mm

4. Arm length

5. Grating

a) Radius of curvature (R)
b) Coating
c)Type
d) Groove density
e) Blaze wavelength
f) Dimensions

6. Entrance and exit slits

7. Angle subtended at the grating

by the entrance and exit slits

r = 818.13 mm

r'= 818.13 mm

998.3 mm
Gold
Concave, Holographic
2400/mm
600 A
63.5 mm <(>, 12.5 mm thick
50 mm x 30 mm Ruled area

UHV compatible, slit variable

from 5-3000/ /

70° 151



(Table 1 continued)

8. Grating mount

9. Wavelength scanning

10. Feedthroughs

11. Wavelength reproducibility

12. Resolution (I order)

13. Detection in VUV

14. Data acquisition

Kinematically adjustable mount with

provisions to adjust the grating in

x-y-z direction and for tilt.

Rotation of grating by UHV feedthrough

coupled to a sine drive mechanism

a) UHV compatible Wilson sealed feedthrough
b) A bellow sealed feedthrough

± 1 A (I order)

2.5 A (using a 1200 g/mm grating)

With a sodium salicylate coated,

photomultiplier

PC interfaced

2. FABRICATION DETAILS

A 1 meter high vacuum Seya-Namioka monochromator for conventional VUV

spectroscopy experiments was earlier designed and fabricated [7] by our division.

Though basic principles of design are the same, necessary modifications have

been incorporated in the present design in view of the UHV requirements and

mounting position of the grating for vertical dispersion. The material for

fabrication of the monochromator is SS 304 L. Grating is UHV compatible,

holographic and gold coated. The feedthrough which imparts rotational motion to

the grating also is UHV compatible. Welding has to be done from inside during

fabrication and a surface finish of 0.1 u is specified for achieving UHV. Based on

these concepts a monochromator was designed and fabricated. For the sake of

accuracy and convenience in assembling, the monochromator was fabricated in

different parts.

A labeled schematic of the monochromator is given in Fig. 3. Some of the

components were procured commercially while a large number of precision and

UHV component were designed and fabricated indigenously. Important details are

described in the following sections :



2.1 Monochromator chamber

The monochromator chamber is a cylinder of diameter 320 mm and height

250mm. On either sides, there are two arms of length 537 mm and diameter 103

mm. They subtend an angle of 70° 15 at the grating position. A base plate is

welded to the cylinder. SS304L is used for fabrication. The base plate has

provision to connect a UHV feed through at the centre via a 35CF flange. Both

the arms end in 100 CF welded flanges. The top flange of 385 mm O.D to close

the vacuum chamber is of non standard dimensions and hence it is not possible to

use standard Copper gaskets for sealing. So an Al wire sealed flange was

fabricated. The top flange has two 35CF flanges and one 35 CF view port in the

middle. View port helps to find out whether the incoming beam is falling

properly on the grating. Other two CF ports are for connecting vacuum

measuring gauges.

One side of the vacuum chamber has a 150CF port which connects to

Turbomolecular pumping station and a sputter ion pump for evacuation purpose.

2.2 Bilateral slit assembly

Both the exit and entrance slit assemblies were procured from M/s. ARC USA.

They are ultra high vacuum compatible and slits can be adjusted from 0-3000 [im

under UHV, with a minimum step of 5um. Since the resolution of the

monochromator depends upon slit width, it is necessary to have the optimum slit

width to achieve the desired resolution.

2.3 Grating Mount

The grating mount, which is assembled inside the vacuum chamber is one of the

most important components of this monochromator and is shown in Fig.4. It

houses the grating and provides all the required motions like rotation, tilt, and

linear movement necessary for adjusting the grating to make entrance and exit

slits parallel to the ruling of the gratings. Slits should be exactly parallel to the

rulings of the grating in order to achieve optimum resolution. These adjustments

are done through a kinematic mount and all adjustments are to be done at

atmospheric pressure before evacuating the chamber.



2.4 Grating

The grating to be used in this monochromator is 2400 gr/mm, gold coated

holographic concave grating blazed at 600A, procured from M/s. Jobin Yvon,

France. The blank size is 63.5 mm dia and 12.5 mm thick. It has 30 X 50mm

ruled area. Radius of curvature is 1 metre. This is expected to yield an average

resolution of 1 A. It is UHV compatible. Currently experiments are being carried

out with 1200 gr/mm grating. The other parameters remain the same.

2.5 Bellows with Tie Rods

The slits are connected to the main vacuum chamber through UHV bellows. Tie

rods are attached to the bellows for convenience in adjusting the path lengths as

well as to safeguard the bellows. Bellows are used for finer adjustment of the

optimum length of the entrance and exit slit arms, so that best focussing and

resolution is achieved. They also isolate the monochromator from ground

vibrations. Bellows can be manipulated for slight rotation of the slits under UHV,

to make the slits parallel to the ruling of the grating.

2.6 Gate Valves

Two UHV compatible 100 CF gate valves are connected to both the arms of the

monochromator. They help to isolate the monochromator chamber from rest of

the beamline.

1.1 Ball Screw

The ball screw used in the sine drive mechanism was procured from M/s. THK

Japan. The pitch of the screw is 2mm and the length is 120mm. For one rotation

of stepper motor, the screw moves by 2mm, rotating the grating by an angle

equivalent to 100 A in linear scale when 2400 gr/mm grating is used. Stepper

motor which drives the ball screw completes 100 steps in one revolution. Thus

one step corresponds to 1 A and the same is displayed by an optical encoder.

2.8 UHV Pumping System

A sputter ion pump of speed 140 1/s as well as a 150 1/s turbo molecular pumping

station is connected to the monochromator. This pumping system is capable of

evacuating the system to 1 x 10'9 mbar.



3. PERFORMANCE TESTING

3.1 Initial alignment.

The monochromator was assembled as shown in fig.3 Preliminary adjustment of

the monochromator was done at atmospheric pressure and in the visible region.

After assembling the monochromator, the focus of the system was tested using a

concave mirror (dimension being similar to the grating) having 1M radius of

curvature. A tungsten lamp was focussed on to the entrance slit, the source was

adjusted so that the light falling on the mirror was a rectangular patch of 50mm x

30mm (corresponding to the ruled area of the grating) and the sine drive

mechanism rotated slowly. So that the zero order image (reflection image) falls

on the exit slit. The exit image was viewed through an eyepiece, and the arm

length of the monochromator was adjusted for best sharp image. The zero order

position also was adjusted in the same way, replacing the mirror with a grating.

3.2 Wavelength Scanning

For the initial testing of the monochromator, a concave grating with 1200 gr/mm,

and rest of the dimensions same as that of the 2400 gr/mm grating was used. The

concave grating was mounted in the grating mount. The grating mount was

coupled to a sine drive mechanism through a commercially available UHV feed

through. Using a mercury pen lamp at the entrance slit the spectrum from 2500-

6000 A was scanned. To start with the grating was set to zero order position and

the grating was adjusted using the kinematic adjusting screws provided in the

grating mount, so that the image falls on the exit slit throughout the spectral

region.

Initially the zero order as well as the subsequent UV-visible Hg spectral lines at

wavelengths 4077 A, 4358 A, 5461 A were viewed through an eyepiece. Rulings

of the gratings were made parallel to the entrance and exit slit by rotating the

grating, so that the dispersed spectrum is also parallel to the exit slit. Once the

entire visible mercury spectrum is viewed through an eyepiece, photomultiplier

tube, sensitive in 2000-6000 A range was connected to the exit slit and the signals

were monitored through an electrometer amplifier. The mercury spectrum was

scanned from 2500-6000 A, many times and the wavelength reproducibility was

8



checked from the encoder reading. As mentioned earlier the encoder

specifications were such that, the reading corresponded to the actual wavelength.

Repeated scans showed that the reproducibility was very poor and the backlash

very erratic. A careful study of the sine drive mechanism, pointed out that the

feedthrough being used was not suitable for the application. Hence special

feedthroughs were designed and fabricated. To start with, the feedthrough was

replaced with a straight shaft and the scanning of the mercury spectrum was

carried out to recheck the design concepts. It was found that the reproducibility

improved considerably. In order to have UHV compatibility, a modified UHV

compatible Wilson sealed feedthrough was designed and fabricated and this

feedthrough gave very good reproducibility. The spectral lines were reproducible

to ± lA both in forward and reverse direction of scanning. Simultaneously, a

bellows sealed UHV feedthrough with a bent shaft was designed and fabricated to

replace the commercial UHV feedthrough. This feedthrough also gave a

reproducibility of ± 1A in one direction. This test was carried out using the

mercury pen lamp. . The spectrum thus recorded is given in fig. 5. Both the

feedthroughs, Wilson sealed as well as bellows sealed were tested for ultra high

vacuum of 1 x 10'9 mbar.

Having tested the monochromator performance for wavelength reproducibility,

the next step was to test for the spectral resolution. For this purpose, hollow

cathode lamps, which emit sharp spectral lines, were used as light sources and

narrow slit widths were used. Fig. 6 shows the spectrum of Fe hollow cathode in

the region 2300-2700 A recorded with a slit width of 100 u,. It can be seen from

Fig.6 that spectral lines separated by 2.5 A are well resolved, 2462.7A - 2465.2 A

and 2574.4 A -2576.7 A are marked in the figure demonstrating the achieved

resolution. In the final experiments with this monochromator, a grating of

2400gr/mm will be used so that the resolution will be 1.3 A, which is close to the

required value (1 A)

3.3 UHV Testing

All the above performance tests were done in atmospheric pressure. To test

whether the monochromator is UHV compatible, we have evacuated

monochromator with a turbo molecular pump of speed 150 1/s as a fore pump and



140 1/sec SIP. A vacuum of 2x10'8 mbar was achieved, with further baking a

vacuum level of 10"9 mbar can be attained.

3.4 VUV Spectrum

A glass discharge tube with LiF window was coupled to the entrance slit of the

monochromator. The discharge tube was evacuated to a vacuum of 10*2 mbar by

a rotary pump. The emission spectrum of CO molecule was excited by a

microwave discharge. The fourth positive bands of the CO molecule lying in

vacuum ultra violet region were recorded using the monochromator. A lithium

fluoride window was used at the entrance slit.. A sodium salicylate coated quartz

window kept at the exit slit coupled with the photomultiplier was used as detector

for VUV radiation Fig. 7 shows the 4* positive bands of CO, in the region 1500-

2000 A . The LiF window used was indigenously prepared. The CO spectrum

was recorded to demonstrate the performance of the monochromator in the VUV

region.

4. CONCLUSIONS

A one metre ultra high vacuum monochromator in Seya-Namioka mount was

designed and fabricated. Apart from a few of the precision components like slits,

grating and ball screw, all the ultra high vacuum compatible components were

fabricated indigenously. This monochromator was assembled and tested for its

performance at atmospheric pressure as well as in vacuum. It has wavelength

repeatability of ± 1 A, resolution of 2.5A with a 1200 g/mm grating and performs

well in vacuum ultra violet region as demonstrated by the recorded CO spectrum.
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Fig. 1. Schematic Ray Diagram of Concave Grating.
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