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Abstract

The National Synchrotron Light Source (NSLS) is a synchrotron

radiation source designed to provide photons for simultaneous exper-

iments on a large number of individual beam lines. A residual gas

analysis (RGA) system has been designed, and is currently being

installed, which would protect the beam lines and the storage rings

from contamination from any one offending beam line. The system

consists of having separate analyzers, with their associated rf

generators, in each beam line and storage ring. The analyzers will

be multiplexed back to a central controller. A computer is used

for routine monitoring and control. The analyzer chosen was the VG

Instruments Model SX-200. Typical mass spectra will be presented

along with our specifications for the RGA and our vacuum specifica-

tions for operating a typical beam line.

Introduction

The NSLS comprises two electron storage rings which are used

to provide photons (synchrotron radiation) to a number of experimen-

tal beam lines which are attached directly to the storage rings.

Figure 1 is a plan view of the NSLS. The photons irradiate samples

that are placed in the beam lines. Mirrors are used to direct the

photons down the beam lines. Monochromators with diffraction grat-

ings or crystals are used to select the photon energies required

for particular experiments.
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It has been shown^»^) that irradiation of hydrocarbons on

these optical surfaces leave carbonaceous deposits which reduce the

efficiency of these elements, resulting in a serious loss of photon

flux. Therefore, after designing a hydrocarbon free storage ring

system it is desirable to monitor each experimental beam line for

sources of hydrocarbons and, if necessary, take preventive action

to keep the contamination out of the storage rings and other beam

lines. The residual gas analysis system described here is designed

to monitor residual gases in one or more beam lines, as well as

both storage rings, automatically or on demand, and to sound an

alarm and initiate protective measures.

RGA System

Figure 2 schematically outlines the basic RGA system. It con-

sists of a host computer (Data General-250) connected via RS232C to

either a computer interfaced controller (V.G. Instr. Spectralab-

200) which is multiplexed to fifteen analyzer heads, or to a

microprocessor controlled programming system VG Instr. DPP-16 and

SX-200) which is connected to a single analyzer head. The

"Spectralab-20011 is an Apple II plus computer, interfaced to the

V.G. Instr. SX-200 quadrupole controller. The SX-200 controller is

multiplexed to either eight analyzer heads and their matching RF

generators, or to seven analyzers and another eight position

multiplexer, for a total of fifteen analyzers. A DPP-16 "smart

controller" and an SX-200 are dedicated to high risk beam lines.

That is, gas phase experiments or one with a thin window whose fail-

ure could jeopardize the entire ring operation.



The Vacuum Generators SX-200 quadrupole system was chosen on

the bases of meeting our required specifications. The quadrupole

manufacturers specifications are given in reference 3. A few of

the pertinent specifications are; mass range 1-200 amu, minimum de-

tectable partial pressure 2x10 mbar with a channeltron electron

multiplier, twin thoria-coated iridium filaments, and electron

bombardment degas.

The software written for the Spectralab (by VG) provides for

four basic modes of operation they are:

1. Single Peak Monitoring

2. Mass Spectrum in Histogram form

3. 16 Channel Peak Selection

4. Analog Peak Display

The first mode is used for single species monitoring, for

leak detection, and for RGA or process control. The second mode,

mass spectrum histogram, for quantitative or qualitative analysis.

The third mode, 16 channel peak selection, for process control, tak-

ing advantage of the high and low alarm levels available. It is

also useful for single peak trend analyses. The fourth mode, the

analog mode, is best suited for monitoring a limited group of

peaks, 15 amu maximum, for species identification and changes.

Operating Philosophy

The main reason for having such an RGA system is to protect

optical components in beam lines from contamination that would re-

duce their effectiveness. Secondary benefits are leak detection,

diagnostics and gauging. The policy at the NSLS is that before a

new beam line is put into operation, that is before the main vacuum



valve is opened, it must pass a vacuum acceptance test. It is a

two part test; first, the base pressure in the front end of the

beam line, that is the connection to the storage ring, must be less

than 3 x 10 torr, and second, the sum of all mass peaks over mass

44 be equal to or less than 1 x 10~ torr. This procedure is also

followed after any significant changes are made to the beam" line.

After a beam line is operational, routine monitoring of the front

end residual gases is automatically made twice daily or more

frequently as deemed necessary to protect the rings from contamina-

tion. The policy regarding beam lines in which gas phase or "high

risk" experiments are performed, is that a separate "smart" control-

ler (VG DPP-16) is dedicated to that beam line for continuous auto-

matic monitoring and control.

Residual Gas Analysis

Figures 3 through 7 are mass spectra of typical beam lines

and of the VUV and X-ray storage rings. No corrections were made

for individu 1 gas specie sensitivities which were all taken as

unity. Also, when analyzing residual gas spectra, it must be

remembered that the spectrum of ion signals produced by the RGA is

not an exact display of the residual gases in the system, but

rather a spectrum of the residual gases after they passed through

the electron ionizing beam, filter system, and detector. The elec-

tron beam causes' ' ionization, single and multiple charge species,

dissociation (cracking) and desorption of surface ions and neutral

particles.(5)

Figure 3 is a scan taken of the U-7 beam line. It is shown

for the 0 to 200 amu range (upper figure) and then for the 0 to 50



amu range (lower figure). It is a baked, ion-pumped, stainless

steel ultrahigh vacuum system. The dominant peaks are hydrogen and

carbon monoxide at m/e ratios 2 and 28 with smaller amounts of

water vapor (17 and 18), carbon dioxide (44), and methane (12

through 16). A small air leak is indicated by peaks 14, 16, 28,

32, and 40. Peak 19 is the surface ion fluorine produced in the

RGA ionizer. ' Total pressure is 4.5 x 10 torr. The dashed

lines represent peaks that are off scale for this sensitivity,

(GAIN E-10M), which is actually the 10 torr pressure range with

the quadrupole in the electron multiplier mode. To display these

—9peaks on scale the sensitivity must be changed to the 10 torr

range.

Figure 4 is a mass spectrum of the VUV ring with no stored

beam. With a stored electron beam the pressure rises due to photon

induced gas desorption. ' This scan was taken after a number of

months of machine operation.

Figure 5 shows a scan of the VUV Undulator. It is a stain-

less steel UHV chamber integral to the VUV ring. It was baked in-

situ at 150°C for three days. An electron beam current of 86

milliamps was stored at the time of this scan. The mass 4 peak is

residual helium from a vacuum accident, which occurred six weeks

earlier when the ring was accidentally vented to 10~ torr with

helium.

Figure 6 is a scan of the VUV RF cavity. It is an ion-pumped

copper-clad steel vacuum chamber. An air leak is indicated by

peaks 14, 28, 32, and 40.



Figure 7 was taken, in a manual mode, on an x-y recorder at

the Spectralab location, (optional display) . It is a spectrum of
—8

the unbaked X-ray ring at an average pressure of 1.4 x 10 torr.

Note the typical hydrocarbon patterns.. This contamination was a

bit surprising since prior to assembly all the individual vacuum

chambers were baked, under vacuum, at 150°C for a minimum of 24

hours, They were then installed in the ring, welded and bolted in

place. Rough pumping was by cryosorption pumps followed with air

bearing air drive turbomolecular pumps. The primary ring pumps are

sputter-ion and titanium sublimination. Peaks 14, 32, and 40 indi-

cate a small air leak.

The present status of this system is that each beam line on

the VUV ring is fitted with individual analyzers and rf heads, two

analyzers have been installed on the ring itself, one on the main

vacuum chamber, and the other on the rf cavity. The final system

may vary somewhat from that described here due to the design and

cost of the required softwara.

We would like to acknowledge G.P. Williams for his constant

support and especially for his help in the design of the basis sys-

tem.
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Figure Captions

Fig. 1. NSLS Facility Plan View.

Fig. 2. Schematic of RGA System.

Fig. 3. Mass Spectrum in Histogram Form of U-7 Beam Line on VUV

Ring.

Fig. 4. Analog Display of Xenon.

Fig. 5. VUV Ring, taken at Undulator, 86 ma, 750 Mev, 8-25-83.

Fig. 6. RF Cavity, VUV Ring, 60 ma, 750 Mev, 8-25-83.

Fig. 7. X-Ray Ring, Unbaked, taken at XlDG.
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Figure 3. Beam line U-7 front end,
52 ma 750 MeV, P=4.5X1O"9 torr, 8-25-83



. [GAIN E-9 M] PRINTER: O N

MODE 2
i | i i i > i > « » i i i i i i l i i i i

10 20 30 40 50

[GAINE-IOM] PRINTER: ON

MODE 2
10

8H

6 -

4 -

2 -

0

i i i | i i i \ \ i n [ i I t i i i i i r

I I { I I i I T I I | I

0 10 20 30 40 50

Figure 4. VUV ring taken at U2D5,
no beam, P =3.8X10"10 torr, 12-19-83
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Figure 5. Undulator, VUV ring,
86 ma 750 MeV, P=3.5X1O"9 torr, 8-25-83
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Figure 6. RF cavity, VUV ring,
60 ma, 750 MeV, P=4.6X1O"9 torr, 8-25-83
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Figure 7. X-ray ring unbaked, taken
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