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Abstract

The PEP-lILow-EnergyRing will operate at anominal
energy of 3.1 GeV with a positron beam current of 2.1
Design parameters for vacuum components are 3.5 Ge
3 A. The arocvacuum system idased on araluminum
antechambeconcept.

long magnetchambersand 5.5 m long pumping

chambers. Titanium nitride coating of the entire positro
duct is needed inorder to suppress beam instabilities

caused bymultipactoringand the “electron-cloud” effect.
An extensive R&D program has beeronducted to

develop coating parameters that give proper stoichiome

and asuitable thickness of TiN. The totalecondary
emission yield of TiN-coated aluminum coupons hasn

measured aftethe samplesvere exposed tair andagain

after electron-beam bombardment. céating facility has
beenbuilt to cope with thdarge quantity of production
chambers and the very tight schedule requirements.

1 Introduction

An instability wasobserved athe Photon Factory [1]
which was lateranalyzed[2] and attributed to trapped
“electron clouds.” The origin of these&louds isthought
to be the amplification of photo-electrons bgcondary
electron multiplication at the surface of the vacuum
chamber.  Theendencyfor this amplificationcan be
predictedfrom the totalsecondaryelectron yield (SEY)
which, for most metal§when averagedover primary
energies of 0 td 000 volts), is slightlyabove 1. The
yield for aluminum, with its nativeoxide, tends to be
much greatethan 1 (typically 3-5 at peak vyield).
PEP Il Low Energy Ring (LER) will have 3 A of
positrons with aluminum vacuuehambers inthe arcs,
conditions which are expected to show the cloud effect.

A SEY-lowering coating isneeded orthe chamber
walls, if electron cloudsre to be avoided. Thisoating

will constitute the inner surface of the vacuum system a

must have properties consistent with that rol@hese
include: 1) low vaporpressure , 2) moderatelyood
electricalconductivity, 3) good thermal stabilitgnd, 4)
low ion-induced gas desorption yield. Titaniumitride
(TiN) has the needed properties.

2 Titanium Nitride

TiN has a boiling point above 3000&nd anelectrical
conductivity above that of titanium. The nitrogen i
covalently-bonded tothe titanium without destroying

electricalconductivity. TiN has been used previously in
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It consists of 192 pairs of 2 m

The

storagerings, in placeswhere alow SEY is necessary
such as rf cavities. TiNan have a SEYhat averages
below one.
éhin coating of TiN must be put on alrfaces of the
a?t vacuum chambers that @féected bythe electricfield
of the positrons. The coating must be thiecause the
thermal expansion of TiN is one third that of aluminum.
A thick coating would create high strelsstweenthe TiN
8nd the aluminum. The coating must, however, be thick
enough to resist "2@ears ofion bombardment". A 50
nm TiN film has beencalculated towithstand such
rimarily hydrogen-ion bombardmenising conservative
sumptions.
Thermal dissociation of TiN makes an evaporative coating
process impractical; however, titanium itsedin be
deposited bysublimation or sputterin@nd reactedvith
nitrogen gas to form a TiN depositSputteredtitanium
ions arrive with some kineticenergy atthe wall and
adherebetter than thermagnergy atoms. This is the
preferred choice for a stable coating.

3  Vacuum Chambers

The LER vacuum system has six arc regions made of two
types of 6063 aluminum alloy vacuum chambers. The
profiles are shown in Figure 1. The magnet chamber is 2
m long with a 1.878bend and the pumpinghamber 5.5

m long. The positrons circulate in the ellipticdlamber,
with their electrical fieldthe largest on the minor axis
dropping off rapidly in the antechamber.

4  Sputtering

4.1 Selection Process
The sputtering method chosen needed to be abieattily
coat 5.5 m-long chambers with 100 nm or so of TiN with
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Figure 2: Titanium cathode shown in vacuum chamber

the sputteringsourcebeing easilyreproduciblefor high  capacitancemanometer. After the piezoelectric valve
production rate use and with reliable operating parameterreducesthe process gas pressure 260 mTorr the gas
DC diode sputtering with ashaped-crossectionathode passes through a liquid nitrogen trap to remove any water.
met therequirementThe cathode can be madartually
any lengthneededprovided it can be centered, supporte(
andinsulated. The shape of tlwathode determines the
deposition rate ratio for the major and minor axis.

4.2 Cathode design and fabrication

The sputteringcathodehas to reflect the shape of the
substrate beingcoated. To get a uniform coating
thickness, however, thgerfect cathodshape wouldake
into accountthe effect of radius of curvature on electric
field. A constant gapbetweenthe cathode and inside
surface of the beamduct gives adequate thickness
uniformity and was adopted for our purposes.

The cathodewas made by forming a round 48 mm
titanium tube in alosed die tomake an elliptical tube
that would create auniform annulus with thevacuum
chamber. The space left for a sputtering plasma, 15 m
is very small and created the need to run at relatively hig
pressure. To increase the gap between the catmutithe
vacuum chambewall by only 5 mm would decrease
minor diameter of the cathode to an unusable 15 mm.
The 2 metercathode could be supported the ends and
have an acceptable deflectiontime center. The vacuum
feedthrough createdne of the insulating supporésd an
insulating wheel at thend ofthe electrodewas theother
support. The 5.5 meteelectrode for the pumping
chamber needed an additional cemst@pport as shown in
Figure 2.

Figure 3: TiN coating oven
4.4 Operation

The vacuum chambeeseinstalled in thecoater/bakeout
oven, baked into the turbo for 4 hrs and baked into the ion
pump for 60 hr. The system is then pumped by the turbo
through a 2 mm orifice, the pressure controller is set for
224 mTorr, thepremixed 20% N-80% Ar is turned on

The vacuum chambers had to be baked before and poss@il liquid N2 is added tothe trap. \Men pressure
after coating, so coatingand baking facilities were equilibrium is established, the electrodesemergized. A
combined. Processing multipighambers isrequired to single variable-voltagel 500 V power supply powers the
achieve the production goal of 8 chambers per week Theultiple electrodes. Eactlectrodehas a 2500 resistor
vacuum system was builiround amanifold that could that limits the current from arcs. The poweupply
accommodate 6 chambexadwaspumped by a250 I/s voltage is adjusteduntil the current to eachelectrode
turbo pumpand a400 I/s ion pump. Attached to the averaged 1.5 A. The current distribution to #hectrodes
manifold was an ion gauge, an RGid a capacitance was uniform to about5%. After 16 hours theprocess
manometer as shown in Figure 3. Up teah&mbers can gas is turned off and the system pumped by the ion pump
be installed over permanentttached electrode. The to remove any argoandverify that thechamber is leak
process gas igitroduced to eackiacuum chamber at the free.

endopposite the vacuum manifold. The process gas is

regulated by a piezoelectric valve controlled by the

4.3 Vacuum system
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processing expected during machine-commissioning,

Process Parameters desorbs the layer and also causes electron-induced
adsorption of carbon from carbon-containiregidual-gas
Process Gas Composition 80%A-2096 Nmolecules. The water desorptiand small amount of
. 4 carbon deposition serve to reduce the peak SEY to near 1
Current Density [A/C'%] 2x10 (Figure 4, graph). Thigield is nearthe expectedn-situ
Cathode Potential [V] 1000 :
! as-deposited value [3].
No. of N Atoms Entering [/sec/cth ~ 2.7x10+13
No. of Molc of TiN Formed [/sec/cﬁ] 1.2x1013 200
No. of lons lbecicn?]  1.2x10°15 T
No. of Np Molc. Landing [/sec/cn?]  1.0x10r20 >
Time to Form a 100 nm Film [sec] 4.3%10 “z’
Q
5. Film Characterization 3
®
5.1 Stoichiometry e
Measurements of the film stoichiometry, thickness an I
secondary yield were domweéith sectioned pieces afoated Electron Dose (10"/em?)

chamber and,routinely, aluminum witness coupons _. ) . .

mounted in the beam-position-monitor ports of th&'duré 4: Secondary electron yield as fanction of

chambersbeing processed/coated. Stoichiometry was €l€ctron dose and primary energy

measured by x-ray photo-electron spectrosd{BS) [3]

with Ti/N ratios consistently in the 0.9-1.1 range. The REFERENCES

information depth for this method is a few nanometers. [1] M. Izawa, Y.Satoand T. Toyomasu, Phys. Rev.
Lett. 74, 5044 (1995).

5.2 Film Thickness [2] K. Ohmi, Proc. EPAC96, BarcelonaSpain,June
10-14, 1996, p. 1042.

Film thickness was determined in the same analytioél [3] E.L. Garwin, F.K. King, R.E. Kirbyand O.Aita, J.

by low-energy x-rayfluorescencespectrometry (LEXRF), Appl. Phys.61, 1145 (1987).

a techniqueoriginally developed4] to measure ultra-thin [4] R.E. Kirby, D. Wherryand M. Madden, JVac. Sci.

silicon oxide layers on silicon. In the present application Technol.A11, 2687 (1993).

of this method, the exciting x-ray energytisied tojust-

above the absorption energy edge of titenium K-alpha

x-ray emission line therebymaximizing its fluorescence

yield. The absorption length of thw-excitedtitanium

x-ray is largecompared tothe film thicknessand, if

suitable TiN thicknesstandards arevailable, alinear

calibration plot of fluorescence intensity vs. film

thickness can be constructed.  Then, measuring an

unknown film thickness under identical conditiaeadily

gives a non-destructive measuremer@oating runs of

16 hrs gave thicknesses in thange of 90-140 nm,

depending on the coupon location in the chanainer the

accuracywith which the cathodewas radically located.

Thicknesses above 30 nmere sufficient to completely

obscure the aluminum substrate to XPS.

5.3 SEY Measurements

After the as-coated and exposed-to-air non-surface-
modifying measurementslescribed above, the coated
pieces were transferred to a seceydtemwherethe SEY
measurements [3jvere made. The total SEY was
measured, for normal incidence, from 50-1000 eV primary
energy at vernjow current density(to minimize surface
modification effects). Thas-deposited /air-exposed very
low-electron-dose yield (Figure 4, inset) dstermined by
the presence of anadventitious surface water layer.
Electron bombardment of this layer, similar to the initial
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