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OPEN 120°C BAKE IN ARGON ATMOSPHERE:
A SSMPLIFIED APPROACH FOR Q-DROP REMOVAL

D. Reschke”, J. Ziegler, Deutsches Elektronen-Synchrotron DESY, 22603 Hamburg, Germany

Abstract

The removal of the Q-drop without field emission by a
low temperature bake procedure (app. 120°C) is essential
in order to achieve the full performance in both
eectropalished (EP) and chemically etched (BCP) high
gradient SCRF Nb cavities. A simplified procedure
applying an open 120°C bake in an Argon atmosphere is
presented. The firg successful cavity results are compared
to the well-established bake procedure under ultra-high
vacuum (UHV) conditions.

INTRODUCTION

The low temperature annealing (“bake’) at 100°C —
130°C is an essential preparation sep following a
chemicd or eectrochemical surface trestment in order to
achieve high gradients (> 30 MV/m) at high Q-values [1,
2]. The standard bake procedure in UHV conditions is
applied to the fully assembled cavity ready for its rf test
(Fig. 1). The cavity itsdf is kept under vacuum during the
bake, while the outside is an inert gas atmosphere in order
to prevent oxidation (Fig. 1 shows the bake stand without
its outer hood, which can be partially seen at the right-
most of the picture). Typical parameters applied at DESY
are (120 — 129)°C for 48 h. On single-cel cavities a
modified process with (130 — 138)°C for 12 h has been
applied successfully.
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Figure 1. DESY bake stand for UHV bake.

In order to adapt the bake procedure for a large scale
cavity production two alternatives have been proposed:

o ahigher temperature (130 — 160)°C, but shorter time
of (1-12)h[3,4, 5]
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e open bake in inert gas aamosphere or air with 110 —
120 °Cfor 12h—60h or 145°C for 3h
The latter using an inert gas atmosphere has been
developed also at CEA Saclay [6].

NEW BAKE PROCEDURE

Sngle-Cell Apparatust+ Procedure

For the single-cell tests described below a commercia
lab vacuum drying cabinet was used successfully (Fig. 2).
The vacuum drying cabinet has a programmable
temperature control unit with a stability of + 3°C and
excess temperature protection. The vacuum and venting
ingtallation is integrated, which alows an adjustable,
permanent Argon flow with overpressure protection. A
dry, ail-free diaphragm pump is used for the initial pump-
and-purge cycles. Applied parameters are a temperature
of 120°C for 24 h with an Ar flow of app. 250 1/h. The
purity of the Ar gas is better than 99,999%. Typically,
warm-up takes 2 h; cool-down takes 16 h.

|| EZ 9P,

Figure 2: Vacuum drying cabinet for single-cell cavities.
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For the start-up experiments the vacuum drying cabinet
could not be placed inside the cleanroom. Itislocated in a
“grey” area close-by in order to avoid unnecessary
contamination of the cavity. After the bake process the
cavity is transported immediately back in the cleanroom,
rinsed with ultrapure high pressure water (UHPW),
assembled, again UHPW rinsed, finally assembled and
evacuated.

Nine-Cell Apparatus+ Procedure

The final technica design of a nine-cdl bake cabinet is
in preparation. It will be placed inside a cleanroom annex
in order to allow the loading of cavities without
contamination. Typical parameters and procedures will be
based on the successful single-cdll results, but matched to
nine-cells, where necessary.

CAVITY TESTSAFTER OPEN AR BAKE

Final Electropolishing

One single-cel cavity fabricated of large grain
Niobium was prepared and tested after a find
eectropalishing. The standard EP procedure at Henkel
Co. congists of a 100 um EP, high pressure rinse with
demineralised water, hot ultra-pure water rinse, drying
with pure nitrogen and final packing. After transportation
to DESY, the cavity is stored until the fina cleanroom
UHPW rinse and assembly takes place. Open Ar bake was
done with the procedure described above.

In Fig. 3 the Q(E)-performance of an earlier EP
treatment followed by standard UHV-bake is compared to
the recent EP + open Ar-bake. All Q(E)-curves are taken
at 2K. Both processes result in gradients around
40 MV/m at high Q-values limited by quench. The Q(E)-
curve after open Ar-bake suffers from some fidd
emission degrading the Q-value at gradients > 34 MV/m.
Thislevd of field emission occurs from time to time, and
is most probably not related to the open Ar-bake process.
The Q(E)-curve after UHV-bake shows no detectable x-
rays until the quench field, which dlows a Q-value of
1,4 - 10" at Eacerax = 40,5 MV/m,

Open Ar-bake removes the Q-drop of dectropolished
cavities aswdll as standard UHV-bake.
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Figure 3: Effect of open Ar-bake and UHV-bake on an
dectropalished single-cell cavity made of large grain
niobium (1AC3).
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Final Short BCP

For the European XFEL project [7, 8] afinal short BCP
of app. 10um followed by the usua UHPW rinse,
assembly and evacuation procedure is proposed as an
aternative to a final EP treatment [9]. For two single-cell
cavities fabricated of fine grain Nb a final short BCP of
8 um was applied followed by the handling procedure
described above.

Figure 4 shows the Q(E)-results at 2 K of both cavities
before and after open Ar-bake. After Ar-bake both cavities
are limited by quench and show no detectable x-rays
indicating field emission. The Q-drop is significantly
reduced and shifted towards higher fields. In addition, the
Q-value at low and medium fieldsishigher. Thisis dueto
the typical reduction of the BCS the surface resistance
after alow temperature bake procedure [2].
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Figure 4. Effect of open Ar-bake after fina short BCP on
two single-cell cavities fabricated of fine-grain Nb.
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Figure 5 a+b: Comparison of open Ar-bake with standard

UHV-bake after fina short BCP (top); typical Q(E)-

curves after fina short BCP and UHV-bake (bottom).
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In order to investigate the remaining Q-drop, Fig. 5a
shows the comparison of the two single-cels (1AC2,
1DE?2) with a nine-cell cavity (AC116) after comparable
surface treatment (10 pm + UHPW rinse), but UHV bake
applied. In addition, Fig.5b gives typica Q(E)-
performances of nine-cdl cavities after fina short BCP
followed by standard UHV-bake.

Obvioudy, open Ar-bake is as effective as standard
UHV removing the Q-drop for final short BCP surface
treatment. The remaining Q-drop is a genera effect of
low temperature baked cavities after a final short BCP
and not a specific negative impact of open Ar-bake.
Moreover, it is reported in generad for BCP treated
cavities fabricated of fine grain Nb, that the Q-drop
cannot be cured in all cases. An overview is givenin [10].

CONCLUSION

The new simplified open Argon bake procedure cures
the Q-drop without field emission for final EP and final
short BCP surface treatment. After final short BCP a
remaining Q-drop is gill present at gradients E, > (25—
30) MV/m, independent of the type of bake procedure.

Open Ar-bake is advantageous to standard UHV bake:

e The bake process can be simply implemented in the
cavity preparation sequence before the final ultra-
pure high pressure water rinse.

e No additiona vacuum handling of the fully
assembled cavity is necessary. There is no additiona
therma stress of the cavity flange gaskets during
bake.

e No additional UHV vacuum pump station necessary.

e The vacuum drying cabinet is commercialy
available instead of a special designed UHV-bake
stand.

Open Ar-bake is a simplified practical solution for a
mass preparation of cavities as e.g. for the upcoming
European XFEL project with more than 800 nine-cell
cavities.

Technology

THPO015

ACKNOWLEDGEMENT

The authors thank T. Cheung, K. Harries, J. lversen,
D. Klinke, M. Langer, L. Lilje, D. Proch, H. Remde,
R. Ritter and all other involved colleagues for their
technicd support and many fruitful discussions.

REFERENCES

[1] B. Visentin et al., “Improvement of Superconducting
Cavity Performances’, Proc. of 6" EPAC, Val. I,
p. 1885, Stockholm, Sweden (1998)

[2] G. Ciovati et al., “Review of the Frontier Workshop
and Q-dope reaults’, 12" Workshop on RF
Supercond., Ithaca, USA (2005)

[3] B. Visentin et a., “First Results on Fast Baking”, 12"
Workshop on RF Supercond., Ithaca, USA (2005)
and PhysicaC Vol 441, Iss. 1-2, p. 66-69 (2006)

[4] B. Visentin e d. “Optimization of Baking
Parameters for Electropolished Niobium
Superconducting Cavities’, 13" Workshop on RF
Supercond., Beijing, China (2007)

[5] P.Kneisd, “ Review of Progress on Large Grain and
Single Grain Nb Cavities’, Lecture part 1I, 13"
Workshop on RF Supercond., Beijing, China (2007)

[6] B. Visentin et d., “«Fast Argon-Baking» Process for
Mass Production of Niobium Superconducting RF
Cavities’; Proc. of the 10" EPAC, MOPCH141,
Edinburgh, Scotland

[7] http:/lmwww.xfel.net

[8] M. Altardli et a. (editors), The European XFEL
Technical Design Report, DESY, July 2006, DESY
2006-097

[9] L. Lilje, D. Reschke, “Recent Results on 1.3 GHz
Nine-Cell Superconducting Cavities for the European
XFEL”, LINAC 2008, THPO14, Victoria, Canada
(2008)

[10] D. Reschke, “Limits in cavity performance’,
Tutorial, 13" Workshop on RF Supercond., Beijing,
China (2007)

3A - Superconducting RF
811



