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25™ February, 2000.

Summary of the TESLA Input Coupler Workshop,

Laboratoire de I’ Accelerateur Lineaire, Orsay 17" and 18™J anuary, 2000.

This meeting was the third in a series of joint Orsay - Saclay - DESY workshops on the input
coupler. The aims of these meetings are to exchange ideas and to share information obtained
on the respective coupler test stands at DESY and Saclay. The specification of the TESLA
coupler is continuously changing in response to the changing parameters of the machine.
Calculations (Sekutowicz) show that, if the cavity stiffening cannot be increased, the
superstructure would need to transmit 2.6 MW for the parameters of TESLA 800 ! Clearly
increased stiffening is absolutely necessary.

Various new coupler designs were presented. ;

e an upgraded version of the DESY co-axial coupler intended for the superstructure (Proch),
» Computational studies of waveguide couplers (Dohlus, Zavadtsev) ,
e The co-axial design from the French collaboration (Grandsire).

The Orsay-Saclay coupler proposal provoked little criticism from the meeting participants
implying that the principle of the design is considered reasonable. It employs a reduced height
waveguide transition for which some low level measurements were presented. A high power
test is foreseen in March. The choice of cold window for the French desi gn is still undecided.
The existing candidates are (i) the A/2 window, (ii) the travelling wave window, and (iii) a
DESY-like cold window. A rather new topic of discussion was a comparison of the degree of
RF «Kkick » transmitted to the beam by the co-axial and waveguide options. This has still to
be assessed.

The DESY group have now obtained considerable experience with coupler manufacturing
(Martens), conditioning (lariguine) and testing on modules with the TESLA Test Facility
(Kostine). The talk by Martens illustrated the numerous procedures necessary to produce the
finished object ~ machining, cleaning, welding, brazing, copper plating, metallisation, TiN
deposition etc.. The French group still have the pleasure of this work ahead of them.

The results of the first tests of a TW wave window were shown (Travier). The relative merits
and disadvantages of such a window were outlined. The window was tested both in SW and
TW operation and illustrated a rather fast conditioning time to | MW. Nevertheless some
multipactor barriers persist although these are thought to be due to the co-axial line.
Conditioning couplers remains a subject of great importance as experience to date shows that
it takes far too long. Tests on TTF couplers at DESY seem to indicate that an argon discharge
treatment can reduce the conditioning period (Lalayan). Many of the conditioning issues in
the coupler have similarities with conditioning of vacuum systems for electron storage rings.
Studies at the ESRF have demonstrated hysteresis effects after conditioning with RF power
and baking (Rouviére). The importance of cleanliness and venting under dry nitrogen was
noted if one wishes to preserve, at least partially, the effects of conditioning.

/]



Vacuum pumping might be improved by Non-Evaporable Getter (NEG) pumps. Work
at CERN, by Ch. Benvenutti, is in progress on thin film NEG coatings (D. Proch). However,
the question of RF losses in the coating and creation of « dust » particles has to be answered.
There are indications that such a coating might be useful in the struggle against multipactor. A
new 2-D code was described for the calculation of multipactor. The code has been written to
study multipacting in proton linac cavities but will be useful also for window studies. It would
be nice to have a comparison between this code and the Helsinki code for a given problem. A
likely candidate for an NEG coating would be compounds of TiZr. Calculations and
measurements of RF losses for a coating of TiZrV are being performed at DESY (Zavadtsev).
Preliminary results show that the increased RF losses might be acceptable in view of the
advantages gained for conditioning and multipactor. TiN coating of ceramics is essential to
avoid multipactor. The French group have established a coating procedure along with an
industrial partner, as discussed in an earlier meeting. In contrast, DESY perform their own
TiN coating. Experience with coating waveguide windows and cylindrical coupler windows
with Ti in the vapour phase was discussed and the apparatus described (Lorkiewicz).

Action points

It was agree that by the next meeting we would attempt to ;

* Establish a data base for ceramics (All institiutes).

* Find a way to validate multipactor codes (Travier, Proch).

e Evaluate the transverse kick given to the beam (M. Dohlus).
* Set up a measurement of € and tan 8 (DESY).

* Learn as much as we can about conditioning from experience on e+e- storage rings.

The next meeting should take place at DESY in September 2000.

T. Garvey, Orsay 25-02-2000
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3" Joint DESY — LAL - Saclay Workshop

on High Power Couplers for TESLA

LAL - Orsay, 17" and 18" January 2000

D. PROCH

(B. Dwersteg)
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Rectangular Waveguide Input Coupler
for Superstructure

A.Zavadtsev
DESY

Main parameters of the input coupler for superstructure

. The input coupler consists of

¢ the coupling element disposed in the cryomodule at 2K temperature.

¢ the cold ceramic window at 70K temperature,

¢ the warm ceramic window disposed out the cryomodule at room
temperature

¢ connecting line pieces with two bellows.

The input coupler is connected to the gas filled waveguide from the klystron.

. The ceramic of the cold window should not be seen from the beam axis to

minimize additional possibility of the electron emission from the ceramic.

There are two rectangular waveguide bellows both sides the cold window.
Two rectangular waveguide bellow manufacturers are known at least:

e Senior Flexonics Division Calorstat, France;

e American Boa Cummings, USA.

The needed 21.7 MV/m gradient in 28-cell superstructure and 11.3 mA pulse
beam current lead to the values: Qext=2.12*10° and RF power 792 kW.

Operating frequency 1.3 MHz.

165.1x82.55 mm waveguide cross-section



| * corresponds to middle case between two cases:
=0 and E=0 in the center of the ceramic {403 in this casel:;

r=co0 and E=0 in the center of the ceramic (323 in this case).

To vacuum system - S

Cryomodule

To Warm window
and RF-generator

Bellow 9a® waveguide bend - Coupling element



Coupling element

e

L=204 mm

H=80 mm
Qex=2*10°
dQ../dL=1*10" mm"'
dQ/dh=2*10*"mm"'
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[
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Frequency f=1.3 GHz.

Ceramic: €=9, thickness t=9.84 mm.

Main mode TE;,, (in cylindrical cavity)

Main component of electric field on the ceramic surface is tangential.
IS, ,1<0.05 at t=9.84 mm in range f=1286-1313 MHz.

IS, 11<0.1 at t=9.84 mm in range {=1264-1323 MHz.

1S ,1<0.05 at the f=1.3 GHz in range (= 9.4-10.1 mm.

IS,1<0.1 at the f=1.3 GHz in range'v[:(), [-10.3 mm.

Maximum electric field on the ceramic is 1.7 of maximum electric field in
the waveguide.
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.2186e+05
.2967e+05
.3749e+05
.4530e+05
.5312e+05
.6093e+05
.6874e+05
.7656e+05
.8437e+05
9.2186e+04
4.2737e-10 |
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Mag E

8.4777e+05
.6299e+05
.7821e+05
.9344e+05
.0866e+05
.2388e+05
.3911e+05
.5433e+05
.6956e+05
.4779e+04
.8642e+00
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Mag E

5
5]
4
4
3
2.
2
1
1
5
2

.9486e+05
.3537e+05
.7589e+05
.1640e+05
.5692e+05
9743e+05
.3794e+05
.7846e+05
.1897e+05
.9486e+04
.8665e-10
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Mag* E
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.0712e+06
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Straight transition

Short
cireunt

Hot ceramice

length 8 mm h e ,\_ e
i ” .. R, [ %

O =61.6 mm
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Reflexion (dB)

1.24

1,26

-10

-30

40

-50

1.28

Frequency (GHz)

1.3 1.32 1,34 1.36
26MHz
: »
y b
* .
% o% @
. »
* » i
] » i
» »
» [
. ]
. »
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*
$
¢
4
" L=169mm
. P=39mm
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LAL General Mechanical
Design for TTF/TESLA
Couplers

e to be first mounted in the 7th and 8th
cryomodule ?

 we need the confirmation of some
tests (transition)
e Assumptions:

— 3rd generation cryostat (£ 2 mm)

— stub tuner on the wave guide before the
coupler (no adjustable antenna)

Workshop LAL 17-18/01/2000 grandsir@lal.in2p3.fr |
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[LAL General Mechanical
Design for TTE/TESLA

Couplers

 « Reduced Height Waveguide »
- transition (P. Lepercq)
— SF6/ AIR
* no vacuum, cost less money
— welded core and guide
— cost reduction (2500 $ with ceramic)
— to be tested !

‘ Workshop LAL 17-18/01/2000 grandsir@lal.in2p3.1r

6¥



[_LAL General Mechanical
Design for TTF/TESLA

Couplers

e (Ceramics brazed on titanium collar
— easlest way to be made
— less dielectric losses expected
— T1/SS transitions made by brazing
— transitions welded (T1/T1 & SS/SS)

— exception: inner collar of cold ceramic:
Copper

Workshop LAL 17-18/01/2000 grandsir@lal.in2p3.{r

o
O
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[LAL General Mechanical
Design for TTE/TESLA
Couplers

e Coax

— optimised thickness
* 0.2/0.5/0.2/0.1 mm + stiffening collars
* made by grinding
— rigid couplers
e +2 mm in each direction
 just 2 very small bellows
— copper coating
* 5 microns everywhere except for:
— bellows ( probably tolerable)
— titanium (very difficult coating)
— length

* a little bit longer than current coupler

Workshop LAL 17-18/01/2000 grandsir@lal.in2p3.fr




LLAL General Mechanical
Design for TTEF/TESLA
Couplers

e Static losses (w)

LAL Ferm. DESY

2K 0.035 0.03 0.051
42K 042 032 0.39
7TK 048 2.2 1.65
RT 140 135 160

e RT =800*L2 + 250*L4 +14*L77

Workshop LAL 17-18/01/2000 grandsir@lal.in2p3.fr




ILAL General Mechanical
Design for TTE/TESLA

Couplers

e Coax (II)

— rigid connection between cryostat and

waveguide
* to protect the warm ceramic
— closing
« compensation of clearance by welded
flanges
Workshop LAL 17-18/01/2000 grandsir@lal.in2p3.fr

73




LLAL General Mechanical
Design for TTF/TESLA
Couplers

e Cold ceramic
— 3 options
« TW
e Cylindrical type (Desy type)
e A/2 (or twin-disk)
e Connection to cavity

— 61.6 mm diameter ?

Workshop LAL 17-18/01/2000 grandsir@]lal.in2p3.fr

<4



Discussion of the Proposed Orsay-Saclay Coupler Design

T. Garvey (LAL, Orsay)

The French design is based on the following two assumptions (already discussed at the
previous meeting) ;

(a) No variation is required on the antenna depth of penetration (Qext variations are assumed
to be done with a 3-stub tuner in the upstream waveguide).
(b) The longitudinal motion due to thermal shrinkage is <+ 1 mm.

These assumptions were accepted.

The following comments were made ;

- the stainless bellows must be coated,

- the overall coupler length is not necessarily fixed by the case of TTF,

- some mechanical flexibility is needed between the warm window and the WG transition,
- calculations are needed to check what we gain in going to 0.1 mm co-ax tube width,

- welding the warm part of the coupler to the cryostat is acceptable,

- we need to look seriously at how the coupler is mounted to the module,

- it was pointed out that the superstructure flange is intende to be ¢ = 80 mm and not 60 mm.

— Options for the French group ;
(1) Design ¢ 80 version of existing proposal,
(i1) Stay with ¢ 60 and employ a « taper »,
(iti)  Propose 60 mm flange for Superstructure and design ‘intermediate’ stage

coupler (480 kW coupler, see transparencies of Sekutowicz).
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D.V.Kostin, M.V.Lalayan, W.-D.Moeiler, D.Proch, S.N.Yarigin. DESY, Hamburg.

Couplers Sonditioning.

Total test time:
RF ON time:
RF OFF time:

342hr.

245hr. (72% of total time).
97hr. (Open tunnel time 24hr.)

Performance:
Test conditions: TW regime, On Resonance (with tuned cavities).

Power was limited by Klystron (~380kW max. per coupler).
Power rise time limited by coupler vacuum (2.5x 10-"mbar max.),
also e- at long pulses (=300us) and several minor problems.
Electron pick-ups (e sensors) signal was in range of 0.5+1.5V,
(1.5V corresponds ~300pA).

Rise time (only RF ON) for rectangular pulses at 1Hz rep.rate:

07.10 -25.10.1999

Pulse 20ps 20us 50us 100us 200us
Prormax KW | 250 380 380 380 380
time, hr 11 3 2 3 5

Pulse 300us 300us 400us 500us
Pror.max KW 250 350 300 260
time, hr 2 1 2 1

Rise time (only RF ON) for rectangular pulses at 10Hz rep.rate:

Pulse 20us 50us 100us 200us 200us
Pfor.max KW 360 360 360 300 340
time, hr 1 1 1 0.5 0.5
Rise time (only RF ON) for FT puises at 10Hz rep.rate:
Pulse 240us 440us 440us 640us 1040us 1200us
Pfor.max KW 350 250 350 350 340 350
time, hr 3 1 2 0.5 2 2"

* with bias voltage 2.5kV on.

Main Problems:

a.

b.

1 Hz repetition rate.
Klystron IL events.

VAC.Cpl and e IL events.

Spark, PM, WG Spark IL events caused by X-Rays.
10Hz Repetition rate.
Klystron and Modulator IL events.
Klystron Gun Voltage jumps.

VAC.Cpl IL events.
Cavity 8 Quench (3 times, at FT 240+800us,10dB,350kW)
Coupler 2 behavior at high gradient. Knob heated up (Atmax=+30K).
It looks like thermal flow goes from center of coaxial part.
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Fig.1. TTF Module layout.
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Fig.2. TTF Module Input couplers performance.
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TESLA resonators were tested. Maximum Eacc was determined for each cavity.

Cryo losses measurements were done. Maximum accelerating gradient was obtained
in region of 18+30MV/m limited by thermai breakdown in cavities, no limitation
from couplers performance was present.

Main Problems:
s Klystron Gun Volitage jumps.
e RF Loop operation is too noisy.

» Coupler 2 behavior at high gradient. VAC.Cpl IL events.
¢ Klystron IL events.

3. Mcduie tesi. 09.10 -14.11.1999

Power was connected to all cavities normal way save cavities 1 and 8,
because they have lower maximum Eacc values.
Cavity 1 has 1.1dB and Cavity 8 has 3.0dB attenuation in WG.

Operating at FT pulse, 1300us, Pfor.max.=185kW
Maximum non-stop time: 11hr.
Maximum time without the Quench:  22hr.

Electron sensors still registering some activity (0.2+1.5V)

On coupler #3 e- pick-up voitage holds on 1.0V ( ~200pA) level.
Coupler #2 knob Atmax=+7K.

Couplers Vacuum level dropped from 2x 107 to 2x 10-mbar within 72hr.

Main Problems:
e Klystron Gun Voltage jumps (with 3.0+6.5kV amplitude).
s Klystron Modulator IL events (12.11-14.11 —» 17 events)

4. Moduie tesi {continuation). 18.11.1999

Eacc=22+1 MV/m reached with beam.

Main Probiem:

Coupler #3 Quxr dropped drastically, no operation was possible.

Coupler Vacuum jumped up to IL level, 3 e- pick-up filters were destroyed.
HV input impedance measured was 18MQ (must be infinite).

Probably, that was caused by plasma discharge in warm coaxial part.

After disconnecting HV and shortening of HV input problem disappeared.
Exact cause of this can by discovered by disassembling.

5. Conciusion.

TTF Linac module #3 operation allowed its multiplicity of different systems and parts to be tested in
order to determine the performance of superconducting linac module as a whole. As a primary goal
of this test superconductive TESLA cavities performance investigation should be named, but many
other systems must be put under test as well. TESLA main couplers are one of such parts.
Performed test operation showed that TESLA couplers apt tc meet needed requirements for linac
operation and the main limitation of accelerating gradient increasing are resonators themselves.

Minor problems accounted with TESLA couplers are nevertheiess important to be investigated and
could be solved by gaining more experience on this way.
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TTF-Coupler-Workshop
Saclay, 17./18.01.2000

Experiences and problems in designing and
manufacturing coaxial couplers

by Cornelius Martens, DESY

Introduction
e the coaxial concept, warm window

e prefer welding instead of brazing (so copper-plating is necessary)

Machining and cleaning cylindrical Parts

e machining cylindical parts

e cleaning and transport
Welding and Brazing

e welding

e heat procedure

e brazing copper-rings and 4.5K-connector
Copper-plating

e 1nner and outer conductors

e cleaning and package

e What’s not to cover?

Standard-procedure for copper-plating

Manufacturing ceramic windows
e manufacturing and accuracy
e material
e metallisation
e brazing
e TiN-coating
e EB-Welding
e Standard-procedure for ceramic-handling

e Some points for handling and mounting UHV-components

+7
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Introduction

e all manufactured couplers for TTF are coaxial.

¢ difference between coppler!l and III is the warm window under
atmospheric conditions (two instead ofwee vacuum components).

e coaxial line 1s welded and copper coated

Machining and cleaning

e machining without problems

e cleaning (washing-machine) and washing in clean, destilled water.

e natural surfaces prepared with a special liqiuidity to avoid oxidates
(,,Passivierung®).

Example: Waveguide windows after acid-procedure. Spots or dirt is visible

after acid procedure and heating. Reason is not clear at time.
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Welding and brazing

e no problems with welding cylindrical parts.
e leack-test after every step.
e cleaning with destillated water (washing-machine) and next
e heatet-procedure at 800°C for 1h for stainless-steel (before coating!)
e transport and rest in transport-vessels for each assembly or in special
paper (no dust or fluff-paper). Avoid polymere-packages!
Example 1: Inner and outer conductor
Example 2: welding waveguide for coupler.
e solder-Part: copper-ring at cold side flange without coating.
Example 3: problem gap: use of solder-ring instead of foil. Secound problem:
deformation of copper-ring.

Example 4:4.5K connector. Cu-ring was not correctly positioned at brazing.
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Standard procedure for Coppler-plating

e All parts and welded assemblies have to be be clean. There shouldn't be
lubricants on the surface.
e The last cleaning should be done with destilled water.

o Heat the parts at 950°C for two hours (stainless steel, the matenal for

flanges can be 1.4429)

e The tripel R should be defined by the customer.

e Tolerances for copper plated komplex parts should be equal or higher than
+30% (for a tickness between 10 and 40p). For example inner conductor
with bellow: 10p+3 . Higher accuracy 1s not reachable.

e The regions of seals (Cy-Flange) shouldn’t be coated.

e Ldges of CF-flanges shouldnt be coated.

e Threads (for screws) shoudn't be coatet,

¢ No interesting surfaces (outer surface of an outer conductor) needn’t be

coated but they can! This minimizes costs.

¢ These points should be remarked in the drawings.
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Manufacturing ceramic windows

manufacturing is done by WESGO Ceramics GmbH/Germany

cold pressing of material and heating under melting-point (1700°C).
material is A1300 (not pure Al,Os, bad quality of metallisation —>share of
glas-matrix).

surfaces are smoothed.

accuracy of ceramic procedure: £1% 1s reachable.

ceramios are metallised in the ground of the left- and rightside gaps. (Mo-
Mn-film, then Ni-coatet). This metallisation has to be soldable.

The metallized ceramic is heated at 800°C (or higher) for one hour.

Problem: grey spots on ceramik-surface

brazing copper-rings at 780°C with Silyer-Copper Alloy (AgCu28).
Ceramic should be covered.
Example 1: in the past: dirty stove at desy (DESY bought a new one).
Example 2: bellows with less mner dimension. (eb-welding) (4]

fitanisation in two steps (thickness of 100A). The welding area should be

covered.

Standard procedure for ceramic-handling.
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Standard procedure for ceramic-handling

» Not every ceramic material is usable for metallisation. A shared glas-
component in the matrix is needed (e.g. AI300 WESGO).

¢ All ceramic parts should be clean. Ceramics shouldn't be touched. Or if
necessary only with clean gloves. Never touch the surface with fingers.

e Don't wash or win the surface.

¢ The metallized ceramic will be heated at 800°C for one hour. The heat-
procedure should be the last cleaning-step.

e Cover the ceramic-surface if brazing.

e After brazing (Ag-Cu-Alloy, 780°) heat the ceramic at 350°C for one hour.

e Transport and rest only in vessels or packed in special paper (no fluff/dust

paper). Rest in Nitrogen is usual.

2
J
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EB-welding

e EB-welding is done by ACCEL/Germany
e antenne is covered with titamum-sheets

e shriking between 0.2 and 0.4mm for each ring
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Copper-plating
e coating is done by Collini-Flilhmann AG/Switzeland.
e vacuum-assemblies cleaned and heated in vacuum at 950°C for 2 hours
e reachable accuracy of tickness: £30% for complex structre (e.g. bellows)
e thickness of inner conductor from 27 to 45t
e thickness of outer conductor from 7 to 13u (current is lower).
e cleaning with destilled water, drying in Nitrogen-atmosphere
Example 1: bellow with leack after Copper-plating
e transport in vessels for each assembly (avoid damages!)
Example 2: holder of Cu-antenna.
e 1o directly touch is allowed! handling only with gloves
e defining the metallized surfaces is important.

Examples: regions of seals (Cy-flange), edges for CF-flanges, threads. Outer

surfaces needn’t be coated but they can!

e Standard-procedure for Copper-plating.



TESLA coupler Workshop
Orsay, January 17-18, 2000

Results from the Travelling
Wave Window tests

C. Travier (CEA Saclay)

Outline

- Travelling wave window design
- Low level RF measurements

- Power test stand

- RF conditioning

- First power cycling

- Steady state TW operation

This talk is based on the publication « Design and test of a
1.3 GHz Travelling Wave Window » made at the Santa Fe
SRF workshop.

ek



Travelling Wave window design

- Concept first proposed by Kasakov (1992)
- First application to coaxial window for

Tesla coupler by Mosnier & Hanus (1995)
Principle

Establish a pure travelling wave inside the ceramic

How to achieve it

Use matching inductive or capacitive
components on both side

Matching iris

AN
.

Mosnier & Hanus design

Avantage

- Reduces Electric field inside the ceramic
- Allow to use a thin ceramic (reduces dielectric losses)



Present Travelling Wave
window design
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Advantages

- low field at brazing point s« of coax inner conductor fieta)
- low dielectric loss (17 W @ 1 MW-1% duty cycle)

- great flexibility in parameters choice

- potentially moderate cost for large number

- no multipactor

-no direct view of cavity electrons

- large diameter «so mm)
" high ﬁeld on noses (2 times coax inner

conductor field)

Drawbacks

- difficult to clean
» NArrOw bandwidth (60 MHz @ 20 dB)



Mechanical design
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2 windows were fabricated by SICN

‘both, with copper inner conductor
-one with copper outer conductor
-one with titanium outer conductor

- AI300 (97.5 %) from WESGO was used
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Low level RF

measurements

€ =9.5 is deduced from A/2

window measurements

Larger discrepancy
between measured und
computed curve for
copper window is due to
less precise dimensions
mesurement

~ T 7= ractoal geometry for Cu window ¢ =95 (Superfish simulation
actual geometry for Ti window & =9.5 (Superfish simulation)
~-®--low level RF measurement Cu TW window

~—®—low level RF measurement Ti TW window
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Superfish simulation of actual geometry for Ti TW window
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Conditioning procedure

Fixed parameter: Pulse length 0.8 ms

—» Power =0

Ngood
(2)

Good pulse =
good pulse + 1

.....

Hardware interlock

10 = mbar ¢- and light are fast intermlocks (5 Ls)

vacuum is slow interlock: next pulse

¢- threshold: 5 mA

Light threshold: 108 photons

Vacuum threshold: 105 mbar

Outgassing
107 mbar

After a few ramping, Pmax is increased, until one reaches 1 MW



Test stand

transmitted RF power

ion pump ion %ump
I I T ] load
PM1 or
- short
waveguide
1 window
TW window
incident & <_]
reflected RF
power
cryostat
klystron

PM2
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Cryostat

window to test

inside view



Operating sequence 483,000 pulses

Nraes ! | PO | Tempera T Comment
0-1000 | 230 cbnditioning
10-400 250
1400-650 250
1300-1000 250
500-1000 250
Standing wave operation
44,400 0-1000 230
8.000 0-1000 230 105 |cooling
7.000 1000 105
26,000 0-1000 1108
12,000 1000 105
0-1000 105
100 175 Window baking
0-1000 105
1000 105 Losses measurement

0-1000 105
0-1000 250
1000 250 300
0-1000 300
1500-1000 [105
0-1000 300
E: {1000 300
; 700-800 300
1000 300

6



Conditioning

I MW was reached after 21,000 pulses

This corresponds to 58 hours @ 0.1 Hz and 6 hours @ | Hy
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Vacuum

Light

Electrons

Upstream vacuum (mbar)

Upstream photomultiplier (V)

Upstream electron PU (V)

Signals during conditioning

Upstream
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Light

Upstream photomultiplier (V)

Electrons

Upstream electron PU (V)

Signals during conditioning
(vs. Power)

10 L

10 £ :

Upstream

Doorknob
transition

0

S S WIS ST U DY P N D
00 200 300 400 S00 600 700 800 900 1000
Power (kW)

l ) %_J_A_LJ "

0

TR PP BTETS DT PTTNS N | N SV U
100 200 300 300 500 600 700 800 900 1000
Power (kW)

Downstream photomultiplier (V)

Downstream electron PU (V)

409

=
T

-~
T

Downstream

"\ :11’;\:5«’?

PP

e
ey

P st NUWE DU N

]

il 1
100 200 300 400

. PP NN
300 600 700 800 900 1000
Power (kW)

er (kW)




Light
Upstream photomultiplier (V)

Light

Vacuum

Signals during first complete

power ramping (vs. Power)

0’

Upstream

=

I FUNUE VI SV I NN TV SR PRI T
100 200 300 400 500 600 700 800 900 1000

Power (kW)
—_ 02
e 0 {
s o8 The ymoath !
Souel  signal has been ++
5 U substracted ¢
£ 014 M
S :
2ol +
[=% L
E 01 ]
s i
= 0.08 [
i 4
0.06 . + _
(» ¢ ** +
0.04 e * + +++
L e
002l e +’ ¢ ! '+ ++
oo 4% had
0H11PL+I+.;£J” - A T
400 500 60 700 800 900 1000
Power (kW)
N10
o012 F
4
2
E ﬂL '
ep 1T oL
£ t
& ¢
Foos [
g ¢
E b
F 006 - ’ ¢
2 I
g te,
- .04 - . " .
LI * S 3
L
002 Fye. | & oy
Yoo " S00 000 Bon 200 1000 1100
Power (kW)

Downstream electron PU (V)

-
=

m'zm. I A Lovaadaial Loaaad H
0 100 200 300 400 500 600 700 800 900 1000

Downstream

= e

Power (kW)

Downstream light = 0
Upstream e- = 0

Barriers Barr
arriers

found on found on PM
vacuum signals (kW)
signals

435 410

490 515

555 555

585 -

645

635

705

715

745 745
860 860
940 960

1005

990

Electrons



Steady state operation:
conclusions

- operation in standing wave regime at high power
helped the processing of the doorknob transition

- at the end, back to TW operation, only remains a
very low upstream light signal
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- on downstream side, the 700 kW coax multipactor
barrier is still visible, but the corresponding
outgassing is only 3 10 mbar

- we didn’t observe any difference between operation
at 100 and 300 K

- dielectric losses inside the ceramic are not
measurable (20 mW with our duty cycle)

At



Argon Discharge Treatment of Input
Couplers

D. Kostin, M. Lalayan, W .-D. Moeller. D. Proch, S. Yarigin. A.Zavadtsev

DESY

l. Present state of TTF 2 — type couplers

RF processing rate for different coupler pairs tests

(ume needed for RF power reached target value on each pulse length)

350

Pulse length

B8 1300 us
800 us
600 us

s
==
==
=

400 us
200 us
100 us
50us
20us

Time, hours

AC1 AC2 AC3AC4  ACS5DE5

DE2 DET
Coupler pair test

DE6 DE7 DE8 DE9

Problem: Processing is too time-consuming.

Proposal: Use RF-driven discharge in Argon under controlled

conditions to clean-up surface

/12



2. Argon discharge treatment procedure

2.1. Ar-treatment place in the Main scheme

Vacuum pumping + baking at 200 °C
Ar - process

Pumping

RF procedure on 20us, 50us ...

2.2. Modification of RF scheme for Ar-processing

To obtain uniform treatment of RF surfaces we made standing wave phase shift using:
a. Long RWG is connected to output coupler
b. Frequency sweeping 1.95 MHz

=> Standing wave phase within test stand shifted on A /2

RF—scheme for RF—conditioning

WG Dir
coupler

Warm windo
/ arm windows \

RF Y
— 7 ﬂ \, j L\ E ‘ Absorbing foad
@J [a_‘ Cold windows

]

Cawvity

Modified RF—scheme for Ar processing

WG Dir WG Dir

couple couple
coupter L Warm windows . UT '

o I el

fr Cold windows

U

50 m

A
4

M3



2.3. Algorithm

A. Oniy input coupler filied with Ar at 10 mbar ishightly higher than Paschen curve
minimum)

e RFis on tor ~1 hour

* Exchange Ar with tresh one

e RFison for ~1 hour

® Pump Ar out of input coupler

B. Only cavity filled with Ar at 10 mbar.
e Procedure is the same

C. Only output coupler filled with Ar at 10 mbar.
® Procedure is the same

Input coupler Output coupler

Cavity

2.4. Diagnostics and handling soft discharge during Ar-process

RF power control:

Pulse length 20 us
Repetitionrate 2 Hz
RF power level up to reflected power appeared

Sensors
Light — switched off
electron pickups
pressure — Ar pressure is controlled manually
P reflected
P forward
P transmitted

4 ///jq



Comparison of typical input coupler test

and test after Ar treatment

Forward power vs. time

Time, hours

150 ~

100

50 +

A
Rewsrios 5

After Ar
treatment

+

Pulse iength

| B 1300 us |

800 us
600 us
400 us
200 us
100 us

50us

20us

—
After Ar
treatment

i
+

DE6 DE7 DE8 DES DE11 DE10

Coupler pair test

NS
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3. Modification of Argon Processing Algorithm

A. Sequence changing

1. Vacuum pumping of all volumes

t9

|

. Fill with Ar at 10 mbar output coupler volume and do RF process
- Ar pressure increasing in output coupler to 100 mbar

Fill with Ar at 10 mbar cavity volume and do RF process
Ar pressure increasing in cavity to 100 mbar

Fill with Ar at 10 mbar input coupler volume and do RF process

. Final pumping out

Paschen curve for Ar

s

Sparking potential, V_

; Increased Ar pressure
5000 ~ 100 mbar

Ar processing, 10 mbar
0 v T

i M I M i T 1 H ¥
0 50 100 150 200 250 300 350
pd, mbar xcm

1K
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Improvement of Coupler Processing in

Chechia and in Cryomodule

Frequency sweep during Ar and RF conditioning

Smith chart

Qo = 5*109
Qow = 3%10°
f() = 1.3 GHz

Frequency sweep 1 kHz

Electric field maximum displacement in coupler is equal to A / 2

( 115 mm in coaxial line)

A0



3" Joint DESY - LAL - Saclay Workshop

on High Power Couplers for TESLA
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Control signals limits determination.

a. Vacuum

[t is measured by current of 1on-pumps.

IL value is 1x10™.

Soft limit is 2x10™".

This corresponds to the highest safe stable value, at higher values
the probability of discharge increases rapidly (as of our experience
with TTF couplers). It is possible to maintain power increasing if
the vacuum is about this value (with our speed vacuum measure-
ments and response in power). Probably it is possible to work at
higher values, but only with faster response and measurements.

Currently response in power take 20-30s, it is a program cycle. At
2Hz repetition rate it means 40-60 pulses.

It 1s necessary to work at highest value as possible to achieve the
highest speed of RF-cleaning.

Vacuum now is the main parameter of processing and clean state
indicator.
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b. Electron current

The pick-up antennas on the outer coax wall are used for DESYII
coupler.

There are three places:
warm part top (e-3),
warm part bottom (e-2),
could part (e-1).

All earlier tests were done with cards, which give 1V output at
500mkA, and have a saturation at about 1.8V.

The 30V voltage is applied to each pick-up.

~1385 =W 7
Last measurements shows, that at pressure 2x10 ~ we have a cur-
rent about 2mA. (card satvration at 1,36~2 mA)

IL limit is at 3v. It corresponds to the 170mkA CW (180kOm).
Card has some integration circuit, so it allow more amplitude at
short pulses.

These old e- monitor card can not work with pulses less then
100mks, it makes unreliable output in this case and should be cali-
brated in a way, different from long pulses or CW.

At the last week new fast cards was tested, they have limit of
2mA at I'V scope output. IL integration constant was not yet cali-
brated. That cards can measure pulses shorter then 15mks.

[t is possible to use whole inner-coaxial as e- pick-up, in this case
the integral current will be seen, but it is difficult to apply at the
same time HV.



During the process the next parameters are monitored:

Vacuum in each part of test-stand.

Electron current through e- pick-ups.

Light in RWG box of couplers.

Temperature of warm window (by IR).

Temperature of could window (by touch-thermometer at 80k

flange).

Spark detector to indicate a brake-down on the air part of warm

window.

There are two kinds of limitation for this parameters: program
soft limits and hardware IL limits.

If IL limit is overcome for some of them then hardware will
switch the power off completely.

It soft limit is overcome then control program will decrease the
Input power in some rate (typically 0.1..0.3 dB).

c. ML investigation procedure.

First clean coupler without HV and with 600mks pulse up to
1000k W, like in previous steps.

“Clean”-means that all control signals are below the soft limits,
so there is no probability to receive problems in power region up
to 1000kW.

Then at each HV value power goes from 10 to 1000kW and down
two times (2 times sweep).

After all the signals are analyzed in order to obtain the ML
regions for each HV value.

AN
»
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The Main processing sequence.

a. Baking

Normally backing is carried out after the assembly of coupler at
test-stand and vacuum leak check.

Main purpose of it is to remove water and oil from surfaces.

The procedure is next:

1) increasing of temperature in 20C steps up to 200C.

I) Stay at 200C until the pressure in couplers start to goes down.

1) Step decreasing of temperature back.

Total time required is about 2 or 3 days. During the backing
pumping is carried out by ion-pumps.

Pressure is maintained below 10-3mbar in order to avoid Cu oxi-
dation.

b. Pulse RF cleaning at travelling wave.

Purpose: Remove residual dirt and field emission sources.

The main sequence looks like it shown below.

All process goes at 2Hz repetition rate.

Procedure for each pulse length from 20, 50, 100, 200, 400 mks:

1) Power rise up to 1000kW.

I) Maintain power at 1000kW for some time
(typically about 20min to 1h).

I) Power decreasing to about 10kW and switch to the higher
pulse length.

Procedure for each pulse length from 800,1000,1300 mks:

1) Power rise up to 250kW.

1) Maintain power at 250kW for some time (about 20min to 1h).

I) Power decreasing to about 10kW and switch to the higher
pulse length.

This sequence was applied as initial step for most of couplers in
the last time. .

e
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Picture 1: Coupler diagnostic.
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Test processing of TTF input couplers.

1. Preface

At TTF we treat the coupler at 3 different places:
1) 2 couplers test

1) Horizontal test

1) Module

Here the first one will be observed!.

2. Couplers conditioning at 2-couplers test-stand.

Goals in rough priority order.
I) Check functionality of each coupler.
1) Make the first high temperature and RF cleaning of each cou-
pler.
1) Investigation of multipucting with HV and without HV.
[) Investigation of different control signals (e-.vacuum, light)
during RF operation.

A

t. Not all couplers/cavities go through the horizontal test. the main points are the same for all tests. horizontal
test is similar to modul operation
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c. Light

Light is measured at the RWB box of DESYII coupler.

Card and photomultipliers are calibrated to see up to I lux light.

IL limit is currently set to 0.5 lux.

Soft limit is about 0.4 lux.

At some conditions it should be adjusted lower, in order to
receive stable operation without IL’s. These values roughly corre-
spond to the vacuum ones. That is: if light is constantly at 0.4 lux.

the vacuum should be in a region around 2x107".

Light measurements are fast enough to see 10mks pulses.
Because of glossy Cu surface, it is possible to detect light in whole
warm part, but probably with different absolute value.

d. Temperature of windows.

Warm window temperature can be detected by IR sensor.

Could window temperature is detected by temperature of outer
conductor near the 80K flange. Which is not so precise.

The IL value is set to 40C.

No any troubles were encountered with DES Y]] windows tem-
perature. Because temperature measurements are very slow, they
can not be effectively used for rapid power control during condi-
tioning.

3. Some Conclusion.

I) We are not pleased with time of processing.

2) Our diagnostic is not perfect, only vacuum is more or less reli-
able.

3) Limitations for e- have Improper settings now

. : : -7
4) Pressure limits can be set a little higher, 4x10 "mbar.
5) May be it will be good to implement some experience of
CERN couplers processing to our side.

N30
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DESY LAL/CEA Coupler Workshop
Orsay, January 17-18/2000

SECOND LAMBDA/2 WINDOW
PRELIMINARY RESULTS

C. Travier (CEA Saclay)
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Lambda/2 windows
[y Ditterences between the 2 windows during tabrication
First Window:
- ceramic brazed onto Cu and Kovar collars

- TiN coating
- E-B welding of flanges

Second Window:

- TiN coating
- ceramic brazed onto Cu and Kovar collars
- E-B welding of flanges

2) Differences during conditioning

First Window:
- conditioning (@ room temperature
- conditioning under SW regime
- 30'000 pulses to reach 1 MW
- than "dramatic event" that induces ceramic
coating with copper
- 300'000 pulses to recondition to 1 MW

Second Window:

- conditioning @ 100 K
- conditioning under TW regime
- 180'000 pulses to reach 1 MW

Y

i
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3" Joint DESY — LAL — Saclay Workshop on
High Power Couplers for TESLA

LAL - Orsay January 18", 2000

Conditioning the couplers

- avoid the volumes difficult to pump,

- condition at high temperature (300°C), following the indications of
the RGA,

- ventil at atmospheric pressure under dry nitrogen

- condition in situ with a bakeout at 120°C, following the RGA

(H20 decreases)

- condition with the RF power on, under vacuum with a
turbomolecular pump with a high compression rate,

- when the satisfactory pressure is obtained (1. 10-8 mbar) , strart the
ion pumps

Preventive measures

- use a fast vacuum interlock (VAT) with a reponse time of a few ms
(threshold at 1.10-7 mbar or less)
- use a visual detection of the emission light by camera.

Remarks

- there 1s a memory effect after a conditioning with bakeout and RF
power

- ventilating under dry nitrogen and good conditions of cleanliness,
allow to lose only 30% of the conditioning,

- at the ESRF, the vacuum interlock threshold is now at 5.10-8 mbar.

N. Rouviére
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A 103 Cavity (elliptical)
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C Benvenuti et al: Decreasing surface outgassing by thin film getter coatings

Effective Desorption Yield {molecules/electron]

107 A=ttt
100 150 200 250 300 350 400 450

Heating Temperature [°C]

Figure 5. Effective desorption yield of H,,.CO, CO, and CH, for an equiatomic TiZr coating. The measuring conditions are the same as indicated for
Fig. 2. *Elfcctive™ here indicates the net desorption per impinging electron, as resulting from the competing action of surface degassing and pumping.
Since CH, is not pumped, the measurements represent a real desorption yield for this gas.

1000 T T T T x T T T T ] T T T T I T T T T 1 T T T T l T T T T ] T ¥ T T

800

400

Pumping speed [I/s]

200

100 150 200 250 300 350 400 450

Heating Temperature [°CI

Figure 6. Pumping speed variation as a function of the heating temperature for H; and CO of & TiZr coated sample. The measurements are carried out
at 20°C after 2 h heating at the indicated temperature. - B
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Figure 1. Schematic view ol the vacuum system used l'ond Pumping Speed measurements.

ESD

closed. During all mecasurements the system is pumped by a

turbomolecular pump providing an cffective pumping speed of

about 7515~ for H..

For ultimatc pressure measurciments, two chambers 1 m long,
16 ¢m diamceter, providing a total coated surface arca of about |
m?, arc linked together and conncected to a pumping system via
an orifice of 25 I's~' conductance for H,. The pumping system,
cquipped with turbomolecular, sputter-ion and titanium sub-
limation (nitrogen cooled) pumps, is capable of an ultimate pres-
sure lower than 107" Torr. At the free extremity of the coated
chambers the pressure is monitored by means of an improved
Helmer type gauge, able to measure pressures down to the 107"
Torr range.*

Results

Pumping specd and ESD measurcments have been carried out
on chambers coated with Ti, Zr, Hf and some of their alloys.
The results obtained on clemental coatings arc shown in Fig. 2
together with those relative to a stainless steel vacuum chamber
vacuum fired at 950°C.*

Titanium follows closcly the stainless steel reference curve up
1o 300°C, and then quickly drops by two orders of magnitude at
400°C. Hafnium and zirconium arc slightly worse at the begin-
ning, but activation starts at lower temperatures (about 200°C)
and scts in morc progressively, to reach the same value as titanium
at 400°C. The results of Fig 2 arc a clear indication that these
clements are adequate for use on stainless steel chambers made
of copper or aluminium alloys.

58

The results obtained on cquiatomic binary Ti, Zr, H{ alloys
(produced by mcans of composite cathodes made by inter-
twinsting two wires of different materials) are show in Fig. 3.
The alloys display a lowcer activation temperature compared to
clemental coatings, and the lowest activation temperiature cor-
responds to TiZr. In this casc activation starts below 150°C
and is practically completed at 300"C. Two hours at 250°C arc
sufficient for an almost complete activation,

Since Ti and Zr mixing provides the lowest activation tem-
perature, the composition of the TiZr alloy has been varied by
using cathodes obtained by intertwinsting two wires of onc
clement and one of the other. The results, shown in Fig. 4,
indicating that the equiatomic TiZr alloy still provides the lowest
activation temperature,® and that conscquently it is the most
adequate for applications where the heating temperature must
be reduced to a minimum. This conclusion agrees with results,
reported in literature,*” obtained by measuring the weight
increase while heating samples of different Ti and Zr content in
atrat 700°C. In this case, the weight increase presents @ maximum
corresponding to cqual atomic concentrations of thesc two
clements, showing that this composition provides the highest
oxygen diffusion coeflicient.

The “effective™ desorption yiclds (desorbed molecules par inci-
dent electron) for H,, CO, CO, and the rcal CH, desorption yicld
for the cquiatomic TiZr alloy arc shown in Fig. 5.* Note the
very fast decease of CO, and the fcading presence of H, at all
temperatures. All the other samples with different composition
also display a similar behaviour.

The variation of pumping speed as a function of the heating

166
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‘in (GHzx mm)* x Ohm?),
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Vith typical design param-
»o large Kinetic energy for
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ehavior of the multipacting
standing wave to the trav-
vanishes. We repeated the
vith no reflected wave, and
hift according to the simple
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Ficure. 2. Multipacting counter function for the test cavity
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A Brinkmann. MHF - SL

7000

6000

3000

Multipacting duration t [s]

1000

TEST 1:
TEST 2:
TEST 3:
TEST 4:
TEST 5&:
TEST 6:
TEST 7:
TEST 8:
TEST ¢:
TEST 10:

TEST 11:
TEST 14:
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Test of NEG - Coating

as recieved

after 24 h at 100°C

after 09 h at 200°C

after 24 h 200° C

flooded with dry N,,Probes put out and in
after 24 h at 200°C

after 5 days of pumping, not heated
flooded with dry N, up to 1 mbar for 1 h
after 24 h at 250°C

after 24 h at 100° C. MP-Test starts at 50°C. during
cooldown

after 20 h at 250° C

Cu-Probe as Reference
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RF Losses in Cu Surface
with TiZrV Coating

D.Proch, A.Zavadtsev
DESY

Copper surface of the fundamental mode input coupler may be
coated by some material (for example TiZrV) to decrease
secondary yield and thereby to decrease multipacting.

¢ Operating frequency f=13GHz

¢ Conductivity of TiZrV 6, =0.0286%10" (Ohm*m)’!
¢ Conductivity of Cu 0> = 5.8%10" (Ohm*m)’'

¢ Coating thickness t=1um
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The current density in the wall is

J. =Asinh7 x+ Bcosht x

LY

T |
o

I

Penetration depth in the coating material is

5= |

e e

. 7,0
sinh7t+ *—coshrt
TIO-?_

7,0, .
cosh7,t+ “—'sinh7 ¢t
Tl 0'2

Surface impedance is

: R
sinh 7,1 + RCH coshtt
x=0 — (1 + Z)R -

Co
; cosh 7t + —“sinh 7t
Co

7=-L
H

Rc, and Re, are the surface resistance of the coating material
(TiZrV) and Cu.
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Surlace/Cu resistance

Surface/Cu resistance
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. The test cavity 1s destined for the measurement of the

surface resistance in the Cu-surface coated by TiZrV.

. The existing Cu-samples coated by TiZrV should be used.

These samples used for multipacting investigation in
DESY earlier.

. TEy;-mode 1s preferential because it has highest Q-factor

and there 1s @-component of the surface current only, 1.e.
there 1s no contact problem in the cavity.

. Operating frequency 9 GHz was chosen because:

. the surface resistance of the coated surface increases
with the increasing of the frequency, and therefore the
measurement accuracy increases also:

. sample size corresponds to the size of the TE; -
cavity approximately at 9 GHz.

. 940 __ Sample

ia =




Q-factor of test cavity vs. coating thickness
for coating conductivity 0.0268*10" (Ohm*m)"

coating Qeu
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0 se10 telg Pselg 0
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Test cavity parameters and resistance measurement

Cavity material Cu Cu + TiZrV coating
Calculated parameters
Frequency, GHz 9 9
Coat. thickness, um 1
Coat. conductivity, 2.86*%10°
(Ohm*m)’’
Relative surface 1 1.039
resistance of the
Sample Rsamnle/ RCu
Q 28610 28350
k 0.237
MEasurd parameters

Rcy k

sample | L1 Ocu B

k is the power loss in the Cu sample
divided by the whole power loss in
the cavity without coating.
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Conclusion.

- RF power loss increasing because the coating is (}.4% for

fum coating thickness and 0.0286%10° (Ohm*m)
coating conductivity.

. RF power loss increasing because the coating is —.>% for

I LLm coating thickness and 0.2% 10" {Ohm*m)"' coating
conductivity.

. RF power loss increasing because the coating is 2 {1mes for

[Oum coating thickness and 0.0286%10" (Ohm*m)”
coating conductivity.

RF power loss increasing because the coating is 4.8 times

for 10Win coating thickness and 0.2*10" (Ohm*m)"
coating conductivity.

. The result of the measurement of test cavity is surface

resistance at 9 GHz. There are two indefinite parameters for
the coating: thickness and conductivity. We can assume that
one of them is equal to designed value and fine the second
one. The difference of the surface resistance of described

coating at 1.3 GHz for these two cases is 0. ] %.

. The test cavity measurement is sufficiently sensitive to the

loss value. 1.3% RF loss increasing because the coating was
successfully measured on the Cu sample coated by TiZrV.

N&Y



Current activities in TiN coating at DESY

J. Lorkiewicz. B. Dwersteg
DESY

Technique used: Ti evaporation in NH; atmosphere.

- Selection of coating procedure,

- Coating of flat WG windows for main TTF
coupler.

- Coating of cylindrical windows for DESY —
TTE-TIT coupler.

/155
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Coating of electrodes tor RF test resonaior

=
) S

alumina
sample .
\ /I e
resistance \ —
monitoring —
I
| | -
i elactrode !
_ — JRSUESLISINCE:
| /
] . S
e — o
|
electrode L L_
< 5cm ¢ 5cm >

Coating parameters:
- deposition rate: 9Inm/min, 20 nm/min,

- final layer thickness: 4 - 40 nm,
- NHj; pressure during deposition: 10™° mbar,
- substrate temperature: 25°C, 150°C,

- postprocessing: NHj pressure 150 - 750 mbar,
duration time 20 hours - 1 week.
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FhG-IST:Willich:December 20,1999: SiMS Quantitative Depth
Profile: DESY/Dwersteq:#1

(Cu mit Beschichtung TiN)
100,00 e e e e e

90.00
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50.00

Concentration [at%)]

40.06

30.00
3 20.00
: 10.00
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| 0.00 &4
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= Depth [nm]
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Ti wire loop with supporting structure
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"G"-series waveguide windows coating - processing parameters

of WG . Maximum | Ammonia | Estimated ! Postprocessing Layer resistance Colour

window  deposition pressure L layer NH; pressure, " after coating

coated : rate i during thickness duration time f after i the disc surface
‘ lon the disc | coating | range | ~_ postprocessing |

{12 nmmin

RF window G-17, Ti-layer resistance/sq vs G-23 window coating, Ti-layer resitance/sq vs
time time

axposit:on to
the air - 77
hours

coating 6Js, 12 nm/s

[coa!mg: 90s, 12 nm/min

postprocessing in
ammonia:

- - 960 mbar,

- 50 hours

exposttiontsthe | :
- Dopee———————
air cagli

P _ .
;i —@—Senast; :
i il AN

12 hours

resistance Mohmvsq
layer resistance (Molun/eq)

time




G-17 |
|

35 hours
in the air
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TiN coating of cylindrical windows
for DESY-TTE-III coupler

70 K owindows - 20 pes

“warm T windows - 20 pes

Step 2 - coating of
cylindrical surtaces

coppef collar

Step | - end plates coating
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Summary

Experience with Ti deposition from vapour
phase:

- ADVANTAGES:

- Can be used for surfaces with difficult access,

- The layer thickness distribution is calculable and well
predictable,

- The process is relatively slow and easy to control,

]

There is no need of substrate movement (rotation) under
vacuum to reach good layer homogeneity.

DRAWBACKS:
- Slow Ti-TiN conversion,
- Possible problems with high residual conductivity,

- Using a chemically active atmosphere (NH;) in a vacuum
system (corrosion, no possibility of using cold traps).
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Plans for the future

A new multipurpose device for antimultipactor surface
processing:

~ large number of RF components coated
simultaneously,

- possible adaptation for other techniques (e.g.
sputtering),

- monitoring and control system.
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