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Input Coupler Production

FNAL Coupler
The FNAL coupler consists of a coaxial cold window, a room-temperature

doorknob transition from coax to rectangular wave guides without window,
and a commercial disc window in the wave guide. So far two complete couplers
were fabricated and tested with the coupler processing stand. Both couplers
showed problems with the bellow copper coating, the coating of warm bellows
was stripped off before testing. One coupler had a small leak at the cold bellow
to coax weld. After assembly of the leak-tight coupler to C19 in CHECHIA,
another leak developed at the cold bellow (as in the other coupler). Therefore
the cold part with the window was replaced by a new production piece and
conditioning was carried out with C19. '

The leak problem at the bellow weld is probably due to insufficient cleaning
before resistive welding. This has been improved for the next coupler.
Furthermore a new welding scheme without resistive welding is worked out.

The first coupler coatings with Cu showed blisters and peal-off regions during
ultrasonic cleaning. The ultrasonic cleaning of a good coating should not
destroy the coated film. Improvements have been made at the company by
intermediate electropolish.

The "cold" ceramic (+ the annealed coax parts) were baked at 300 °C for 22
hours at DESY. The dominant residual gas content during the baking is H2 and
COx (x: 1, 2, 3). The origin of the COx contamination is unknown. There is the
suspicion that lubricants are the reason of the contamination. They are used
during milling the ceramic surface to be metallised.

The following points were discussed:

* Stress annealing of stainless steel parts is necessary for those parts which will
be chemically treated for coating afterwards. Otherwise stress corrosion will
lead to leaks.

» The Al203 ceramic of windows has micro stress in the bulk material. These
defects will grow under thermal stress ("ageing of ceramics"™). Therefore fast
cool down of the window should be avoided. More information can be
gained from the Frauenhofer Institute of Ceramic Materials in Dresden.

* Leaks through the ceramic of a RF window have been observed at the
DALINAC (D. Graef) after some years of operation. The reason is not
known, but it could be due to the above mentioned ageing process.

* The well known rule was stressed again, that excessive braze material at the
window has to be avoided or has to be carefully shielded.

DESY Coupler Design

The DESY input coupler consists of a cold window with a cylindrical ceramic
and another cylindrical ceramic of the same diameter at room temperature,
located at the coax to wave guide transition. Four couplers have been
produced. RF tests started with two couplers, the other two need some cleaning
of the window area (insufficient shielding of ceramic during brazing?). No
problems with the Cu plating and the bellow welding were encountered.
Several minor handling mistakes during brazing and welding delayed the
fabrication because of some repair steps. The fabrication sequence foresees
brazing at different temperatures to prevent a reduction of the RRR of the Cu

I
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plating. In spite of good results with samples, the fabrication brazing at low
temperatures (Ag-Ge-Cu braze; T < 550 °C) was not leak-tight. It was decided
to use high temperature braze (Cu-Ag, 820 °C) at the cost of reduced RRR of
the plated copper.

POINTS OF DISCUSSION:

* The fabrication of the cold window part foresees several brazing cycles at
different temperatures with the need of shipping the parts forth and back
between brazing and plating company. This sequence should be revised and
simplified.

* The consequence of reduced RRR of the Cu plating after high temperature
brazing should be reconsidered for a minimum heat load design.

* The origin of the dark window coating should be investigated (braze
material?) (by BAM, Berlin).

Multipacting Calculations

Multipacting has been simulated in detail by the Helsinki group: coaxial lines
are analysed and scaling laws are given for frequency, size and impedance of
the coaxial line. So far pure travelling and standing waves are analysed. There is
clear evidence that the breakdown phenomenon in the LEP-2 coupler is driven
by one-point multipacting (outer coax line) of order four. New results were
presented for a mixed configuration of standing and travelling waves. These
conditions happen during the filling time the TESLA cavities.

The FNAL and DESY configuration of the window area have been analysed by
the Helsinki group and by A. Mosnier, Saclay:

Conical Window (FNAL): Both calculations show a multiplication of electrons
over a large range of field strength. This is caused by the tilt of the ceramic
surface so that a large range of "gap distance"” between the ceramic surface and
the outer coax line is present. The Saclay calculations indicate some sharp
multipacting resonances which are not present in the Helsinki simulation. One
difference in the calculation is the assumption of a high secondary vield of 7 in
the Saclay case whereas in the Helsinki simulation a yield of 1.5 is assumed
everywhere. The later case seems to describe the condition of a coated ceramic

more realistically.

Cylindrical Window (DESY): In the Helsinki calculations no multipacting
resonance is observed whereas in the Saclay case resonances are detected at the

end region of the ceramic. It was pointed out that the assumed field
configuration is not very precise here and that it depends on simplified
geometric assumptions.

RESULT OF DISCUSSION:

* The latest results of the Helsinki simulations for the mixed standing- and
travelling case need to be analysed and should be applied to the transient
filling process of the cold cavity.

* More active exchange of information between Saclay and Helsinki is
recommended to explore the difference in the calculations.

* The impact energy of electrons should be displayed together with the
multiplication factor in order to indicate the severeness of a multipacting

resonance.
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Experience with the LEP-2 Couplers

The LEP-2 coupler suffers from one-point multipacting of order 4 (impact
energy is 400 eV). Several modifications have been carried out to suppress this

phenomenon:

a DC-bias of the coaxial line. This method is in use since many years at
Novosibirsk and was proposed as a cure against multipacting for the CERN
coupler, too. Simulations by Tiickmantel (CERN) and the Helsinki group
confirmed the mechanism of suppressing of multipacting: the DC voltage of
correct polarity and magnitude repels electrons from the inner conductor and
thus destroys the resonant condition.

b The outer coax tube (with the heat exchanger) is made from one piece of
forged tube. This avoids the risk of stress corrosion {(as mentioned above)
because there is no tube to flange weld.

¢ The collar at the cylindrical ceramic has been changed: some surfaces were
Cu plated to reduce RF heating; the outer contact surface is rectified to get a
defined contact surface; the Ti coating of the ceramic extends to the metallic
collar.

d The assembled coupler line (including window) is baked for one day at
200 °C to remove water.

In a test- and processing set up (two couplers are connected through a coaxial
line) the multipacting phenomenon and especially the role of condensed gases
for multipacting was investigated. This set up was processed and worked fine at
room temperature. Afterwards the coupler vacuum was opened to air for 2
hours. In a second test the couplers were operated after cooling the intermediate
coax line to the temperature of LN2 (by a heat exchanger at the outer coax ling).
Heavy multipacting was encountered now. Several electron probes located the
place of multipacting at the cold coax part. This experiment as well as the
operating experience with the HERA couplers prove that condensed gases on
cold surfaces play a dominant role in initiating multipacting. Therefore effort has
to be put into improvement of the vacuum conditions, e.g. by in situ bake out of
coupler parts, especially of the ceramic of the window.

Glow discharge cleaning has been applied to coupler parts, but no convincing
progress has been reported. A recent experiment at CERN concluded that only
a few seconds of glow discharge are sufficient to clean surfaces. Under those
conditions the risk of sputter coating is reduced. It was recommended to try out

the short discharge cleaning for RF parts.

Saclay Coupler Test Facility

At Saclay a coupler test area is under construction. Start of operation is
scheduled for September 96. Several windows will be tested: FNAL window
(conical type), DESY window with 60 mm @ coax, TW disc window. The test
set up has a nice option to shift the standing wave pattern without moving
contact plates: some metres of wave guide are placed between the test window
and the final short. Therefore slight changes in operating frequencies transform
into a shift of standing wave pattern.



TESLA 1996-09

LAL Coupler Ideas

At LAL a design of a "telescope type" of input coupler was worked out. It has
the advantage that the radial extension of the coupler is small during module
assembly. After some discussion it was concluded that the risk of sliding contact
and of difficulties in cleaning are so severe not to proceed further with this

design.
Novosibirsk

At Novosibirsk cylindrical windows are used in coaxial coupler lines. The
connection of the collar is done by diffusion bonding, thus avoiding braze
material and its risk for multipacting. DC-bias is used in all coaxial coupling lines
to suppress multipacting.

Jefferson Lab

At TINAF (former CEBAF) 351 couplers are operated with superconducting
cavities for the two linacs. The window in the rectangular wave guide is placed
near to the cavity. Two major problems are encountered:

* losses at the window frame load the 1.8 K level,

* field emitted electrons from the cavity charge the ceramic: hereby sparks are
initiated or the ceramic is punctured (vacuum problems). This experience
underlines the rule to shicld the window ceramic against "direct sight" to the
beam area.

Main Conclusions of Discussion

a) Adjustable coupling

The adjustable coupling of the input coupler should not be given up. Field
unflatness in the cavity and subsequent scatter in coupling strength cannot be
compensated otherwise.

b) DC-bias

DC-bias should be foreseen 1o eliminate any risk of multipacting. Although a
large coax diameter reduces the probability of multipacting, DC-bias is the only
remedy against unforeseen multipacting resonances in coax- or window areas.

¢} Warm window

* The first operating experience with the Thomson window is positive.
Furthermore this window is commercially available. A drawback is the need
of a heavy doorknob and a separate window.

* The CERN type of cylindrical window in the wave guide to coax transition
operates without problems at 150 cavities in LEP. This design is more
compact, but operating experience with the 1.3 GHz scaled version
(Dwersteg design) is needed.

d) Coax diameter

A large diameter of the coaxial line (outer ¢ 60 mm, not @ 40 mm) is
recommended to suppress multipacting.
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e) Coax line impedance

An increase of the impedance of the coaxial line is recommended for a new
design (scaling of multipacting level). The increase of the antenna tip field has to
be considered.

f) Cold window
* The conical window (FNAL) works up to 1 MW. But it shows "non-

resonant” multipacting, as predicted by simulation. This could be improved
by an optimum tilt angle (experience at Novosibirsk). Simulations at Helsinki
will investigate this subject as well as the benefit of DC bias.

* The cylindrical window worked up to 1 MW in a resonant test set up.
Operating experience with a complete coupler is still ahead. Multipacting is
not expected according to simulations. The fabrication sequence is too
complicated as compared to a conical window and needs a re-design.

* 5o called "travelling wave" windows (no £, on the ceramic surface) seem
attractive but operating experience is needed (will be done at the Saclay test

set up).

g) Brazing

Standard Ag-Cu braze works but needs careful shielding of excessive braze
material. Diffusion bonding is an attractive alternative but has been
demonstrated on cylindrical ceramic windows only (Novosibirsk). Fabrication of
such windows for TTF is planned at Novosibirsk.

h) Fix point at coupler location

At the present design the coupler has to compensate longitudinal (coupler itself)
and transverse (cavity shrinkage) thermal expansion. This results in the present
coupler and costly design. For an improved coupler lay out the idea of a "fix
point" coupler should be considered.

Vi
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D. Proch, DESY, MHF-SL
Agenda

Input coupler workshop
DESY, May 29 and 30, 1996 in Bldg. 30B, room 459

REPORTS WEDNESDAY, MAY 29

10:00 - 10:15 Introduction, B. Aune, D. Proch
10:15 - 10:35 Report on TTF input coupler (FNAL):
Experience with fabrication: Welding, brazing, Cu-plating,
Ti coating, quality control, leak checking, cleaning,
M. Champion.
10:35 - 10:55 Report on TTF input coupler (DESY):
Experience with fabrication: Welding, brazing, Cu-plating,
Ti coating, quality control, leak checking, cleaning,
B. Dwersteg
10:55 - 11:35 Final cleaning of TTF couplers (ultrasonic rinse, bake out)
and dust free assembly,
A. Mathei . Kuchnir, K. Z

11:50 - 12:10 Experience with coupler processing (TTF couplers),
W.-D. Moller
12:10 - 12:40 Multipacting simulations in input coupler line,

Helsinki, A. Mosnier
12:40 - 13:00 Analysis of TTF coupler processing behaviour,
J. Sekutowicz

14:00 - 14:20 Experience with input couplers at CERN, E. Haebel
14:20 - 14:40 Experience with input couplers at Novosibirsk,

V. Veshcherevich
14:40 - 14:50 Coupler Activities at LAL Orsay, N. Solyak

14:50 - 15:00 Coupler Activites at Saclay, S. Chel
1 _ Experi ith | CEBAF,

WORKING GROUP ON COUPLERS:

Items to be discussed:

* Understanding of multipacting and means to avoid it {(multipacting on cold
surfaces?)

» Choice of ceramics and connecting technique (braze, weld, diffusion weld),

coating

Cu plating: adhesion, RRR, cleaning

Diagnostics for R & D and operation

Importance of in situ bake out? How to make it?

Do we need adjustable coupling by bellows?

Design ideas for an improved TTF coupler

L
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SECTION | — MA‘IERIAL IDENTIFICATION AND USE

V-
FEStA=4896~5

—

TO COMPLY WITH OSHA

. MATERIAL NANE 7 msrmr-'lzn

'S HAZARD. COMMUNICATION STANDARD 29 CFH 1910,1200

MANUFACTURER'S NAME SUPPUER'S RAME
International Products Corporation Not Applicable
STREET ADDAESS STRECT ADDRESS
P.0. Box] 70, Not Applicable
CiTy COUNTRY sy COUNTRY
Burlingtbn, NJ 08016 U.B.A. Not Applicable Not Applicable
POSTAL COD EMERGENCY PHONE NO. TELEPHONE NO. FOA INFORMATION
609-388-8770 809-386-8770
CHEMICAL E CHEMICAL FAMILY CHEMICAL FORMULA
a & mixture Not Applicable
TRADE NAMESIAND ESYNONYME MOLECULAR WEIGHT Mil-'-ENAL USE
MICRO® Not Applicable Cleaner
SECTION || — HAZARDOUS INGREDIENTS OF MATERIAL
('_ HAZARDOUS INGREDXENTS ,‘ APPROXIMATE CAS MA L, : LC,
\ ONCENTRATION %] ©R LN NUMBERS (BPECIFY SPECIES AND ROUTE | SPECIFY SPECIER AND ROUTE
No MICRO ingredient, present at 1% or more, is contained in the SARA Title IOI, 315 list.
Howevaer, the following composition Information 1is provided for medical reference purposes.
MAJOR INGREDIENTS
7732-18-5
»N'-1,2-ethanediylbis h 84-02-8
sthyl)-, tetra-
onic acid, dimethyl-, 26447-10-9
salt
onlc acid, dodecyl-, R7323-41-7
CPd. with|2,2/ 2”.nitrilotris.
Poly(oxy- <-8thanediyl),alpha- 8016-45-9
{nonylph ¥1)-omega-hydroxy
SECTION i — PHYSICAL DATA FOR MATERIAL
PHYBICAL STATE VISCOSTY ODOR AND AFPEAFL_!NC-E
Oos B oo Osour | 8.2 cp Pale yellow liquid with slight amroonta odor
7 3 THRESHOLD [P.P.M,) SPECIFIC GRAVITY VAPROR PRESSURE (MM) VAPOR DENSITY (AIR w 3)
ot Determined . . 1.14 about samo ag water 2boul game a8 water
EVAPORATION RAT | BOWWING POINT [y

; 220Ut sams 88 water

C3. 21I2°F (100°C)

FREEZING POINT i
ca.—8°C

SOLUBRATY IN WATER (750

miscible

" VOLATILE {8y v UME}
Not Determil}ed

PH

9.7 (conrantratol

MELTING POINT

COEFFICIENT OF WATEROIL DIS

TOTAL P.

RIBUTION

02
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Fermi National Accelerator Laboratory
| .Energy Saver Division .. . R
Specification No. 0428-ES-157007 Rev.A

Technical Specification for
Vacuum Degassing 304 and 316 L Stainless Steel

Prepared by G. Lee

November 16, 1983
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Geperal Descrlptlon

Sta1n1ess steel is baked at high temperature in a vacuum of 1x10-4
Torr or better to reduce the desorbtion of absorbed gases and as
a ffinal cleanlng step for ultra- high vacuum components

'To reduce grain boundry prec1p1tat10ns, the time -in-the tempera-
ture range of 600 to 900°C is kept to a minimum : ’

1.. Initial Heatlng

Normal furnace heating characteristics are used to
"heat "the parts to 550 or 600°C and held -at that tempera-
- ture for one-half (1/2) hour to equallize temperatures.

2. Rapid Heating

Rapid heating is attempted after the above to raise
parts to 850°C in one half (1/2) hour or less.

3. Bakeout

Parts should be baked at 850°C for two hours and at
a pressure of 1x10-4 Torr or better.

4. Cooldown

Parts should be cooled from 950°C to 600°C as rapidly
as possible, preferably in less than one ‘half (1/2)

hour.

5. Cleanliness

Degassed parts should be kept as clean as possible.
Small parts should be wrapped in clean white paper or
clean aluminum foil; all handling should be done with
clean white nylon gloves. Tublng should be capped
with aluminum foil or clean plastic caps and wrapped
in paper or polyethylene tubing. Adh851ve tape shall
not be used in contact with any parts.
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Report : ) DW280596

DESY-Type TESLA-Coupler’
-Technology , Fabrication :

Coupler specifications

Primary design goals

Construction / Design parameters / choices

Manufacturing the coupler
problems during fabrication

Jirst experiences with the prototype couplers
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Coupler specifications : ' —
rf technigue
- center / operation frequency 1.3,Ghz
operation power ' - -10 pulses/sec of 208 kW
_ 1.33msec length ( average 2.9 kW)
peak power capability | - upto IMW
* at reduced pulse rate and length ' . .
operation modes transmission and full reflection at any phase
_mechanics :
cavity coupling _ coaxial to antenna
rf input at room temperature 300K outside cryostat
rf output at 1.8K 1inside cryostat cavity flange
one ceramic window at (room temperature} 300K
one ceramic window at 70 K level
length inside cryostat ~ 400mm
dimensions matched to cryostat construction ‘
transverse flexibility of +15 mm
length flexibility : >3%o + mechanical tolerances
coupler at 70K window ) - separable
Qext variation of>10 times - " in situ variable antenna length ~10mm
cryogenics .
minimized static and dynamic cryogenic losses at 1.8K, 4.2K, 70K
at full rf load of about 0.06W , 0.6W , 6W
thermal intercept (cryostat) connections at . 42K, 70K
vacuum :
two independent vacua of very high quality 108 mbar

cold part vacuum must correspond to cavity cleanliness requirements

a4



TESLA 1996-09

Primary design goals :

transverse+length flexibility by 4 bellow arrangement , (advantage rigid outside
~ construction)

Q-tuning inside inner conductor by deformation of bellow
near antenna tip (no center displacement by
tuning , simple tuning mechanics)

cold window . special geometry (avoids direct impact of
particles or radiation from cavity port)

warm window integrated cylindrical ceramic
(small , lightweight)

ceramic to metall connection . _ . :
areas + hidden by ceramic or corners towards rf fields

corners at cold ceramic have been designed in a way not to exceed 132V
across a gap of 0.2mm at IMW transmission , not
enough for multipacting
detectors ' for measurement of coupler behaviour and

monitoring dangerous operation situations

LS
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Construction / Design parameters / choices

- waveguide types / coupling :
coax inside cryostat ' . 100}
inner conductor / outer conductor ' 17.39mme / 40mm ¢
outside cryostat transition coax to WR650 waveguide
cavity coupling , ' ' " capacitive antenna
fields and voltages :
500 line , max peak voltage at IMW and full reflection 20kV (<1MV/m)
500 line , max peak current at IMW and full reflection 400A

waveguide near window , maximum voltage across (HFSS)  17kV (0.3MV/m)
corresponding (local) waveguide impedance - =150Q

‘warm’ window , total maximum voltage inside at IMW .

m travelling wave mode (HFSS) 25kV/2.5cm (1.0MV/m)
with local peak field (at collars) inside-ceramic (1.6MV/m)

(in worst case standing wave position : values*2)

connected to cavity ,-at pulse beginning (HFSS) ~30kV/2.5cm (1.2MV/m)

with local peak field (at collars) inside ceramic - (1.7MV/m)
‘cold’” window , total maximum voltage inside at IMW , '
in travelling wave mode (HFSS) <14kV/2.5cm (0.6MV/m)
with local peak field (at collars) inside ceramic (1.6MV/m)

(in worst case standing wave position : values*2) :
connected to cavity , at pulse beginning (HFSS) ~27kV/2.6cm (1.1MV/m)

with local peak field (at collars) inside ceramic (2.5MV/m)
antenna , connected to cévity , local peak field at IMW 4 2MV/m
(maximum electric field strength in air 30kV/em)

2F
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special bearing rings for low abrasion of rod are made of

rf losses / heat flow :
cold ceramic window loss at average transmission of 3kW rf 0.14W
total expected AT (heat transfer including inner conductor losses) = 2°C.
temperatures and heat flow on inner and outer conductors at coating
qualities of . - RRR=10
and average rf power load corresponding to transmission of ' 3KW-
Temp. level /K at Power Flow / W : Temp. max.
cold end | warm end | to cold end | from warm | rf losses / between
tocoldend § . W cold and
warm
inner conductor cold 70 107 0.85 0 0.85 -
70K - 107K
oater conductor cold 1.8 4.2 0,06 -0.04 0.1 5.3
14K - 4.2K :
outer conductor cold 4.2 70 0.61 0.35 0.26 -
4.2K - 0K
inner conductor warm 70 300 28 0.04 2.8 -
70K - 300K :
outer conductor warm 70 300 1.9 0.2 2.1 -
70K - 300K
tuning mechanics :
external Q tuning by a rod with 2 cardanic links inside inner conductor
rod material stainless steel , silver coated 1p

Nimonic
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materials / coatings :

mner conductor cold and warm consist of . copper
ﬂexlble parts of inner conductor

3 standard stainless steel bellows of 0 1 mm wall thickness
' +15u copper inside +15p copper outside
" additional cooling of antenne tip by : 4mm? copper braid

outer conductor cold 0.5mm stainless steel , 10p copper coated

outer conductor warm 0.7mm stainless steel, 20u copper coated

flexible parts of outer conductor
2 standard stamless steel bellows of 0.2 mm wall thlckness

+20u copper
window material (both) 97% ALO; (WESGO Al300)
windows (vacuum side) coated against multipacting ~100A Ti, ~100MQ/square
window to coupler connection brazed copper rings
vacuum :
(additional) vacuum ports - 3CFl6
‘warm’ vacuum pumping , view port for multiplier ,
. _ port for demountable pick up
sealings of coupler ‘ helicoflex
towards cryostat o , 'rubber ning
cF16 ports sealing ' copper rings
coupler diagnostics :
3 ¢ detectors with SMA connectors at window vacuum sides
(2 welded feed throughs,
1 mounted on CF16 flange) -
1 photo-multiplier looking into the coax from outside the cryostat
1 foto-diode looking into the rectangular waveguide - .
1 infrared detector for monitoring the warm window temperature

differential temperature (heatflow) measurement at 70K flange
temperature measurement at 1.8K flange

d]
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Manufacturing the coupler :

detailed manufacturing procedures have been developed for the complete
fabrication , which are tried to concentrate to the following rules :

assembly techniques :

stainless steel to stainless parts are preferably - welded to subgroups
bellows and stainless steel subgroups copper coating before next step-
copper to copper (inner conductors cold and warm )  EB welded
copper to stainless steel (inner conductor bellows .. ) . UHV brazed
. | ' " after Cu coating
ceramic windows (metallized) C UHV brazed
* within final step
final step of assembling the whole coupler brazing inUHV furnace
brazing + welding statistics
welds =22
braze connections  high vac. proof : 11
only connection 9
furnace cycles of those 20 braze connections 7

(every braze geometry was tested before finalizing the construction)

copper coating :

copper coating of stainless steel parts necessary
after welding and before brazing

copper surfaces of cold parts of the coupler | defined RRR and
defined heat conductivity

mmportant

heat treatment after coating for detection of
blisters 400°C
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coating of windows :

 vacuum side surfaces of the ceramic A,O; windows were

: , sputter coated with Ti
(also vapor coating with TiN was applied) -
brazing :
for the cold coupler parts :
main goal : brazing temperature ' ' <£550°C
(2 of those brazes were necessary) " using Au-Ge-Cu braze

(at 550°C temperature highest RRR of copper coating ;: 2250 ,
RRR<10 after 820°C treatment at thickness of 20p , RRR after this heat
treatment decreases with thickness)

renewal of critical copper plating where 820°C were unavoidable

during brazing the surfaces of the windows were protected by Al;O; cylinders
against additional deposition of metal vapor

(tests have shown, that after 820°C treatment the Ti coating has still a low
secondary emission coefficient)

LY
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problems during fabrication :

In spite of successful EB welding of test parts the EB weldmg of the copper
inner conductor parts was not satlsfymg (more shrinkage than at test , one weld
‘was leaky , no inner conductor 3 was straight )

Tube pull-outs for e-plck ups turned out to be a problem in spite of succesful test
longtime before ; reason : some variation of diameter and wall thlckness
pull-outs of the old diameter were made ;

This lead to a chain of consequences :

a) additional rings had to be welded to the plck up tube connectwn for length
and diameter correction .

b) the weld at the pick up position nearest to the cavity was so b1g as to bend
the outer conductor. This was not early enough detected .

¢) the final consequence was the impossibility to braze the ‘cold’ inner
conductor vacuum proof and concentric into the cold coupler part :

Due to application of a centering tool for the ‘cold” inner conductor the braze gap
between the copper cup and the warm conical end of the ‘cold’ inner conductor
was always to big on one side. (Also the inner conductor of the cold coupler part
was not straight originally.)

This lead to a sequence of unsuccessful braze cycles and leaks and to damage of
some ceramic windows and to loss of much time by repairs.

Only heavy excentricity of the antenna tip lead to a vacuum proof braze.

d) This was corrected later by mechanical bending the outer conductor of the
cold coupler part corresponding to the position of the inner conductor.

No tool was prepa:ed to test the bellow welds just after welding ; this led to
nonelastic compression and later nonelastic readjustment of the bellows
(but no damage)

During welding of the outer conductor bellows it turned out , that due to not
enough space one bellow got holes by welding through. This caused a change of

construction at that position.
Direct welding at the bellows turned out to be critical because of the thin walls It
is preferable to provide enough space and thicker coliars at the bellow ends for

welding connection.

At 2 copper coated parts were small blisters detected after heat treatment at
400°C . (coating repeated) ’

It seems still to be a certain difficulty to prevent the eutectic braze completely
from expansion on the surfaces in spite of careful definition of the braze quantity.

RpS
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Co-pper silver braze on vacuum side surfaces of high power rf components is
assumed to be harmful .

An additional braze problem was the low temperature Au-Ge-Cu braze, It failed
- to braze the outer conductor bellow at the generator side to the neighboring
flange . This braze was successful with test pleces

One sealing problem is still open. Dunng construction it was assumed that the
aluminum helicoflex seals could be copper coated. This was not successful
Copper is preferable in presence of rf fields and vacuum.

For proper cleaning of the cold part of the coupler there was a requiremeﬁt to
replace the welded feed through next to the cawty by an exchangeable feedthmug
(CF16 flange connection)

2 CF16 flanges have been made out of 1.4435 instead . of 1.4429 ( necessary
because of 820°C brazing : highly temperature resistant quality)

Tests showed , that a titanized ceramic surface is very sensitive towards
additional metal vapor deposition. This causes surface conductivity . Hence there
were Al,O3 shieldings provided in order to prevent this effect . In spite of this the
window surfaces looked dirty after brazing and some of them showed electrical
conductivities of down to several hundred kQ, in one case 17 kQ.

The reasons and the deposited material leading to these surface effects are not

clear.
This situation was improvable by treatment with nitric acid which will not attack

the Ti coating.

Ti coating of the ceramic window surfaces by sputtermg turned out to be
uneconomic and difficult.

The reason is that the small size of those cylinders was not aliowing radial
sputtering. Hence homogeneous thickness of coating was difficult.
Coating by evaporation seems much easier.

Due to more brazes than planned and finally using eutectic or Ag-Cu-In braze
instead of low temperature braze it was not possible at the prototypes to
guarantee the design RRR of the copper coatings. in the critical cold areas.

A lot of experiences with fabrication and ideas exist now which allow to make
improvemenis and (o avoid the above described mistakes.

=~
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Jirst experiences with the prototype couplers :

- vacuum check of the coupler parts was successful , no leak occured

cleaning in the clean room to dust free Quality of class 10 was no problem
the copper coatings showed no problem at ultrasonic treatment

 after that cleanroom procedure all parts were heated in a vacuum furnace at
300°C ; it was no problem to come down to low evaporation rates in that furnace

mounting of the couplers to the test cryostat was relatlvely easy and needed only
a few hours

main problems here were still some missing parts and tools
one sealing surface had to be grinded because it was damaged

after mounting the vacuum came to values of 10 mbar after short time

testing of the first 2 prototype couplers was actually p0551ble up to only 300kW
in travellmg wave , 200kW in standing wave operation mode .

the reason is Sparkmg across the ceramic window in the waveguide to coax
transition area ; the sparking occurs at the air side of both couplers

due to field enhancement at the edge of metallization / braze

this effect was not visible on HFSS computations because the critical area seemed
to have higher fields only inside the ceramic where they are uncritical

remedies are thinkable :
a) removing the edges by sand blusting and adding an anticorona ring device

(will be tried in the next future)
b) as a final solution : imbedding the metal to ceramic transition into the ceramic

as done on the vacuum side of this window ; .
this 1s possible even with the prototype couplers by exchange of the ceramic ;
the critical area has to be studied very detailed and carefully with field
computation programs ;

77
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Philips windows #4 and #5

end time__ MASS] 1 2 12 14 15] 16 17 18| 20| 28] 23] 30| 32| 40| 44|PrL#
96/3/1615:43| 170] 60 21| 100 3] 61| 107] 510 2| 2100 23] 46| SOfSLAIPPOUR7 1
96/3/18 07:23] 15 59 12| 145] 64 62| 64 235 3] 3000 24| 76 210] 33 240 2
~96/3/19 14:39; 390] 280] 90i 39 55| 220] 140f 2800] 1.7] 1100 10/ &3] 4.9 2.8] 1500 3
6/3/2111:111__ 10| 980 69 61 S9] 150] 370; 1300 1] 1700{ 20 8 1 6] 1000 4
| 96/3/3010:44] 490 3200] 3.6 60 9 61 70 66 3] 1100 15] 0.001} 0.001 20 29 5
| 96/3/3118:40! 470] 3100' 29 61 8] 56 65| 48 31 11000  13] 0.001] 0.001 200 23 6
96/4/207:36 251 6.5 1 49, 03] 32f 15/ 286 2! 900! 6.6 FEE 71 7.2 7
96/4/18 15:21' 350! s251 100/ 8§ 70l 750! 1600] 4600 6/ 3700l 8ol 87! 7 sl 1400 8
96/4/1319:000 2101 701 130 42 781 270] s9o0l 2300 61 2200 27 94 1 2| 1400 9
96/4/2016:56: 3901 250! 300! 110 38| 5901 820] 3100] 1.6] 5500! 47 12! 2 220 100 10
96/4/24 07:311 120/ 500 il 1.8f &7 1l 11 381 0.001 700 0.5] 0,001: 0.001] 0.001 20 11
96/4/29 08:07" 11 471 0211 0.06] 0.042] 0.35 0.22] 09! 0.001. 61| 0.02} 0.001 0.001 0.002] 1.4 12
Baking ¥ conical ceramics
time MASS= 1! 2 i2: i4 15 113 17 18! 201 2B 28] 30! 401 44 pt. B obs.
96/4/3008:50]  210] 350. 50, i2; €6} 200: 6B0 2600, 5.9 1400 22! 7! 18 537
967573 Q8:09! 981 120 9.1 7.5 2.9; 451 47! 160" Q.1 430 .41t 0.§i Q.11 150 2.
96/5/808:271 47| 101! 1t 03! gra 6 42! 14] o2’ 62 @25 0.051 0.020 15  3;
96/5/13 Q7:57° D.86! 3.4 0.095 0.014° £.09: 0.18. 0.022°' 0.26 0.008 0.72 0.021' 0,01 0.008 0.038- 4
il : ‘ ! ! i ’ : ! : :
Residual Gas in the bakeout of Philips windows #004 and #005 | 1
i : : ; : i i ' : ; . i
GAS ‘PARTIAL PRESSURE ( ntorr) : . i i . E ;
Point #! 1! 2 3 4 5; 6 7 g} 8. 10, 11 12
Water i 510:  227° 520; 1300 66! 48° 2.6 4600° 2300° 3100 38! 1
Amonia " 001 001 31 100. 56! 5§ 1 6341 107 170 3l 0.0
Methane ! 6, 7.5 61, 60! 6! 4: 0.3 i 7ol 7 38 67! 0.0
Carbon Dioxide B7 240: 1500! 1000! 29 23} 728 ' 1400 1400° 100, 20! 14
| Carbon Monoxide . 400! 100; 440 750! 60!  20° 10! . 25201 1680 3500 50] 4
Nitrogen | 2000. 2880 560' 950! 1040! 1180] 980 | 1180, 1180; 2000/ 20 2
Dxygen 50! 210 5i 1 0.01! 001  B.O! : 7 1 2] 0.0t 0.01
Argon 270 331 2.8 g 20 20, 7 5 2l 2z 2.zE 0.01
j : i i i j | : /
Residual Gas in the bakeout of 9 conical ceramics . i ! 1
it i : ! i | | . i i i
GAS :PARTIAL PRESSURE ( ntorr) i | : ! f
Point #| 1! 2! 3 4! ! : I | 1
Water 1 2600, 160! 14! 0.26i ! ; ! ! i
Amonia i 134! 30; 1| 0.01: I ! ! : !
Methane | 66 28, 07] 001 ! | i ;
Carbon Dioxide | 53, 150 15 0.01i i : i : ‘ !
Carbon Monoxide || 920; 100! 35| 0.011 = i |
Nitrogen i| 480 140 20| 0.01! ; : | !
Oxygen 1 6.3 83! 0.2 0.01] ! ! : ! : 1
Argon 412! 01 001! 001 | ! ! ?
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Emp 1’7 vacuum tank used for hbale,, qus
of Fermclab (aa/o/er_c

RDESY pYAK Mgssenspek tromater 16:48.28 39.0ct .85
Bereich: 3.12E-B mbor {A) I emission: .18 mA SEV: gV O0Offset 5
P total: 2.32E-B mbor Speed: 400 msec/Masse (A) Filter 28 1-)
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‘. .
BT o e e e e ettt e s s e ]
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E-9F
WERr
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E- 1l AN A0 R e R
e’ 3, 39, 35, 43, 45, 53.

Massenzanl --»

befere cowp lor bake oul

FIGURE 1. Massenspekirum der leeren Vakuumkammer bei ca. 70 *C vor dem Ausheizen der
Kopplerkomponenten (Empfindlichkeit p = 10'% mbar).
= ———

DESYTY ©pY¥ A K Mossenspektrometer 21:13.17 33 .Nov.E3
2e=~oich: 2.89E-S mho~ (Al 1 emission: .19 miA SEV: p Y Dffset B74
& totols 2.83E-9 mbor Sosed: 1220 msec/Masse (A} Filter 62 (-1
frson) Mogean-Sookirum
1.t Pzo Mog=e kool Alaorm
E-5' | 2.8 7.34E-12 -
............................................... _2_...1‘-?-_'?.—--:2..13?.—‘7:_..;3._ ——
[ 3 4.8 2.22E-12 -
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e 5 8.0 1.785-12 -
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FIGURE 2. Massenspektrum der leeren Vakuumkammer bei ca. 25 *C nach dem Ausheizen der
Kopplerkomponenten (Empfindlichkeit p = 10 mbar).
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<) Cold parts du.n.‘rlj boilke out

TESLA 1996-09

QDESY pDYAK Mossenspeiktirometer 16:22,39 5.Nov.93
Sereich: Z.BRE-7 mbor (At ] emissiony .18 . BA SEV, ey Orrset 2

P totols B.656-7 sbor Speed: 4008 Esec/Masse IH) Filter 228 I-] TERNILRB 4]2
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3) (Cold F;q/l".s after balke ouwt
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Stored Coupler-Processing - Data

Setting :

Limit :

Main value:

Temperature:

Light&e-:

Global:

Frequency / Hz
Pulse-Length / us
Pulse-Frequncy / Hz

Program-Mode (Normal; Sweep; User-Controll)

- max In-Coupler-Pressure / mbar

target In-Coupler-Pressure / mbar

max Qut-Coupler-Pressure / mbar

target Out-Coupler-Pressure / mbar

max Coax-Pressure / mbar '

target Coax-Pressure / mbar

max Pforward / W

min Pforward / W . S
Interlock - Reset -Mask (19 Bit (Chanels))

In-Coupler-Pressure / mbar
Out-Coupler-Pressure / mbar
Coax-Pressure / mbar

Pforward / W

Preflected / W

Pforward_Load /W
Preflected_Load / W
Interlock-Event (19 Bit (Chanels))
First Interlock-Event

WG-Window In-Coupler / K
Coax-Window In-Coupler / K
Coax-Difference In-Coupler / K
Coax-Flange In-Coupler / K-

“WG-Window Out-Coupler / K

Coax-Window Out-Coupler / K
Coax-Difference Out-Coupler / K
Coax-Flange Out-Coupler / K

In-Couplere-/V
In-Coupler-Coax tope-/V
In-Coupler-Coax bottome- / V
Out-Couplere-/ V
Out-Coupler-Coax tope-/ V
Out-Coupler-Coax bote-/ V
Photo-Multiplier In-Coupler / V
Photodiode In-Coupler / V
Photo-Multiptier Out-Coupler / V
Photodiode Out-Coupler / V

‘I'ime in second

Result [string] (Power increment; decrement; ..

8¢

)
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Multipacting bands in coaxial lines
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ANALYSIS OF MULTIPACTING
IN COAXIAL LINES
PART TWO: THE RESULTS

Pasi Yla-Oijala
- Rolf Nevanlinna Institute
University of Helsinki, Finland
May 29, 1996

Geoinet1y:
e 500 MHz, 50 Q coaxial line, outer diameter is 103 mm

Standing waves :

¢ in SW multipacting seems to be predominantly due to the electric field only

e multipacting appears clos to the maximum of the electric field, called as
electric-multipacting (EMP)

Traveling waves:

¢ in TW multipacting is due to both the electric and magnetic field

o the wall impacts of the multipacting electrons appear close to the maximum
of the electric field '

¢ the electrons are traveling along with the wave, to the same direction as the
wave propagates

¢ traveling is quite slow, typically a couple of mm between wall impacts
Mixed waves:

e in mixed waves or partially reflected waves the situation is more complicated
e both electric- and magnetic—multipacting (EMP) and (MMP) appear

¢ MMP appears close to the maximum of the magnetic field

95
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¥Mixed waves:
¢ consider a combination of a superposition of the SW and TW fields
ER = RESW + (1 - R) ETW,'
Bp = RBSW +(1-R) ETW,
e where R, 0 < R <1, is the reflection coefficient

o if R =1 we have the SW fields and if R = 0 we have the TW fields

Scaling law for EMP:

e approximate scaling law for EMP poﬁer levels

1 4
EMP
R Q+R2 ™ 1+RrE "

b
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Scaling laws:.

¢ in SW we have found some scaling laws for the field frequency, the diameter
of the line and the impedance of the line '

P.one—point ~ (f d)4 Z, tho-—Point ~ (f d)4 Z*

e [ is the frequency of the field, d is the outer diameter and Z is the impedance
of the line

W
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ANALYSIS OF TTF COUPLER PROCESSING BEHAVIOR

1. Sekutowicz
DESY, MHF-SL
Notkestrafle 85, 22607 Hamburg, FRG

1. Reflection during pulse operation

-

2. Comparison between computed and observed multipacting levels of :
- coaxial lines
- tapered coaxial line

- conical ceramic window

Measurements have been done by :
M. Champion
B. Dwersteg
A. Gossel
W-D. Moller

Computations have been done by:
H. Mikid
D. Proch
J. Sarvas
E. Somersalo
P. Y14-Oijala
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1. Reflection during pulse operation

We should remember that reflection of RF power will take place for:
a) 40 % of TESLA RF on time, during the operatjon,

b) 100 % -of time, during conditioning of cavities.and couplers.

At pulse operation, standing wave (SW) pattern in FM couplers and waveguides varies vs.
time. In particular, positions of planes with maximum voltage, at which multipacting

process take place, move along input line vs. time.

Fig.1 Voltage SW pattern at the beginning of RF pulse (t=0)

Time development of the SW pattern depends on relation between:

- resonant frequency of a cavity Fo and frequency of the source F,

- Qo and Qext .

SC cavities are usually strongly overcoupled ( Qext << Qo). For the TTF accelerator :
Qext =3 10° and Qo=35 10°
B=1667 and BW;3;3=434Hz.

A28
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Three cases shown below illustrate how SW pattern depends on the relation between Fo

and F.

Case 1 (on resonance and small detuning < BW)

Fig.2 Voltage at the antenna tip for the detuning 8 =+ BW/4 and at resonance Fo =F

At t=0 forward and reflected wave are in phase. Total voltage is scalar sum V=V, +Vg,=
2* V,,,. and standing wave pattern has maximum at the antenna tip. Then, reflection drops

to 0 at t = 540 ps and changes phase V=V - Vg, . For Fo = F voltage V is scalar

difference of both amplitudes.
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Case I {detuning > 5*BW)

N PN

e
r..J

Fig.3 Voltage at the antenna tip for the detuning & =+ 5*BW

As forcase I, at =0 V= 2% V _, but after 250 us maximum voltage at the antenna tip

and all maxima in the coupler exceed that value, since

,, backward wave = reflected wave + radiated wave*

That effect we-can use for better conditioning of FM couplers when attached to sc

cavities.
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Case I ( strong detuning > 30*BW)

R EPR N z i IR S ESaTol A : ! LR

Fig.4 Voltage at the antenna tip for the detuning & =+ 100*BW

Here, as expected for the electric coupling and strong detuned cavity, SW pattern is

constant for whole RF pulse and has maximum voltage V=V 4+V, = 2% V. at the

antenna tip.

2. Comparison between computed and observed multipacting levels

2.1 Standing wave pattern in FM couplers
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DESY FM coupler

uh

A

VR e
el

SY FM coupler (Fo =F)

Notice : there are 6 maximum voltage planes at the beginning of the pulse, t=0.

Summary of the computations and tests in respect to the multipacting phenomenon

- Computations showed that Dwersteg window should not have multipacting,

132
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- Fig. 6 presents computed multipacting levels of ¢ 40 mm coaxial line for SW
(upper scale) and TW (lower scale). Numbers give order of the one side

multipacting process.

SW 0 50 100 150 200 250 . 300 350
TW o 200 400 600 800 1000 1200 1400
P [ kW]

Fig. 6 Computed multipacting levels and measured electron activities in ¢ 40 mm
coaxial line (DESY). - -

Test of 2 DESY couplers assembled to the test stand, was started two weeks ago.

In standing wave mode with pulse length of 100 ps, enhanced resonant electron activities

have been observed by the top e detector of the coupler No. 1 and the bottom ¢ detector

of the coupler No. 2. ( see Fig.6)

In addition, mid ¢ detector of the coupler No. 2 showed continuously electron activities for

the power range from 100 kW to 185 kW.
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FNAL FM coupler

Conical Window

Tap. ¢ wavegumide side

t=23540 ps

Fig.7 Voltage SW pattern along the FNAL FM coupler (Fo = F).

Notice : there are 6 maximum voltage planes at the beginning of the pulse t=0.

Summary of the computations and tests in respect to the multipacting phenomenon

Three FNAL couplers have been tested up to now. Couplers FO1 and FO2 have been tested
on test stand. Additionally, coupler FO1 and coupler FO3 have been tested on cavity C19.

Multipacting levels for all components on the cavity side
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conical window
SW, cavity side
o tapered coax. :
6 5 4 - 3 SW : ' 2
&~ .

&
il

SW o 30 100 150 200 250 300 330
TW o 200 400 600 300 1000 1200 1400

P [kW]

Fig.8 Computed multipacting levels in : ¢ 40 mm coaxial line, tapered coaxial Iine and
conical window on the cavity side (FNAL )

 [Cod €19 det.]
\ TW4TS
505 kW
SwW,Cl9
e\ on res.
Warm C19
det. SW
SW 0 50 100 150 200 250 300 350
TW 0 200 400 600 800 1000 1200 1400

TLYxT
I LW

Fig. 9 Measured electron activities by € detector on the cavity side vs. power (FNAL).
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Multipacting levels for all components on the doorknob side

6§ 5 4 3 2 '
3 r ,-n -- ,“ K i
s .l:l.t. Ly .l....|¥..[l.111l...114.1111' L
SW o 200 400 600 800 1000 1200 1400 1600 1800
TW 0 800 2400 4000 5600 7200
P [ kW]

Fig. 10 Computed multipacting levels in: ¢ 60 mm coaxial line and conical window on
the doorknob side (FNAL ).

— e S“,{.,Cm dehmeﬂ ,
test st. ' —f—ﬁ ’ i

Warm
e ] |

TW
test st.

cold ([}

I 1 U WU T WU SN S SEY NN VAL S WA S S T N SN N N T N N SN US T S . |

SW 0 200 400 600 800 1600 12060 1400 1600 1800
™ 0 800 2400 4000 5600 7200

P [ kW]

Fig. 11 Measured electron activities on the doorknob side (FNAL ).
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END REMARKS

DESY coupler

- test was stopped for discharging reason, so we have not enough data,
- observed electron activities agree with computed one with accuracy of

|Pc0mp. - Pobserved I < 15%
for the voltage error is of the order of §%.

- unexpected are activities in the cold window region, but they have not resonant
character.

FNAL coupler
cavity side :

6-th order multipacting (50 kW) is in good agreement with computation, but
it showed up only during the traveling wave test on the test stand (TS) ?
5-th order can be seen when cavity i1s warm and detuned,
4-th order seems to be shifted from 104 kW to 120 kW ( 16 % error),
- 3-rd order is probably shifted from 170 kW to 190 kW,
2-nd order is shifted from 340 kW to 320 kW,

t

- tapered coaxial line shows one level of multipacting instead of three,

- conical window on that side has no multipacting for the computed region
from 5 kW to 60 kW.
There is measured band of the electron activities at cold test, near to 5-th
order multipacting, but it is difficult to find out if it is caused by the conical

window.
- very wide region of electron activities from 200 kW to 505 kW has been

found at the cold test on resonance with pulses up to 250 ps.
One possible explanation is cleaning of those areas which have zero voltage
at the beginning of pulse.

doorknob side:

- conical window muitipacting measured for traveling wave with cold test
stand , agrees well with computation,

13F
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-two wide regions of electron activities have been measured for TW with
warm test stand and SW with cold cavity on resonance 7?77

- in regions of 6-th and 4-th order multipacting some electron current was
measured, but rest of computed levels could not be found.

Processing:

- TW processing cleans whole surface in the coupler but can be performed only on

the test stand (coupler will be expose to air for final assembling),

- SW processing with detuned cavity does not clean whole surface of the coupler,

since SW pattern stays constant during the pulse.

- processing on resonance with pulse time of the order of 500 ps cleans mainly
maximum voltage regions. Notches are conditioned with half of that voltage for a

short time at the end of the pulse.

- SW processing with sc cavity on resonance and pulse longer then 1.3 ms gives
processing of whole surface with the voltage 40% higher that the voltage of the

incident wave. But cavity performance may limit this power.
(we should discuss it to find optimum processing of the couplers)

12
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Experience with Input Couplers at CERN

- E. Haebel
H.P. Kindermann
M. Stirbel
V. Vechtcherevich
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Data from 24 vertically tested cavities (W. Weingarten)
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HV connection

Afr inlet antenna

Air inlet "doorknob™

RF screen and

Ceramic cylinder

Isolating vaciam

Antenna (copper)

Capacitor for

DC bias

‘Waveguide

Copper plated stainless steel

Coaxial line

75 0

Superconducting cavity
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EXPERIENCE
- WITH INPUT COUPLERS
AT NOVOSIBIRSK

(Budker Institute of Nuclear Physics)

We have an experience with input power couplers
only for room temperature copper cavities in the

frequency range 25-700 MHz.

At low frequencies (4—55 MHz) we also have an
experience with ceramic windows placed in the
accelerating gaps of the cavities.

The most interesting 1s the experience at the
frequency around 180 MHz.
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CERAMICS USED FOR RF WINDOWS

We never used a high purity alumina ceramics.

The ceramics we used (commercial names 22HS,
VK94-1) has 94-95% of Al,O;. Its properties are
listed below:

Specific gravity 3.65 g/cm3

Thermal elongation coefficient o= 5.7...6.7'10°
(per 1° C at 20...200° C)

Thermal conductivity A= 135 mW/(cm'deg) at 20° C
104 mW/(cm'deg) at 200° C

Tensile strength 3700 kg/cm®
Electric permittivity £= 10
Dielectric losses tan(d) = 3-10™

Secondary emission coefficient Kkp,x = 3.7
(at E = 0.5 keV of primary electron energy)

15¢
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BONDING TECHNIQUE

We used only ceramic cylinders for RF windows (no
experience with planar windows).

For connection of ceramic parts with metal parts we
used the diffusion bonding technique.

For bonding copper and ceramic parts are clamped
together with the strength of 1.5 kg/mmz, heated to
the temperature 980° C in a hydrogen oven and kept
so for few hours.

After that the copper-ceramic unit is brazed with
other components in a vacuum oven using the silver-

copper eutectic alloy.
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TESTS OF CERAMICS

We were interested to learn whether it was possible to
build RF windows from the ceramics available for the
power level around 1 MW or even higher — at the
frequency of 180 MHz. (That was at the time when
the RF system based on the new type of RF power
amplifier — gyrocon — was designing for the VEPP-4
collider capable to operate to the energy above
7 GeV).

Several ceramic windows were (sequentially) tested
in a specially designed coaxial cavity where they
were placed in the place of maximum electrical field.
A d.c. polarizing voltage was applied to the ceramic
window for suppressing multipacting.  All the
windows ran successfully up to the peak RF voltage
around 25 kV that corresponded to the TW power
level above 4 MW in a 75 Ohm coaxial line.

160
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COUPLER DESIGNS

After that the input coupler for VEPP-4 cavities and
the output coupler for the gyrocon have been
designed and built. They had different designs but in
both types of couplers a d.c. biasing was used. The
coupling loop was not short circuited. There was a
capacitor at its end and a d.c. voltage was applied to
the loop. The value of the capacitance was adjusted
to reduce RF electric fields at the ceramic window.

Couplers of the VEPP-4 cavities were tested up to
the power level 220 kW in TW mode with the cavity
tuned on (VSWR around 1.1). They were also tested
with the cavity tuned off up to the fields
corresponding to TW power level above 500 kW.

A
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The d.c. biasing is a very effective way to suppress
multipacting in RF couplers (as well as in RF
cavities) but the design is rather sophisticated. It is
better not to use it when possible.

At low frequencies (or at low power levels) it is
possible to avoid multipacting choosing gaps between
electrodes and between electrodes and ceramic small
enough for multipacting. When it is impossible, the
other way out is to find a geometry that 1s not good
- for multipacting. So, for years we use a delta-like
shape of coupling loops (not polarized). The
‘multipacting is unlikely to appear in that type of loops
due to drift of electrons. Recently we applied similar
approach to the general design of input couplers for
the frequency ranges 500 MHz and 700 MHz.
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EXPERIMENTS WITH GLOWING
DISCHARGE

We had a dramatic experience with trying to clean the
couplers (together with the cavity) by the low
pressure glowing discharge. We tried twice to do it
but both times the windows cracked after that at RF
power applied. The cause was the copper sputtering
on the ceramic window by glowing discharge.
Heating of this copper layer by RF power caused
excessive mechanical stresses in the ceramic and its

destroying.
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Telescopic - type coupler for TESLA

Bienvenue G., Garvey T., Mace M., Panvier R., Soliak N.
LAL, IN2P3, Orsay, France.
(on leave BINP,Protvino,Russia)

Motivation: RF coupler is one of the critical
elements of TESLA approach to LC (one/meter). At
present time neither of existing designs: Fermilab and
DESY satisfy completely all requirements, so, still a lot

of work to improve them.
The main problems can be identified with following

most critical elements of coupler:”

- cold and warm windows
- bellows inside the coaxial line

Aims of new solution are:  to suppress cold window
and bellows in co-axial line, to simplify it’s mounting
inside cryostat and to reduce the manufacturing cost.

The idea : coupler can be mounted with SC cavity in
folded position and then extended, like telescope, to be
attached to feeder waveguide outside the cryomodule.
Coupler vacuum is common with that of cavity, isolated
by warm window or vacuum valve.

Problems: sliding rf contacts, ...

Possible solution - to use materials with different
coefficients of thermal expansion (*10 -6):
Cu=17o0r ss=16.5; Ti=89; W=4.5 for receiving
good rf contact at 70 K. '

Test of rf contacts at telescopic junction at high power
level on RF test bench at Saclay: 1.3 GHz, 1 MW, 2 ms,

0.1 Hz.-41Hz
A69
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DC polarigation for TTF coupler

Garvey T., Mosnier A., Panvier R, Chel S, Soliak N.
LAL,IN2P3, Orsay; France;  CEA,Saclay,France:
(on leave of absence from BINP, Protvino,Russia)

On-side MP can be dangerous for any design of coupler
as predicted by simulation. Though high power test of
simple 40 mm coaxial line at DESY contradict with
simulation, nevetheless the risk of MP high enough in
real geometry of coupler.

There are few well-known possibilities to reduce MP:

)
= ¢ eGeometry: P ~(f*d)q*Z; f-freq,d-gap, Z-impedance
» Eccentric coax
* Coating Ti, TiN,... to reduce secondary emission
* Injection of perturbing RF
= e o Electric DC bias (-1.5+2.5 kV)

Two possible designs of WG-coax transition were
simulated by HFSS, both for @ 62 mm coaxial line and
reduced height of WG (45 mm).

1. DESY-type with cylindrical warm window. DC bias
like 1n CERN design by Kapton foil on air side.

2. Fermilab simple doorknob transition with choke
cavity.

N #Y
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R/D Power Coupler
CEA Saclay & IN;P3 Orsay

1) WG-coaxial transition with polarization
2 types will be developed in paraliel :

» High Voltage under air (CERN type)
with cylindrical window
small gap, isolation with Kapton

faplon

2
ﬁ
e e,

Vncuum/'———-

\.‘\‘_‘x\\ S

)_(60

« High Voltage under vacuum
without window _
large gap, isolation with ceramics + choke -~ N, Sd }a( ce purpatws

N2
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2) Study of windows

with multipacting calculations, test and comparison of 3 types

« conical window = Fermilab window

s \ '

« cylindrical window = modified DESY window (¢ = 60 mm)

« TW disc window
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3) room temperature Power Test Stand
klystron 2 MW, long waveguide for “maximum voltage™ shifting

for testing
* warm windews + W(G-coax transitions
+ different cold windows

« if contacts of an alternate design

Jra\m&ai .

4) alternate design = telescopic coupler (LAL) —n W Soliak
R. Pon e o

could avoid the cold window

while keeping the cavity closure during assembly

S ch..O.

5) Bellows with copper coatings
d;_.;. wor km& 1lm+\

Lot )ro(‘\u'.-: “%hié qH.uJu.-l
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Experience with Input Couplers at CEBAF

presented by D. Proch
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