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D.Proch DESY, 19.7.2000-07-19

Summary of the
One day workshop on thin film coating methods for
superconducting accelerating cavities
10.July 2000, DESY

This workshop was organised one day prior to the TTF meeting as a brainstorming about
cavity coating methods. The scope of discussion was to:

- review of coating techniques

- reports of ongoing activities

- discuss about the evidence of Hcl as the limiting field

- propose superconducting candidates for new cavity coating experiments

- find out, whether we should we try CVP, or wet coating of Nb, laser ablation,..

- discuss the question, whether Cu is the best substrate

-organize new collaborations.

In the meeting not all of these items could be covered intensively, but a lot of worthwhile
information was exchanged. The following write-up presents a short (may be not complete)
summary of the presentations and discussions. There was a general consensus, that such
meetings should be continued in the near future.

Classification and Overview of Various Deposition Technologies - J. Langner/Soltan
Institute

A nice review about coating methods was presented by Langner. The followin g remarks
should be made:

® There is no experience in our community with chemical vapour deposition techniques. This
might simply be due to lack of chemists in our working field. Effort should be launched to get
in contact with expertise groups in the field of chemical vapour deposition methods.

® The exclusively used magnetron sputter method for producing Nb-Cu resonators seems to
be a mature technology (see CERN report on this subject). An intrinsic drawback of this
method is the relative low impact energy of the Nb ions (1-10 eV) and the need of a carrier
gas.

® Vacuum arc deposition might be an interesting alternative to magnetron sputtering:

-the impact energy of metal ions is in the range of 10 to 100 eV. This results in a quasi in situ
cleaning of the substrate to be coated and in a denser growing film. A problem might arise
from the contamination of the film by large size droplets (around 1 um).

There is collaboration between the Soltan Institut (Langner) and INFN Roma (Tazzari) in
preparing Nb film samples by this method. It was proposed by these partners to include
DESY in this effort. Details of the joined programme will be discussed soon.
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Exotic Superconducting Materials and Related Deposition Technologies for
Coated Superconducting Cavities - E. Palmieri/INFN Legnaro

Palmieri discussed the superconducting properties in terms of three fundamental (and rather
casy measurable) quantities: Tc, specific heat and normal state low temperature resistivity.
Applying the selection criterion of low BCS resistance, promising candidates must experience
high Tc and low resistivity. There are two large groups of superconductors, which on paper
provide the required characteristics:

-B1 compounds. They are characterized by a NaCl type structure and are formed by a
transition metal with Nitrogen and/or carbon (e.g. NbN)

-A15 compounds like Nb3Sn or V3Si.

For those materials which have been RF measured, increasing losses are observed when
raising the stored cavity energy: Nb3Sn, NbN , (NbT1)N, V3Si, MoRe,.. -Very active work
with dielectric resonators is carried out at INFN Neapel to optimize sputter/co-evaporation
parameters for good film performance.

Other important characteristics in definin g promising candidates for coating are:

-large area of stability in the phase diagram, especially when lowering the temperature
-stable superconducting properties for changes in stoichiometry.

Also in this respect Nb3Sn is an interestin g material. So far Nb3Sn has been produced by Sn
vapor on a solid Nb cavity body (see talk by G. Mueller). In order to avoid the high costs of
the Nb material coating a Cu cavity by co-evaporation should be tried out. The high thermal
conductivity of Cu as compared to Nb would be another advantage.

Nb Sputtered Films on Cu Cavity - S. Calatroni/CERN

Sputter parameters have been investi gated and optimised in respect to hi gh Q-values (up to
gradients of the order of 10 MV/m):

-physical properties of the substrate (spinning, hydroforming, electro-polishing)

-variation of the sputter gas ( Ar, Kr, o))

High Q-values of 10711 could be established. But there still exists the Q-drop when raising
the accelerating gradient. Above 10 MV/m all measured curves merge to the same Q slope.
The best high gradient cavity reached 28 MV/m at a Q-value of 0.5*10"9. A conclusive
explanation for the Q-drop is still missing.

In situ pre cleaning of the Cu substrate by inserting a special cathode before the Nb sputtering
has been used in the past, and will be tested again in view of producing films as similar to the
bulk as possible.

Hcl of thin sputtered Nb films was measured by the induction method: it is of the order of 50
mT. As compared to the maximum values reached so far, clearly Hel is surpassed in RF
applications. It was argued, however, whether the low measured value for flux penetration in
thin films can be interpreted as Hel (as defined for a bulk superconductor).

Nb Sputtered Cavities: Present Experience and Future Plans - P.
Bosland/Saclay

At Saclay single cell Nb-Cu cavities have been coated by magnetron sputtering. Here the
cavity can be heated up to 400°C during the coating process, and the Cu cavities are polished
by a special mixture of sulphuric and nitric acid, but not by electro-polishing. The highest
field reached was 25 MV/m at a Q-value of 1.2¥1079 limited by power.

The effect of substrate roughness was studied on samples using a thermometric method for
surface resistance measurements. BCS surface resistance is not affected by roughness, but
there is a clear correlation between the value of the residual resistance as well as the Q-slope
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versus the growth defect density. These defects, typical of sputtering technique, are generated
by small defects of the copper surface before deposition: substrate roughness defects, dust
particles already on the surface or coming from the magnetron cathode during sputtering.
However, the growth defect density is not the only origin of the reduced performance of
sputtered Nb/Cu cavities. Sometimes the Q-slope is reduced after baking at 90°C for 20 hours.
Several new Cu cavities were produced by hydro-forming. It was proposed to electro-plolish
these resonators prior to coating.

Nb3Sn for RF Application - G. Mueller/Uni Wuppertal

There is a long lasting experience with vapour diffusion coating of Nb resonators with Nb3Sn
at University of Wuppertal. The high quality factor of 10210 at 4.2 K (1.5 GHz, CEBAF
frequency) clearly demonstrated the promise of lower Rbcs for Nb3Sn as compared to pure
Nb. At 5 MV/m the gradient was still above the specified value for CEBAF. This resonator
was produced from high RRR 300 Nb, coated at Wauppertal and measured by P.Kneisel at
Jlab. After Ti heat treatment hi gh RRR Nb cavities show large grain size. This unfavourable
situation for uniform growth of NB3Sn grains was overcome by Sn nucleation during SnCI2
treatment at 200°C.

Discussion started about a possible continuation of the work with Nb3Sn in collaboration with
Wuppertal, Saclay and DESY. Unfortunately there was no report about the detailed plans at
Saclay, but H.Safa expressed his interest in this work during private conversation at the last
EPAC.

Example for Coating by Sublimation:TiN for RF Windows , J. Lorkiewicz/DESY

The coating of RF windows with Tj by sublimation was reported as example for this
technology. The conversion to TiN is done by using NH3 during deposition at a pressure of
107-3 mbar . The conversion is completed by a further Ammonia pressure of around 400 mbar
for another 20 hour after Ti coating.

Report about Joint Coating Project between INFN Roma and Soltan
Institute - R. Russo/INFN Roma?

There is a collaboration between Soltan institute and INFN, Roma about building and
operating a planar arc source for sample coating. Main question is, whether microdroplets are
a problem in this coating procedure. As pointed out in Langners talk, the vacuum arc method
promises to produce a cleaner (no carrier gas) and more compact (hi gher impact energy of
metal ions) Nb film. It is expected to get a conclusion in two years about the relevance of this
method for cavity coating.

Report about Activities for Coating Cavities for the Muon Accelerator -
Hasan Padamsee/Cornell University

A Fermilab neutron factory study calls for a 200 MHz SRF linac. Because of the large cavity
size at this low frequency, bulk cavity production would be very expensive. Therefore an

R&D program is started with the aim of demonstrating 15 MV/m gradient in three years with
Nb coated Cu resonators. One challenging item is the high stored energy of about 1000 Joule

per cavity. Also in this respect a Nb-Cu cavity has advantages because of stability against
quenching.
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Agenda for the Meeting about Thin Film Cavity Coating
July 10, 2000, Seminarroom 1, Bldg. 1, Starting time: 11:00 h
(The TESLA Board Meeting is held in a different part of the same building (seminarroom 4,
Bldg. 1b)

Sequence of talks and duration might be modified. The schedule is only a guideline.

11:00 Classification and Overview of Various Deposition Technologies - J. Langner/Soltan

Institute (60 min)
- evaporative technologies
- sputtering
- arc
-IBAD
- lasers

Sputtering
- ion beam sputtering
- glow discharge DC sputtering
- DC magnetrons
- reactive sputtering

Vacuum Arc-Based Technologies
- categories of vacuum arcs
- coatings from arcs

12:00 Exotic Superconducting Materials and Related Deposition Technologies for Coated
Superconducting Cavities - E. Palmieri/INEN Legnaro (40 min)

13:00 Lunch
14:00 Nb3Sn for RF Application - G. Mueller/Uni Wuppertal (40 min)
14:40 Nb Sputtered Films on Cu Cavity - S. Calatroni/CERN (40 min)

15:20 Nb Sputtered Cavities: Present Experience and Future Plans - P. Bosland/Saclay
(40 min)

16:00 Report about Joint Coating Project between INFN Roma and Soltan Institute -
R. Russo/INFN Roma?2 (20 min)

16:30 Coffee

17:00 Report about Activities for Coating Cavities for the Muon Accelerator -
H. Padamsee/Cornel] University (10 min)

17:10 Example for Coating by Sublimation: TiN for RF Windows - J. Lorkiewicz, DESY
(10 min)
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CLASSIFICATION AND
OVERVIEW OF VARIOUS
DEPOSITION TECHNOLOGIES

Introduction
-CVD, PVD

Evaporative Methods

~ Sputtering

-DC magnetron
-reactive sputter deposition
-bias sputtering
-unbalanced magnetron
-sustained self-sputtering

Vacuum arc

Film Quality

Conclusions
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Chemical Vapour Physical Vapour
Deposition Deposition
Thin film crystallize due to Vapours ( ofen ionized ) of
chemical reaction of a gas or metal, alloy or compound are

vapour introduced into a source of films.
reactor
AP CVD Evaporation
LP CVD Sputtering
PA CVD Arc
Laser

microelektronics

hard coatings
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Fig. 1. Characteristic energies of metal species in PVD.




Evaporative Methods
ION PLATING
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Sputtering

-ejection of xtoms or molecules ¢7 i v tio 0

suriace as struch by a fast incideas SRR IR

S—10eV
-angular distribution- E = F(cosW)

-energy of sputtered atoms —

-Sp uttering yield — Y= N,/N,
Y:Y( Ei, Mi, (L,...)
-threshold energy -20eV

fon Beam Spuftering

Glow Discharge BC Spuitcerin:
DC Magnetron

RF Sputtering
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Diode Sputtering

Triode Sputtering

Hollow Cathode Sputtering

Electron Cyclotron Resonanse
Sputtering

Ion Beam Sputtering
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Reactive Sputter Deposition

-sputtering of a metal, alloy or compound in g
reactive gas mixture ( Ar/N,, Ar/O», Ar/CS/HH.) in
order to deposit a coumpound thin film ( TiN, TiC,
TiAIN, MoN, NbN,ALO:;...).

-chemical reactions:

on the substrate surface
in the gas phase
at the target

-problems with stechiometry (hysteresis cifects)
control of plasma parameters (spectrometer,
RGA)

-negative ion emision(respattering of su bstrate)

-arcing ( for cylindrical magnetron )

Bias

Unbalanced magnetron
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Bias Sputtering

-growing film is ion bombarded during
deposition due to negatively biased substrate
with respect to anode.

-useally--50V —-150V ( sputtering yield very low)
-desirable effects;

-re-sputtering of loosely bonded atoms

-increasing of a surface mobility incoming
atoms

-desorption of gases (Sputtering gas)
-low-energy ion implantation

-1n result;

improved film quality
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Sustained self-sputtering
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VACUUM ARC

Type Of Discharge

Spontaneous Discharge
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VACUUM ARC

Vacuum arc - low-voltage (20-40V), high current
discharge (50-200A) in vapour of the
cathode material

Arc plasma — energy of ions— 10-100ev
degree of ionization up to 90%
multiply charged ions +2,+3
microdroplets orider o

Categories of vacuum arcs

discrete cathodic arc

-random

-steared
distributed cathodic arc ( hot cathode )
anodic arc ( hot anode )

Types of arc devices

planar
linear
arc-ion-gun

Modes of operation

DC
AC (pulsed)
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Film Quality

-film purity
-film structure (microstructure)
-density
-grain size
-porosity
-surface morfology ( roughness.)
-adhesion
-stress

-can be modified by:

-vacuum condition
-deposition temperature
-gas pressure

-atom ( ion ) flux

-ion energy

-lon/atom arrival ratio
-angle of incidence
-surface preparation
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Fig. 5. Columnar growth of TigsAlgsN coating with fissures and
pores at Up =0 V (transmission electron micrograph, University

of Linkoping, Sweden).
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Fig. 6. Comparison of a dense TiosAlysN coating and a dense
TiN coating. (TIADN: Uy= 100 Vv (2.5 um); TiN: Ug= =50
V (1 um) (transmission electron miicrograph, University of Lin-

kdping, Sweden).
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CONCLUSIONS

Is the simple, cylindrical magnetron
sputtering the best method for cavity coating?

-low N;/N,
-not too high energies
-geometry

Is it possible to improve such deposition
method?

-bias sputtering
-unbalanced magnetron
-sustained self-sputtering
-spherical magnetron

May be arc plasma deposition?
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Exotic Superconducting Materials and
Related Deposition Technologies for
Coated Superconducting Cavities

E. Palmieri



S.c. pfofeﬁ"fe,g 0l Mo gl it Terms 07£

gtzeei )L‘évz damental (vather eZsely weasvrable)

’rc*——' A A:S KT:
s Kl

\ —— NCEp) y 1K NG
L

Z LNGE) e L

) L«f  T<Ti2, we )

!

|'Ie|= 150*101(T/j’ L (20057 &?\

H,: 2.63 )1 T, N
o= 75 K L\ ;ftfww«
Hz»z,_°c Jgo Te ::. \::if“"?',_, H - De

] 7
A, [A] - 1050 [YO/TJ

s \
v - —:///.- Tl" RSQC ),'Mm
X 5 ™m

|Q'

A

‘—l-' . i -2 T

RE X \?oi 7 - K

N .
v ¢ marerial meeds o be 2

L | [ S S o : . ;)



Accordin the C\&SS(CHI l:heovy, PO\’ normnl
mgta\s in the norma\ SKin efpecf

£os Ryw i X, - (1-L),[Mri

20,
Mareis- Bardeen 6 e a5 iy
e T,
GT/OT\ = LW | ;'P(E) - f) |97 dE
, L K

G /on - L% UJ

conducrivity

R Ry orm

1 (0, /0m)"

\Ku.)<< A
T < T('/Z

LOV\AOV\ c(\'vry limiz -




1.4 1.6 1.8 2. 2.2 2.4 2.6 2.8
n-é T I T 7 I | 1 I I
- —
(@) " - a g é)/ T/ 6 5 Ll' . 3 ’
- 7 7 7 ’ / / / —
(@ ’ ’ ’ ’ / / ’
= , , / P ’ ’ ’
= , p , P / ’ /
o / ! ! K ,/ +’ J/ I
Q /
// /, ¢/, //# // 7

/
/
/
/ / /

.]O / / / / 7/ / V2
— , , p / ’ ’ +, —
— , , , ’ ’ p -
— / ’ / / 4 + ’ —

-

7/
/ 4 4 // ! ! / #
- ’ ’ ! ’ / '
, ; ’ ’ /
’ / ’
i, , , ,
7 /
/ / 4
| / 7 / —
/+ / /
’ / 7
/ / /
’ 4 / / + d d / d
/ / ’ y ’
!/ / / 7 /
/ ’
/ 7/ Vs / 7 /

10 / 4 / / ’ / / —
— ! p / / / p ’ _
_// , / ’ / y ’ g

/ / 7/ /
— ! #\ ’ / / /, 4 =0/ —
e / / / 7/ Y /7 / -
. / / 4 / / 4 —
7 ’ ’ ’ ! /
L / / ’ 4 7 / ,/ —
/ / / / / /
’ ’ ’ / ’
/ /
— / Vi / / Y / ’ =]
/ ’ ’ ’ !
’ / ’
’ p ’ ’ ’ / ’
|/ / / / ’ / ’ —
7 / ’ ’ ’ )/ /
’ / / ’ P /
/ / / ’ / /
’ ’ /
/ /
1 Lz ] ] !

T, K]

_ . B NDTIN c.
Steong (ovpling  facror - B NBTN b

Yy: 500 MHZ ﬁ SSERG»'
T -

L2 K @ MowRew

\
N
oo



45

,J\ P b~ e R - -~ s ¢ ,;.\....., DRI .
Vot A A 9, T - CQ C.,LT.D@/M e b .Q \»4 , S \. o Y ..w, SR

| J
[0/3] 3y
6 : [ g

a
\
Q
e
_
e

DN erndme sy



Ne

He

(No) | (Lr) | (Ku)

Md

Fm

Es

Cf

)
A

Mg

|‘ WZ:

Yb

Tm

Er

Ho

Superconducting elements

in thin films

Dy

Tb

Gd

N

=u

T, ~

Supercontucting elements
under pressure

—

‘Sfti ;A\ ‘\14

d o Tog
T d

3d ia «dl
Y

OO . . Y
XY after irradiation

Y v

5¢f;;7 Superconducting elements
%

—




a

N(EF)/ Tc%.\ SRR

/

Vb spectrum N(E) ~ o T Mof W«»«TM

g b
EF & (MQ/LL\/Z

b(&@\m&f MQ/O\-;:> glm'gf' EF
A

!
5,4 A .
7 F {j(% b
30 =
a 5 EF“’) (bé
z ' e T
a0 =
!
|
I
17} ;
!
!
0 5
‘111115F1L111181V1




Ioy selid Solutions AR

- %

Fe Mg CABY= Cy My, () #(, Mg, (B)

A g | 7
Al A
AJ&"’ cl |
= o
Z
e
[
|
s
/7 - ," %
z %
!
O 5
Lo ke | f—-l]eivf e
1V
S EleV]



T 1K)

LF

0 Gey,,
- : A-Tl w-Ir a&-Y §-Nb
"~ : : ¢-Tc o-Cr e-Mo e Re
20+ G"ozs? : '
- |
Alg o ?Sluzs |
i ¥ 25?0.25 |
- | S 25 o |
60ga5 Y : ¢ Reu.35|
_ ? ' l'OTc
AN ! -
Gﬂ[mf | ' 0
i r | !
I ALY
- : : | A”n_zs ’I Q.60
i
i : ;Ge ‘1'03&25
~ B o
— |
! ! l Ploss? G:A”azs
| I"azs’b ' : |
= / tsnﬂ.ZS PtU.Z ? : oIrmr’
- l, ' o
Sozsy | hee ]
- 0.25 - $Ge
5 Sbuzas‘ /, : 0'25 : '105“5”
B | Ir Pt
i /I ‘ : 0.25 " Bosuzg 0.25
/ "JMozs Pozs kg PRugy
N ' N, /w
/b BlQZS \88[ 0.75 Rhﬂ_zs 8 / qlAUU_ZS
Sy, Sbg 17 9N 05, O Irw"“‘mas
0.20 / Sh \'\EtOA!SG eﬂiﬁ/lr 0 N g “.M th
pbozm?/ | L ETY s e ws gazs |
7 ! d Rh
4 5 02 4§ 0.25 s 7
Nele/a
b ES gy b



Imelt.lo[:]

17

- o 74
o o 44
_ ]\ o §q
= ;[
—_ |
0_ | 1

¢ 5 6 7 8 9”8:[8/0-
TGV

Zr Nb Mo T¢ Ru

Hf Ta W Re O0g Ir

o Jd
O 4yg

Jouu - / \
2000+ 4\\)__0
1000\

0. ! | | | ! |
5 4 g 9 Ne[e/ﬂ]
TV Cr
Ir Nb Mo Tc Ru Rh
Hf Ta W Re 05 Ip




AT

/7
j e
0 i 3 | i I ‘ - ‘
$ 5 6 7 8 9 n
3d TL V o

a4d 7Zr Nb Mo Tc Ru

/R *Jd
~ b ® 4y
@ LIV
Q

E -

f_\j .

E 5

> |

s5d Hf Ta W Re 0s |r

—

/4SS T N N
A VAR BN I EY0Y
Ty

Zr Nb- Mo Te Ry
HE Ta W e Os .Ir

P
Iy

20



[D/3

dI SO 84 M Dl JH
ny 91 OW gN d4Z
5 AU
N6 & L 9 ¢ %
T— T T T T T/
1, 3
of 160 =
\- =
. &
g L
— 77
P¢ o — &7
Ph o Ny
PE e i

4 S0 84 M Dbl JH
g 3L OW QN JZ

A

1

L 9 ¢ 7

[D/3]°%N6 ¢
T—T

|

|

S
X

[a10w/ w3, 11X

S
&

J0¢

FER T
IS



No 20 4w s 8 7r

L
+ -
&-
+ -
+ ——
+* +
++ 1
o 4
F + ]
of*
+ -
|
g
A -
A. -
4
n‘l‘ 1
O o o

JUNIVYIINIL NOILISNYHL

100

30 40 30 60 170 80
TITANIUM %

20

|10



No 20 4 &) 80 Mo

e 20 4 & & W



(3,) sJ4njvJyedwsy uoy3|sodeg

2rarT Qo8 @es e+ oz 2
| ! | _ _ ! | | ]

T1

JYNLBY3dW3L NOTLIS0d30 "SA %28y %ol IyNLIHNIAWIL THOILIND

ROl 14D

(M) 3dJnievuadusy



A G

(D251
BB 1

a8

s

(%)% I

o
(M) 1

tH Iu oW



L
—i —
L
.
.
- _
. :
- :
- :
P —
l | I |
I

(WOxWyodow) A1gogqs;sea [eNplsay

’.‘f\

P
b

(°C)

5808 801 lgev
TS

433

2808



SOPUIIU 1310 Yiim NIL JO JotARYaq AN[IqIosipy

'SOPIQIED JIYI0 Yiim DL, JO JOIARYAQ ANIqIostpy

De M umnuduui

I s NiL

N 1]} o274 o 1}
1’« 4\\14A L) T T L ° -
c - - e \
R “ \ J m
RN R4 2
AWMUl - { ooz AL S — ooz 4
. ,.. “\..\WHNiE"H M
—_—— T T e 5
0007 000Y o
0
A o 11
14 AT L 8 0
AN
ol 000Z
T~ © o
0007




Spec. e\. resisrivify (Pﬂ-&’m)

T tr V  Nb Ta
N L) % 55 5§
C > 41 5% 4y f
B, * 13 |2 4 T

C 7. |
I L Zr NbjMo
49 wd o FE s / Sl HeTalw

.

For Carbo-nitrides -

, 3d w4 d T
]/7_ ' SA ;lec{ ‘N

e o _ _ ‘7 :
v . v .n . l—‘ M I . Tc &
(W AT (4] AT Wi
Vi vV .
ke w (AT ALK (AL 40w
' o NbN-TiN .
k\ x ~—— e
_ v \~9\0
NDN-ZrN , wrN-HfN
i ~~_ NoN-HfN | T
x\x
’ NBk - Vi
LR
o asr -
u’c)
0 ! 1 2 1 L 1 1 ] 1 1 $ ! ! Lo 1
2z asw wy wr = 9 22 47 w a8 z




6‘{4%6 J- 29 X -(ay 4}(@;3? Conmete

1.4 v T T T T T T T T T v T —

. 398

zc OQ)
»
L._f__L
__{,_
[

4. 36

4. 34

~ 4. 32] + ", +
4. 30

4.28

2
N
Q
i T I 1 M T RS T T
_._{,___
—
i

1 T

>
N
£

»
N
e

1 1 1 1 1 2 ! 1 1 1 1 1 A 4 nd, i A e
L0 G. 80 .90 1.00

X
Y ( 'ﬁ L \ 4 ﬁ/ ¢
‘;\. < ki ) ‘ : : » 5 ? ? LA . “\

(ON
Q
c
o)
o
o
£y
(=}
o
w
)
o
o
=)
o
tn
@)
o)
o
c
o

Lattice . constant a (in K) as a function of the

L o)
composition (x) for our (Nbl Ti )N films
-X X

meta -%o‘a[ colovred (shipr to Fhe %0(0‘”\«5\'0&”1?2!

5ame Nb/T: aromic vano o) the targer (avsmagodl £.p s;

Sira%le VRO h Se pea K. [ 2010] o(a'rccf.'ﬂ\ L subsir
9

H\'%b\ Aegfee‘ o)B PYQ}CVQM'!.Q’ grieh 7T oh

%Yaih S\'Ee = 200 »~ 300 A

Y



A-15 waSerigls

Ay B

A-15 (OR 3-W)
A,B

A-Tranction

Metaa{ s
= metal or Semicondvctoy

A

ALS AlS T.(K) AlS T.(K)
v,0s 5.15 V,Si 171 Nb, Pt 10
v,Rh 0.38 V,Ge 7.0 Nb,Au 11
V,Ir 1.39 V,Sn 4.3 Nb,Al 18.9
V,Ni 0.57 V,Pb 3.7 Mb,Ga  20.3
V,Pd 0.08 V,Sb 0.8 Nt,In 8
V,Au 3.2 NB,Si 18
V,Al 9.6 Nb,Os  0.94 Nb,Ge 23
V,Ga 15.4 Nb,Rh 2.5 Nb,Sn 18.3
V,In 13.9 Nb,Ir 1.76 Nb,Bi 2.25

-

S



ALS T.(K) AlLS T.(K) ALS T.1K)
v,08 5.15 V,Si 17.1 Nb, Pt 10
v,Rh 0.38 V,Ge 7.0 Nb,Au 11
v,Ir 1.39 V,Sn 4.3 Nb,Al 18.9
V,Ni 0.57 V,Pb 3.7 Nb,Ga  20.3
v,Pd 0.08 V,Sb 0.8 Nb,In 8
V,Au 32 | Nb,Si 13
VAl 9.6 Nb,0Os 0.94 Nb,Ge 23
V,Ga 5.4 Nb;Rh 2.5 Nb,Sn 18.3
139 Nb,Ir 1.76 Nb, Bi 2.25
o
T, K fo/ .cm RRR j/ A
V3Si 16.5 4-6 20-30 1100
Nb3Sn 18 20 3-10 1100
Nb3Al 17 50 >3 1830
Nb3Ge 22-23 30 <2 1150

SPUTTERING CONDITIONS FOR DC DIOD and MAGNETRON
SPUTTERED A1S5 THIN FILMS

SUBSTRATES : supphire, SiO7 /Si
Tg = 700 - 900°C
P =10 - 50 Pa

Q
Deposition rate 1 - 5 Afc

S
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Formula T.(K) Formula T.(K)

C uui eVRE {. P %&S \'S Mo4Ss L7 Mo,Se, 6.3

Cu,Mo4Se 10.6 Cu, MogSe, 5.3
Cu, ¢M0Se, 4.6
AgMo04S, 8.5 AgMo¢Se, 5.8
’ SnMogS, 11.8-14.5 SnMoSe, 438
A r\ )& 0 >/ PbMo4Ss 12.5-14.7 PbMo,Se, 3.6
X 6 é) NaMoS, 8.5
LaMo,S, 7.0 LaMogSe, 11.2
: PrMogSs 26 PrMo,Se, 89
J = g SQ TQ NdMo4Ss 3.5 NdMogSe, 8.0
/ /| . SmMo0,Ss 2.4 SmMo,Se, 6.6
' GdMo4Ss 1.4 GdMo,Se, 54
A : MMOSTT h y YbMo,Ss 3.5 YbMo,Ses 52
| 6.2 K
oOO!— ;
{ 1
. i
i !
500
Pb Moy Sg

400

Critical field H ., { kgauss)

100

[g)

12
Temperature (K
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Mo-Re SUPERCONDUCTING THIN FILMS BY SINGLE TARGET MAGNETRCHM SPUTTERING
A. Andreone°, A. Barone®", A. Dj Chiara°, ¢. Mascolo*, v, Palmieri:

» G. Peluso® and
U.Scotti di Uccio®

° Dipartimento di Scienze Fisiche Yniversita di Napoli and

* Dipartimento di Ingegneria dei materia.i e della
" Laboratori Nazionali di Le

" Istituto di Cibernetica

INFN, Napoli, [taly
produzione, Universiti di Napoli,
gnaro, INFN Legnaro (Pd), [taly

» CNR Arcofelice (Naj, Italy

Italy

Over the last decade 3 Mo-Re alloy sy stem

n the bulK porm Was proposed as a Suicable
low-loss  wmaterial to be studied in cavities
\)Yotot}")es (Yasaits, Rose , IEEE" Trans. on Maah. Ma%-H,Q}#,I‘}?S)
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Mo Substrate location, Inches (A and 8 ) Re

Fig. 1. Curve A--T, vs substrate location for Mo Re
films sputtered at ~ 500 A/min onto 1000°C substrates.
Curve B--T, vs. location for fims sputiered at ~ 1000
A/min onto 1200°C substrates. Curve C—T, vs. com-
position for bulk Mo-Re samples (curve drawn from data
of Blsugher er ui.*).
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VbN has been considered 2s 2 promising
matevial for Superconductive cavities

To w0 173K He, = 1350 KC ONBN fhase

10~4 > =

i/ i

R Nl Vs

// f; &
1075 / .,vé)/
/A _
Myaye, Pham Ty, Vier W3 resKi,

. Vil\egier' Rw_ ?I\ys_ HW'
10 . . : . 29, (57 (|°)35)

T (K)

° Low Secom{avy emission coe”(cehrl

. Mt can be easely ]Cabn'carecl ih thin [ilm
{orm by Yedctive gpuﬂen‘n% wchnf;iue:;

with 2 %004 adherence on Variovs ’whstrares

® As all the cAarbides and Mtricleg ox transifion
metalg  NHN Iy quite insengitive ro
Licordev QH’G(I‘S That meang 2lso Sca‘fcegy
sens.tive +o (adidtion



150 - . —
RRR=.38 |
145 |
g § 140 -
g 3
é g 158 L °
130 - 4 1 1 1 1
: ] 50 100 150 200 250 300
T (K) \ T(K)
NbN qrains  sutrounded by voids of very disovdered inrergranylar

Yexith

H{fag\ Eg,igw RER Tuha(?‘ma 0<<\)rrm~3 betweon
fegdtive Tek, minimd =  rather “fow ey h‘l’y %mm
i R(i’} {1“01‘ XQVQV(Q?(’!:! B/ d U e

e i

sn\xble crysra‘ T:me feo . oly erysalline d“‘“lfo (PWD,F)
”ﬁ\’; Medya M\rf

Reiss, Vancea, Hoffman , Chys. ev.led. 5¢, Li0o (134¢)

Q-/D - “':/0
G(Qa, D,F‘) : = ! off * ¢ (1-QR0/E 3
RRR: QRE.. S0 i |
3 S’y( 3n0)

18

R,RR ‘l v v T T 2§ T Y T

18 | 4
14 |- - X'Q‘(')oo):S?}AQ-G\M
12} -
RRQ.. = 2 .1
o8| .
os |- < Y ) : ¢ F\'Q' (nan
04 | - YR TVO R D L NN SN 7Y
02} L i RRR uf To
0 100 200 300 400 sc0 T: N
' P(20) (u02 cm) ‘ go.‘:‘ 3’4.(2 Ova



18.00¢-
I
16. 00—

14.00
12.00+
10. 00k

8.00

8.00-

Q. OOL‘ 1 1 1 1 1

100.

P20
30
(1 fdxcm)

80.
70.
60.
S0.
20.
30.
20.
10.

a.

0.00

T T‘I"—m-—‘f_:r_‘(‘*

0.20 0. 30 0. 40

2. Superconducting critical
of the composition (x)

20 00 e e
-

B S SO WY WA SN SHNY SR T b b L .J
a.sao

temperature Tc as 5

for our (b

0.60

-4

1
.

-

I

4
—
“

3.70 0.80 0.90 1.00

X

fimetyon

Ti Y films. The

1- X
dashed line represents the butk ror;n{f,s.

T

T

p—

-

—k A 1 ! A { 1 L

4
|
_?I
|
|
|
!
i
|
]
B

[

O S T G S SR R S S S

t ' ,
[ S S S,

!

¥

0.10 0.20 o0.3a a. 40

Fig. 4. Low temperature normal

a.

S0

e SR SN G S

0.80 0.90
X

0.60 0.7G

state resistivity »p as a

function of the composition (x) for our (Nb Ti N

films.

l-x x

1.00



18

1°¢ 080¢ 0981 SLT 29 8°GT 00¢ N T.L aN)
(2 006¢€ 0LLT 8L 0LT g€°st 00¢ NAN
L9°0 GIST 080¢ 08¢ SE 8°91 009 zAmv OHB¢m onzv
s8°0 0E€ETC 00T¢ SLT 0L LT 009 NAN
(su) (¥) (20) (=20) (wo ) (q) (Do)
s ° ys 12 u
(sog) d X H H d oL SL




£ 00V 00vc 0GLT l G276 aN

G8°0 0€1c 00Ic SLT 0L LT NN

LZ°0 00TTI 0G0V GES 0¢ Z°81 cmmnz

0¢€ 08LT 0E6T 0¢c 0¢€ P01 s¢ ouNmn onz

- 0

06 0c1c¢ 0GLT G9T Ob 8°6 voﬂbm aN
(su) (V) (20) - (20) (wd yr) (M)

s ° ys 12 u

(s2d) o Y H H d oL

=

. - . . -

S21iAes fa Ao 2i10y> 3529 a4} suasonde.

jou ¢ w Xmo_og;uml

uwzwaz Ul Pasn x,wo;m’ SZAN put '] AN



Cav. 500 MHz @ 4.2 K

L
5

= >

C Z

.05_5 D&H

*“%Z ..................................................... e e 1

o © O
oo 0

O O

100

10



¥ 0005+000v : SSauUXOTUy WTT4

09S/V Gy : s3ea dutJasizindg
JEQqU omxw+m : Aﬁmzv&v 5JnssaJdd UsB0J3 TN
<mw ] : 3U8J1JINnd 383Je]

N CQQ . a8ej Ton 3984e]

vV 9 : 1UsJIJNO  8pouy
NG9 : s8e3 10A Spouy

Y. 009 : o s] sJnjedsadwsi &sj3eJd3sqns
Jequ  (OT*8 : aJnssaJdd uo3day
- (P2T1330JUyy 8aTea uTew ‘uo J33edY)
Jequ  OTXe*T “ Jutlasqyaynds aJ039q aJdnssadd
meenuoaxa S : sanssoJad waasAs 9j3ewWIlIN

\ -—

—

X X-T
.mcoﬂuﬂmoqmﬁanH pzv

17 03 UowWwood saojoweded Butas3zindg

I



Status and Prospects of Nb,Sn Cavities
for Superconducting Linacs
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1. Motivation

2. Fabrication and microscopic quality of
Nb,Sn layers on high purity Nb cavities

3. Results of Nb,Sn cavity tests

4. Conclusions
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Fabrication of Nb,Sn Layers on Bulk Nb Cavities
by means of the Vapour Diffusion Technique

Nb,Sn coating furnace for accelerator cavities (f=1Ghz, L<1m)
with seperate heaters for cavity and Sn source (T<1200°C)
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— Improved nucleation of NEBSn especially on high purity Nb
by SnCl, (at T=200°C) and oversaturated Sn pressure (1Pa)
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o on hicgh purity Nb by SnCl. at 200°C
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Nb,Sn layer grown for 3h at 1100°C and P_ =1Pa
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Conservation of high bulk RRR after

optimizing the Nb,Sn-coating procedure
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First Results of Nb,Sn 5-cell Cavity at 1.5 GHz

CEBAF model structure without waveguide couplers

1.00E+10-
Nb3Sn
5- cell cavity
test #1
5.{ .q
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L ® 9
| | .+ @ L
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8 1.00E+9 1 [ - “
|
m 42K
@® 2K
10.00E+70..,111"2--"3" A : A 7 8 9
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= after HPWR Eacc= 7 MV/m (Ep= 16 MV/m) achieved at 4.2K
=> no improvement but quenches after oxypolishing

= transfer of 1-cell results to 5-cell structures challenging
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Surface Resistance of two Nb,Sn Coated
1.5 GHz Single-Cell Cavities (Nb RRR=300)
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> Extremely low Rres <10 nQ possible
for optimized fabrication parameters and surface cleaning (HPWR)
and slow cooling rates (1K/6min) in the supercond. transition range



Temperature Mapping of Nb,Sn Cavities
in Subcooled Helium (T = 2.2K)

Rotating arm with 16 Allen Bradley resistors ( 1002, 1/8W)
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T-Map of the best Nb,Sn Cavity before Quenches
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T-Map of an oxipolished Nb;Sn Cavity at 4 MV/m (&,)
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=> local defect (at S11) above uniform H? background heating
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= defect dominates nonlinear losses (Q drop) for Ep < 5MV/m
= background heating quadratic (stronger) for Ep<(>)10MV/m



Typical T-map at Ep = 8 MV/m after occurence of quenches( Py
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Quadratic heating AT~ E,* up to saturation = frozen in flux



Q Degradation of Nb,Sn Cavities after Quenches
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Conclusions

Uniform Nb,Sn coatings have been obtained on
high purity Nb cavities with an optimized vapour
diffusion technique without Nb-RRR degradation

Extremely low Rres<10nQ and Ep up to 35 MV/m
were achieved for 1.5 GHz 1-cell Nb,Sn cavities
after HPWR, resulting in Q's above 10" at 4.2K
Anceponential U degradation was reproducibly
seen for En>10MVY/m, but its origin is still unclear

Temperature maps in subcooled Helium revealed:
nearly uniform quadratic losses for Ep<15MV/m

X

nonhoonr losses py defecis L lior ox violishing
oo coourrent-induced tocsos after quenches

Firet results of a 1.5 GHz 5-cell Nb,Sn cavity
showed less performance. but are promising for
appiications in medium-gradient high- efficiency
supers@nductmg linacs with CW operation at 4K
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Cavity manufacturing techniques
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Thin Films activities at Saclay

sputtered Nb/Cu cavities

P. Bosland
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Sputtered cavities

* 1.5 GHz hydroformed at CERN
* 1.3 GHz hydroformed at Saclay

The major limitations of the Nb/Cu cavities
performances seems to be linked to the copper
surface before deposition rather than to the
niobium sputtering itself .

Ny

We developed a chemical
treatment for the copper cavities:
SN bath
(a mixture of sulphuric and nitric
acids)



6 hydroformed 1.3GHz copper cavities
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Sequence of processing the cavities:

1- chemical polishing

2- HPR at 85 bars

3- drying in class 100 clean air room

4- mounting of flanges and dust free
transport to the sputtering set-up

5- slow pumping of the cavities

6- Nb sputtering with argon (400 °C)

7- HPR at 85 or 30 Bars

8- drying in class 100 clean air room
(about 3 hours)

9- mounting of flanges and dust free

transportt to the cryostat insert for RF
tests



Hydroformed Nb/Cu cavity at 1.3GHz

S1-14
1B e
:*‘f’f’:f:*:}:iff’ff_::ffff:f::f:ff:f::f:
1B+10 === v-———--=-"+> Heleak -
o fffffffffffffffffffffff‘,t;_“_,_4,__f e 17K
o DU R R RS e TP
1E+09 :::::::qizi::::i:::::::::::::;:’::::::
S S T EEEEE ek e
D S St &R
1E+08
0 5 10 15 20 25
Eacc (MV/m)

No exponential decrease:

etfect of the copper characteristics ?




The five 1.5HGz cavities
tested at 1.7 K without baking

1.00E+11 o
+ S1-10-A2
= S1-10-B1
oS1-11-Al
o e S1-11-Bl
LR STN 5 S1-08-C1
LOOE+10 o == s 0wy —
L'} [ - U. ﬂ' ; ‘A K
‘ e - o £ [ ] hd * Te
'\-._ "Ta eD Q o toe—jd . |
- we o on N * e LN
1.00E+09 e T ¥,
-
1.00E+08 .
0 5 10 15 20 25 30
Eace (MV/m)

Exponential decrease of Q,, for all cavities

Best result: E  =25MV/m with Q,=1.2 10°




Effect of baking
( S1-11 cavity baked at 90°C during 20 hours )

LOOEH] peeeepeee o e
second-testratter baking

1.00E+10 "--ﬂ.f= N S— . thgm leak

I~ e

O = -
1 OGE+09 - first measurements 4 :
1.00E+08 _ _

Eace (MV/m)

\

Baking with the same conditions S1-08
cavity had no effect on its Q-slope !




Conclusions:

1.5GHz and 1.3GHz Nb/Cu cavities
were all limited by power (Q, slope)

Best cavity at 1.5GHz reached:

E,.=25 MV/m with Q,=1.2 10°

R..s and slope correlated to the
growth defect density

=> improved cleanliness
=>improved copper polishing

growth defects are not the only
origin of R, and slope:

Qg slope is sometime reduced by a
baking at 90°C for 20 hours
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Mucn Collaboration

Superconducting Cavity Requirements
and Development

Hasan Padamsee

Backeround

Short muon lifetime demands high gradient

NC cavities at high gradient
=> very high peak power => $$

With SC cavities filling times can be made long
to lower peak RF power

Based on 400 MHz LHC cavity results
we can optimistically plan for Eacc = 15 MV/m

see example
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Muon Collaboration

Fermilab NUFACT design study calls for
200 MHz RF for Linac and RLA1, 500 cells

400 MHz for RLA?2, 1500 cells

Higher frequency, less RF, less $$ for
11-50 GeV RLA2

Altogether, NuFact Acceleration = 2 x LEP-II !
Development pressure is on the 200 MHz system
If Muon storage ring built at < 15 GeV,

need 200 MHz system

200 MHz is lower than lowest frequency ever
for SC (350 MHz)

except

Must also explore ways to improve
Nb/Cu quality
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Muon Collaboration

What is the RF power needed for SC cavity?

Average beam current =
total charge per RF cycle x repetition rate =

(for 3 x1012 muons)

0.48 uC x 4 passes x 15 Hz = 28.8 uA

Beam on time = (no. or recirculations x path length)/c
=9 us at rep rate of 15 Hz

=> Beam on duty factor = 0.13%
Peak RF power to match to beam = 2.4 MW/cell

Fill time needed to reach 11.25 MV in cell
= 0.58 ms

Matched QL = 5.3x 105
BW =380 Hz
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Muon Collaboration T Reduce Peak Power Cost

Take advantage of long filline time feature of SC cavities

Increase filling time to 2 ms

Passage of bunches extract small fraction of cavity stored
energy

0.5% (Linac), 2.2% (RLA1) and 10.8%(RLA?2)
Assumption:
Energy extracted by beam does not have to be replenished

during the RF pulse

There is also a choice about what QT to use.

If we keep QL around 5.3 x105

Ppk = 728 kW/cell
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Muon Collaboration

How much microphonics is tolerable?

Calculate how far can we run off resonance and reach 15 MV/m
with this power?

Ans: 10 Hz off resonance tolerable
This may not be safe enough.
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Muon Collaboration

To be safe, assume we need to tolerate microphonics of 80 Hz .
oiven the laree structures

Now we chose QL to get lowest power.

Longer fill times will allow further RF power and cost reduction
for optimum choice of QL.

For example, fill time = 3 ms,
QL = 8x105, P = 680 kW/cell

R&D Objective:
What 1s the best fill time, loaded Q and power level?

.
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Muon Coliaboration

Cavity Parameters

RF Frequency MHz 200 400
R/Q per cell Ohm 100 100
Active Cell length m 0.75 0.375
Cell diameter m 1.5 0.75
Gradient MV/m 15 15
Voltage per cell MV 11.25 5.6
Stored Energy per cell Joules 1000 126
Qo 6x109 6x109
Operating Temp K 2.5-427 2.5-4.27
Peak RF Power per cell kW 820 200
Loaded Q 6.5x105 2x106
Bandwidth Hz 300 200
Fill time ms 2 2
Duty factor % 3 3
Dynamic heat load Watt/cell 6 1.6
Number of cells 551(Linac 1511
+RLAL) (RLA2)

Operating temperature: 2.5 - 4.2 K, needs R&D
Depends on severity of Q-slope
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Muon Collaboration  RF System Parameters
F Pulsew MW per Cells per  Number Tot.
MHz msec Linear_m  klystron cells installed
Votage
/GeV
Linac. 200 2 0.55 10 320 3.6
RLA1 200 2 0.55 10 231 2.6
RLA2 400 2 0.2 60 1,511 8.5
total 14.7
name Peak Ave Pwr  No. of Linear_m Linear_m Average rf
MW kW /kly klystrons  per kly p
MW
Linac. 8.25 247.5 32 15 480 7.9
RLA1 8.25 247.5 23 15 347 5.7
RLA2 9 270 25 45 1133 6.8
Total 80 1960 20.4

Roughly 80 klystrons x 10 MW each
= 800 MW, 2 ms pulse length, 3% duty factor

In terms of average power
these klystrons are comparable to other devices

But not in terms of size
Length of klystron
200MHz, 3-4m, 400 MHz 2 -3 m

Average RF power = 20 MW
Wall power for RF = 40 MW

—
-

SN
RE
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Muon Collaboration

Refrigeration Heat Loads

Dynamic Heat load
Linac + RLA 1 =3300 W
RLA 2 =2418 W

Static Heat LLoad 5 W/m
Linac + RLA 1 =4200 W
RLA2 =5700 W

Total Heat load = 15 kW
Refrigeratior AC power = 5 MW
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Muon Collaboration

Challenges

1.5 m diam x 2 m long (w beam tubes)

esp. inmpu]sed operation

High Field, high Q performance
Eacc = 15 MV/m, (active gradient) Q = 6 x109

What is the best fill time, loaded Q and power level?

What is the best operating temperature?
2.5-42K?
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Muon Collaboration R &D PI’OQI‘&HI

Aim: 3 year goal : Show 15 MV/m gradient
5 vear goal: Cryomodule test

* Develop. design, fabricate and high power test one 200 MHz
single-cell cavity.

Approach: Nb/Cu suitable for 200 MHz Why?
1) Significant savings in material cost

If made from Nb sheet, 6 mm thick,
Nb cost for 500 cells will be 70 M$ ($200 per pound)

2) Quench resistance (one kJ stored energy)
copper wall can be made thicker for stiff cavity against
microphonics

3) CERN has made substantial headway in Nb/Cu technology

Need to improve Q slope.
7
e
fie

Muon Collaboration Improvementq




* Cost reduction
* Q-slope reduction

No Welds - cost reduction, better performance

Spin single-cell copper cavity from one sheet

Collaboration with INFN

They have already spun 1300 MHz Nb and Cu cavities from
single sheet

Q-slope reduction

Develop collaboration with coating laboratories
to explore high energy niobium deposition.
small samples

Analyze film properties and
Test RF properties at 6 GHz
Host cavity available



J. Lorkiewicz, DESY. 05.06.00

Example for Coating by Sublimation:
TiN for RIF windows

J. Lorkiewicz, B. Dwersteg

Collaboration: A. Brinkmann, D. Reschke, X. Singer, K. Twarowski,
others

TIN coated coupler components:
- flat WG (waveguide) windows for the main TTF coupler,

- DESY TTF - III coupler cylindrical 300 K (“warm”
windows,

- DESY TTF - IIl coupler cylindrical 70 K (“cold”)
windows,

- DESY TTF - II coupler coaxial line components.

Coating method used:
- Ti vapor deposition in NH; atmosphere

/""7W
Dt



MEASUREMENT OF MULTIPACTING CURRENTS OF METAL
SURFACES IN RF FIELDS

D. Proch, Deutsches Elcktronen-Synchrotion DESY, Hamburg, Germany and

D. Emteld, R. Onken. N. Steinhauser,
Abstract

Mulupacting currents can absorb R energy and produce
breakdown in high power components such as - couplers,
windows, higher order mode absorters, ete.. This phenomenon
starts il certain resonant conditions Tor electron trajectories e
fulfilled and it the nmpacted surface has a secondary yield farger
than 1. There are known recipes o reduce the secondary vield

by coating techniques but  the success  rate s often
unsatisfactory._Therefore  we  have  started svstenuilic

measurenents of the RE mulupacting current. We measure the”
multipacting_current Detween two electrodes Lo asspectally.
SR N e P

designed coaxial resonator. Technical surfaces (Cu, plated Cu
on stainfess steel, Al Stainless steel) have been investigated
before and alter surlace Geatments such as chemical cleanng,
baking and Ti coating. We present data for the strength of
multipacting, start current, processing time and possible
reconditioning.

[. INTRODUCTION

Multipacting is a  phenomenon of resonant clectron
multiplication:

*one electron is accelerated by the clectric RE field and hits
the target surface after one even (odd) number of RE hall
excles as resonant condition for one (two)  surface
multipacting,

*the impacting clectron produces more than one secondiy
electron.

These twa conditions have to be fulfilled in order to start
an clectron avalanche. This electron current might result in
severe  limitations  of the  stored CHETEY I microwave
components or linally ignite a breakdown. To suppress these
limitations, the resonant condition can e avoided by proper
choice of geometry. Resonant conditions for a parallel plate
geamelry in pure electric fields can be casily predicted and thus
be avoided by the  right cap In ol
clecromagnetic fields, however, mulupacting is simulated by

distance. the case

racking  programis.  In the case of complicated  three
dimensional RF - components o simulation of clectron

trajectories: becomes very demanding. Furthermore the RF
design might not allow o change the geometry by the naadad
dount.

Therelore attempts are undertaken to suppress multipacting
by proper coating of critical surfaces. A material for coating is
chosen which has a secondary yield ol smaller than or at least
near by one. Dilferent coating materials e known, for
example Ti, TiN, CrOy, ele. [1]. Those materials have been
investigated by measuring  the secondary vyield in DC
experiments on sample surfaces. RF components might have

/L0

¢

Fachhochschule Ostfriesland, Emden, Germany

complicated geometry o be couted. The mprovement also

depends on couting conditions of large technical surlaces.
Therefore o test resonator was developed o measure the RE
multipacting current directly under various coating conditions.
For Tust turmn wound this should allow g
exchange of the multipacting clectrodes and should operale sl

fow power. In this paper the design of such a test
| g

resonator fast

esenator s

aiven nd st omeasurements on o dilterent contimgs e
presented.
[ DESIGN OF THE TEST RESONATOR
The resonant condition for (wo  side multipacting in

clectric field is given by:

. dmmo £ _
L'm TS (h
e (2n-=1
n: order of multipacting (n:1,2,3,...)
[ [Hz]: frequency
Fm]: gap distance

m [kg]: mass of electron
e [C]: charge of clectron
Emy [V/im]: resonant clectric field gradient

The magnetic RF Tield in the center Lap ol reentrant
resonator 1s small as compared 1o the electric RF field
Therelore two side multipacting according (o equation (1) is
expected i such aresonator, The experiment prooved that
multipacting actually occures at the predicted lield levels. This

Out

e
— T

\
A

clectrod

£




A.Brinkmann 09.11.99

Alu-sample #14, Ti coating test No. 23, Date of coating 04.11.99
Heating current 17 A, deposition time 48 s, Chamber heating off

Multipactingstrom-Verlauf
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Test results from DESY coaxial resonator

Sample| Substrat Deposition Layer Further Layer resistivity
temperature rate thickness | processing |[at 3000 K| at 70 K Multipactoring time
(atmosphere) (Mohm/sq.)

1. Al before processing

2. Cu before processing

3. Cu 25°C 20 nm/min | ca. 40 nm no

{res. gas)
4. Cu 25°C 20 nm/min  [ca. 40 hm no
{NH,)
5 Cu 180°C 9 nm/min 150 mbar NH, 960 14600
. (10 mbarNHs) 13 nm 3 days

150° G

2 nmymin.
{10 mbar NH,

ca. 7 nm

250 mbar NH3
3 days

2800

195000 -

11 Al

12. Al

150°C

150°C

9 nmymin.
10°° mbar NH,

g nm/nim.
10™ mbar NH,

7 nm

7-8nm

750 mbar NH,
21 hours

400 mbar NH;
1 week

45

0.6

0 2000 4000 6000

multipactoring time (s)

[ee]
(@)
~

LORK @MHF30BPC1, JAN12/13:09
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W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998



AT

AN NE

Pty

i ‘ : T )
///_‘/////////X\/J////ﬁl’"//////Zﬁ’r/////\ T

" \ IS
= ;\\ il \\Q I
NN
| e | \\ [
S S TRENN T -
NN
2 CF16 N .
Flagg?hs k} : H % o N
on bo Rt e i ANl L
1§ides = % H \\§ [! i L -]
ore- - SS : NG i
and fight \ Q\\ | .
detection H \\\ f; s—\\\—d

e N | .~==‘-“—=—1

....__}..;}..;. H % H ,..€{:,_..4_

b soe goe et ) , N .—.-.::1 ‘
connection ﬂ!rzcggr I \ ‘l conriection
for eith : i for either
or elther ceramic ¥ \ ! vacUm ant
vacuum tight disk of I N 1 vactm tgr
?écst?nngdu%? ' 5-18 m I \\\ i[ reétécngduiar
RIS pmpdameer | L NN L Lo e
waveguide it ' , i__.J waveguidz

82.55 wice I

Gsbiss

'1"65.1 high 1
 DESY

High
Pogwer

Tv

b |

,-|r

1

1
4
R
h.h

/.

ENE
TR NNy WG
N % ¥ Y Window
stainless | ls\ I‘ N N
. steel T N, | O\ % circuiar
. :[ % | \\\ lpnii!box
1{ %\ 5' &\ rcctanggéar
: 4P r\“\ l waveguide
F /1 !\ Ii AN \ : k
. T A N }: \ § N i
Y l » 1 l[ — | ‘\ I k\‘ ~
% ' NN ; N \ £
! ' N
M rprrrsssiirierrssriis N A
v !
W.D. Molier, TTF coupler meeting, Saclay, October 19-20, 1998 ! ‘s g



~_ Ti-layer thickness distribution on the ce -amic disc
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"G"-series waveguide windows coating - processing parameters

Maximum

! ot WG Ammonia Estimated Postprocessing Layer resistance Colour
; window deposition pressure layer NH, pressure, after coating
. coated rate during thickness duration time after the disc surface
i on the disc coating postprocessing
G-16 metallic grey, -
iy pale inthe centre
G-17 112 amir 970 mba 33Kohmfsg, | metallic gray,
' Lo {11 hours 7.3Kohm/sa. 1 paleinthe centre
G-18 2E-3 mbar 860 mbar 90 Kohmysq. metallic grey,
(40 hours}) 181 Kohmvsg. grey-yeltowish, pale
G-20 2E-3 mbar 850 mbar 16 Kohnvsq, metallic grey,
{18 hours) 54 Kohmvsq. grey-yellowish, pale
G-21 2E-3 mbar 700 mbar 6.7 Kohmisq. metallic grey,
{17 hours) 28 Kohmy/sg, grey-yellowish, pale
G-22 2E-83 mbar 650 mbar 12 Kohnvsa. metallic grey,
{38 houts) 223 Kohnvsq. grey-yellowish, pale
G-23 2E-3 mbar ©2.900 mbar 25 Kohmysq. metallic grey,
(60 hours) 948 Kohnsg, grey-yellowish, pale
G-24 [ Snmymin | 2E-3mbar 780 mbar 32 Kohnvsa.
B s el .. {88 hours} | 1277 Kohnvsq. grey-yellowish, pale
G-25 ;--:-5‘25-3'mba;-. a2 b 18 Kohm/sq. |
e P e 330 Kohmvsg. grey-yellowish, pale
G26 [ Snmimin | 2E-3mbar _ ca.620 mbar 12 Kohnvsa.
RS T (2 weeks) 1560 Kohmsaq. grey-yeltowish, pale
| RF window G-17, Ti-layer resistance/sq vs : G-23 window coating, Ti-layer resitance/sq vs
! time : time
% 1000 i
i LTl S—— - S
l coating: 90s, 12 nm/min ] [‘303“”9 60s. 12 nm/s l exposition to
| 100 the air - 77 :
| ] O e v
| g postprocessing in / :
} g i i E ammonia: /
5 E postprocessing in . i i b1 :Zgoh:j:r' T h 3
g ammonia; exposition to the ; 8 i
CZ LU L ozombarne, - i [S—senent] S
é - 11 hours 12 hours § 1 — — -E i
® 2 o :
i = 01 4§ — ;
time
0.001
tima i

e



Impact of TiN coating on waveguide windows
RI performance

- number of TiN-coated waveguide windows - 21
- number of RF-tested waveguide windows - 3
- TiN layer thickness - 3 - 15 nm (inhomogeneous)
- RF performance - much 1mproved (¥)

processing time reduced to 1 day,
* proper power transmission,

B

no light or electron emission,

RF performance insensitive to a previous [-day
cxposition to the air.
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TiN coating of cylindrical windows
for DESY-TTF-III coupler

70 K windows - 20 pcs

“warm’ windows - 20 pcs
Step 2 - coating of
" o cylindrical surfaces
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Time schedule of cylindrical coupler
windows TiN coating

Total pressure vs time

1000 * *> * ————e

s 10 - e —
£ |
o 0.1 - ——,
3 |
a |
©  0.001
Q

0.00001

time

B R

Ti wire heating current vs time |

> l‘-‘ coating for 70 s., dep. rate 9 nm/min

i
i
]

‘o L‘fMH—-«  ood -

‘_1— postprocessing for ca. 20 hours

16 [substrate preheating

current (A)
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time

Substrate temperature vs time
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