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Current cavity production

e Eddy-current scanned niobium sheets
(RRR=300) to avoid tantalum and other
INCluSIONS  (Singer TUA0O7)

e Electron-beam welding

e 1400 °C heat treatment with titanisation to
increase thermal conductivity

e Chemical etching with BCP 1:1:2

Lutz Lilje DESY -FDET- L D — 30.10.99



Benefit of heat-treatment on cavity C21

10”:”;._1.11,,,.
I X-ray starts
r’-u-omag Do oo W, . _/

o ' % " .
]
QO 1010 - quench quench 'x E
: no quench :
limited by amplifier ]
e no HT, RRR 400
HT 800 C, RRR 400
HT 1400 C, RRR 770
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Vertical test results of 9-cells

4
[ | 2
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s Vi
*
*
& First production
B Second production
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Eacc [MV/m]
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Number of cavities

| without defécts: 23,9 »~~~-~~25’0

CW test results for 9-cell cavities

W First production B Second production

Average: 20,1 24,6

L o e e e RN B S S R B R
1 3 5 7 9 21 23 25 27 29 31 33 35 37 39
E... (W.-D_ Méller TUPO17)

Lutz Lilie DESY -FDET- —ef$$$00000— —— 30.10.99



Number of cells

Mode analysis - Identified defects

40

35 |——

1_,m e e e e e e

| Without identified defect
30 |- | W Material defects

B Weld defects

25 -

20

15 -

10 -
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Eacc [MV/m]

Limitation: Field Emission

30
25
20 /.//.\\//
15 .\./ //
. \//

> —&— Average FE onset

—- Average maximum field
O I I I T
1995 1996 1997 1998 1999

Year (D. Reschke TUP007)
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Comparison of field emission onset (1. power rise)
of "normal” and irregular preparations

(only vertical tests of 9-cell cavities in 7% )
10
"normal” preparation: aveg. <18,2 MV/m>
no. 81| Hirregular preparation: aveg. <10,6 MV/m> R
of
tests
6 . _ I
4 : - - _ ——
2 U - U R U U _
; . 1k

3 6 9 12 15 18 21 24 27 30
Onset of field emission [MV/m]

DiaUnregel1.power



TTF 9-cell cavity showing Q degradation above 25 MV/m
without any evidence of field emission

11
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Alternative surface
treatment

Impossible to test all possible surface treatments
B Surface studies on samples : what criteria ?

Large scale roughness (influence on magnetic field ?)

Small scale roughness (influence on superconducting
properties ?)

Surface chemical composition (role of impurities ?)
Role of the oxide layer (stress induced on the Nb lattice ?)

Textbook surfaces

vacuum

e Nb,Os

Nb+O+
impurities

Nb
: g

———— |

Pioras

Real surfaces ?




Niobium surface studies

monocrystal

FNS lmm FNS 500pm B Roughness
X n A . A
S 730 pm - A d—4-15 pm 1 depends from the
N ; AVemmswas observing scale...
47 X N |
FNP1mm FNP500um -
] ) S A | &
h'\ ! i I__ £ s > “'—! l‘;
! 15 pm_| A7k 4 ] I
n/’/ \, B, fL/Ké J&{Z ‘L IV cavmmm II f
n/ N 8 ‘ \’ t+ ST A A
- \a H’rnl Ly “ _ 3 him ¥ _J
EP1mm EP500um < 1 >
3 mm
g * 4 Polycrystal, Polycrystal
“ 7 e post purified
+-0.6 pm-J L
: 0.15 pm 3 I ...and the
< S < > crystallographic state.
i SO0




Niobium surface studies

B MICrosCopyY L o i ey

The morphology
of the Nb
surface is
strongly
affected par
the purity &
the crystallo-
graphic state




Ratio IS/IND

160

140 -

Niobium surface studies

Anion insertion in the oxide layer

I TOF-SIMS

700 |
Sulphur POx —FNP
- | 600 - o EP 1h!
——FNS '
500 4
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£ o0
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3 300
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Niobium surface studies

I TOF-SIMS

Effect of HPR
B ESCA
sooot N NS .
Sasely <« > 7

CPS

I FNP without HPR \ 7
\
- FNP+HPR+1h .

215 2410 205 200
Bindina Eneray (@V)




CPS

Niobium surface studies

B Effect of
baking
(ESCA) :
osor Hydr10xide TO -Nb
= 0O-H )‘\i |
Z ¥ HK

Binding Energy @Vv)

Binding Energy (@V)

ssoof ' ‘ —— FNP + HPR + 4h in air
ook «—> same sample : 48h,
110°C, 10 Bar
>0 Nb,Og -—
L 0o B
o | f\ | Nb Deconvolution
28001+ J I. “I % -
| [ [
= P 1 e £ 7
veoor / Y A 10 17 87 ;
.‘ \ l’ l n o]
10001 hm/ \ (f i \ f :‘ a
mof U A /
Niobium | l e B 5,
o s 240 208 200 ™ ; '\
}
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“In-situ” Baking

In a series of measurements on single and multi-cell cavities “in-situ” baking at

145 C was applied to the cavities after a baseline test. Observations are :

 BCS Surface Resistance improved by nearly a factor of 2

* The improvement remains after exposure to air or HPR

« The thickness of the improved niobium layer is 3000 - 4000 A

* After removal of this layer the initial the BCS resistance comes back
* The process can be repeated and the same performance is achieved
* Sometimes also the high field behaviour of the cavity improves

* The effect seems to saturate after = 40 hrs

e The effect cannot be explained by a mean free path effect alone

* Several material parameters of the Nb seem to change

j on Chab —= - - —
2y
V v v v PK, SNS Review, Argonne Aug. 9-12,'99
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Reduction in Rbcs at 4.3K
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Q versus T before and after UHV bakeout on an electropolished
cavity at 120 °C for 48 hours
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legradation at High Gradient —

¢ “High Electric and Magnetic RF Fields in Bulk Superconducting Nb
Cavities”

J. Halbritter+, P. Kneisel*+, V. Palmieri* and M. Pekeler"

+ IMF Kernforschungszentrum Karlsruhe ** Jlab " INFN =~ DESY/Acce

® With improved quality of sc surfaces limitations are no longer caused by gross
defects (welds, nc inclusions, dust..), but by interfaces Nb/Nb2Os ,/adsorbates
and Kapitza resistance

&

The electrric field (Eperp) surface impedance becomes important becauseof

l Interface Tunnel Exchange (It ) between metal and localized states in the
oxides, similar to enhanced FE

- O N IRR \
AZ§ ~ a GXL A ./!;5,.:,53;.{)/

.

<
C 3/{@/&\'
&
V}W? g n"&\mf"l .

.... PK SRF-Workshop Santa Fe Nov. 1 -5, 99



-Q degradation cont’d

The extend if ITE depends on the “thickness” of the barrier ( E-field and

enhancement by geometry

electric surface impedance decreases if less surface states are available
Material removal smoothens the surface ( cracks ) , less surface fields

Baking might reduce the density of localized states because of oxygen diffusion

Ny e ]
\_— , 7(’/y1""7.\‘(1/'/ k».l/(((/'/
¢ 4 <

PK SRF-Workshop Santa Fe Nov. 1 -5, ‘99



J. Knobloch, Cornell University
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J: Knoblech; Comell University .
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SURFACE TPREPARATIow

'ELECTRO POLISH w6
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Niobium surface studies

Nb,O. is thinner in EP samples, but

E ESCA reaches ~ 6nm within a week B TOF-SIMS
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® Toshiba 3-cell
m MHI 3-cell
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Electropolished cavities without UHV bakeout

& EP hc (CERN-style) + 50 um BCP +120 um EP (KEK-style) *

® EP hc (CERN-style) + 100 um EP (KEK-style)

a EP hc (CERN-style) + 25 um BCP + 100 um EP (KEK-style)

| { I l I
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EP + UHV Bakeout at 120 °C for 48 hours

| @100 um EP hc + 100 um EP + bake

“8.5.;;.% ® o o ® o
PrRR X R I 3 ® Qe °¢0¢e.. ® o ,
® ®
A I *:.o
" ‘-

® 100 um EP hc + 32 um BCP+100um EP+ bake

¢ 100 um EP hc + 50 um BCP +220 um EP (KEK) + bake
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Alternative surface
treatment

# FNS..

I hydroFluoric

1 Nitric
I Sulfuric
acids

g

1E+12 -

§Chemistry Comparison Nb Cavity

Heat treated Single-Cells
F=13GHz, T=1.7K R e — L

0 5 10 15 20 25 30

Eacc (MV/m)

|CEA Saclav. SEA / GECS. March 1999



Alternative surface
treatment

IR

FNS : a complete chemical study

10402 g o oo e s -

1,0E+01

1,0E+00

T FNS 1.5-1-1:

4\ 18.7 pm/min

[ « V(Nb)=f([H2804])
- V(Nb)=f([HF]) ‘

1
1

1,0E-01

Nb Dissolution Rste V,, (um.mn” )

ENS 1-1-1 -
12 pm/min .

1 2 3 4 5 6 7T & % 10 11 12 13 14 18 18 17
Mineral Acid Concentration (molL™)

FNS 1-0.3-1 : ENS 1-2-10 :
6.5 pm/min 0.18 pm/min
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High-Q, High Gradient Niobium-Coated Cavities at CERN

High gradient cavities
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