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Baking —> O Diffusion
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@2 Baking = Recipe for high gradients
eSS

| in-situ(UHV) T=110-120°C  t=1-2days

saclay
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1E+11 | i i i i i — e Baseline T=2K
%@% @ || T ocrs | | mAfter 120C,24hbake |
Qo - GuER[9 gapg | BCP Chemistry
-Wih.. ?“ o I..E-
Dﬁnu = 1E+11 1 2 H
- ] r S + ,Aﬂh
1E+10 ”:‘ C1-03 (EP cawty)! '_'1‘3 i A Rl | -\ O 1E+10 w
= 1E+10 || B 11 - before baking |
o power —— e | m 12- after baking @ 110°C/ 60h F \
RF power ‘Q“?“C‘h
1E+09 : : 1E409 |i1mit‘atio‘n ‘ ‘ ‘ 1E+09 e
0 10 20 30 40 0 10 20 30 40 0 5 10 15 20 25 30 35 40 45 50
Eacc (MVIM) Bace ((MV/m) Eace [MV/M]
TTF 1.3 6Hz - Saclay / KEK TTF 1.3 6Hz - Saclay LL 2.2 GHz - JLab
Polycrystalline POIYC'”ZSTC‘”'W Single crystal
No Thermal Treatment 1300°C / Ti 800°C - 1250°C / Ti
Electropolishing Chemical Etching 1:1:2 Chemical Etching 1:1:1

Whatever the niobium structure... ( Single or Poly-crystal,)
Whatever the fabrication method...( EB Welding or Hydroforming, bulk Nb or clad Nb/Cu)
Whatever the thermal treatment... (nothing, 800°c, 1300°¢/Ti)

Whatever the chemical treatment... (Electropolishing or B CP)
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dapnia Baking => O Diffusion

=0 Nb superconductivity is modified
saclay surface resistance R; is ’rrzough Recs(f) & R,

RS = Rres + A(ﬂ“L ! §F ! f)%e_A/kT

High Field Q-slope improvement : O diffusion is it involved too ?

soo E 1E+iL C1-05 ( BCP cavity )=
S T
(nQ) 2 C1-05 ( BCP cavity )| Q RS
-+ B, - (] 7]
100 "1;1:‘3 - 1E+10 D%!
L E 110 OC [ @no baking LE
& | ®m110°C-48h %7
10 ® no baking OF L B m 60 hOUf‘S 1 :j:iiinﬁs:;ng) “I
. . 1E+09 +—
B 110°C - 48h In-situ g‘; quench —
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Tk Eace (MV/m)
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Argonne - SRF Limits Workshop ' 2004

dapnia Baking Parameters (T ,t )
eSd with Unchanged Oxygen Penetration

saclay oC o2C
2r Fick's law | == =D, e/ ——"| - analytic solutions
ot OX
6,E+05 1,0
ele; iffusion | ClCs iffusion
5,E+05 (Thir?CE))xfifde Layer) 110 OC / 60 hour‘s o2 (Sem(i)llif];fnite Solid )
\ clQ=exp(...) 08 | CICs = erfe ( ...)
4,E+05 . 0.7
\ — equivalence os [\
3,E+05 —145°C/3h 05 110°C/60h
\ 145°C / 3 hours
2,E+05 - 0,3 |
1,E+05 -
0.1
om0 S High Field Q-Slope ? |00 ‘
0 10 20 30 40 50 60 - ) 0 10 20 30 40 50 60
X (nm) X (nm)
thin oxide layer : C(x,0) = Q 3(x) semi infinite solid : €(0,1) = C,
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This Workshop - Poster TuP05

dapnia -
« Fast » Baking (UHV )
+ Infra-Red emitters (short T rise time)

sacla : :

Y * Cavity pumped out ( Ultra High Vacuum )
1E-06 —~ il i
Rs (=) 1E+12 | |
(Q) C1- 09 (BCP) C1-09 ( BCP cavity )

:: fast UHV baking Qo fast UHV baking
|t L LLE T

ug
-“ -. ..~
-.. 1E+10 = m V2 :baking 145 °C /3 hours 2
‘ E @ V1 :no baking
1E-08 .: ] quench
':‘ 1E+09 |
: @ without Baking H 0 10 EaCC(M\/Z/Om) 30

B Baking (145°C/ 3 hours )

1E_090,20 0,30 0,40 0,50 0,60 0,70 145 OC - 3 hour's
UT (KY) Similarities with Standard Baking

O diffusion —» HF Q-slope improvement
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Travemiinde - SRF Workshop ' 2003 - MoP 19

« UHV » — « Alr - Baking »
= Atmosphere - Nb Surface Interaction

Cavity open-ended in Stove
( room atmosphere - atmospheric pressure )

(?0 QO
mo.lo o:::=:: o o
L ™Y a. ‘.
Q9®
110 °C ie+10 || Don "in-situ™ baking | l .°..
60 hours .'L

| ©C1-10 O1(BCP)

* HPR ||| ®c1-10 s1(BCP + baking @ Am. Press. @ Quench 7

|
loe®

1E+09

0 10 0 30

2
E.cc (MV/m)

nho significant modification due to the atmosphere, but...
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Fast Air-Baking

145°C / 3 hours + HPR

1E+12 ] ] 1E+12 +

C1-16 ( BCP cavity)
QO Wet Conditions

Qo C1-09 ( BCP cavity)
fast Air-Baking

1E+11 ‘ ‘ . I = 1E+11 %
Q
] — h.
E: "2 o @ Seag,
5 , .":\

1E+10 1E+10 ~

@ AC1 — @ Y1 :no baking

B AF1 Baking 135°C/3h (air) || ®Y2:baking 145 °C /3 hours quench

‘ quench — | ‘ ‘
1E+09 | 1E+09
0 10 20 30
20 30
Eacc ( MV/m ) Eacc ( MX/m )

MR heater
Dry Cavity

Oven
Wet Cavity
from HPR

Bad Results after baking (Rs, quench)
Active interaction between atmosphere
and Nb surface ( # Fast UHV-Baking )
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Similarities with
standard in-situ baking (UHV)
150 °C / 60h

1 1E+11
dapnia C1-18 (BCP)
0 00 (B Om hm UHYV baking
0 f Dy
B EEE g ET EDED
P g g i:[%[%
HP!]DD
1E+10 + . DD%
B
SaCIay mG1- BCP B|1Q
0 G2 - Baking 100°C / 60h Quench 8
B G4 - Baking 150°C / 60h 7 1
power
1E+09 1
0 10 20 30
E.cc (MV/m)
8,E+05 1,0
"¢Q O Diffusion 'S O Diffusi
7.E+05 | ) . 0,9 usion
+ % (Thin Oxide Layer) \(Semi Infinite Solid )
6,E+05 ClQ=exp(...) 08 C/Cs=erfc (...)
‘ > \
5,E+05 !
' - - - -100°C/60h 0.6 N
4,E+05 150°C/60h 1 0,5 - == -100°C/60h\
2505 | 04 150°C/60h——
03 .

2,E+05 |
02 :

\ \
1,E+05 . 01
0,E+00 : — : : 0.0 ‘ S ‘ ‘
0 10 20 30 40 50 60 © 10 20 30 40 5 60
X (nm) X(nm)

Fast Air-Baking @ 145°C / 3h
O concentration in excess

going from surface
due to wet atmosphere H,O

3 hours is 1oo long

XPS analysis on Nb Samples :
- to confirm this hypothesis

 to fix the right fime
for fast air-baking @145°C

Bernard Visentin

SRF Workshop — Ithaca / 13t July 2005 9



dapnia O % from NbO,, NbO,

»
S
saclay 110 °C 110 °C 145 °C 145 °C
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dapnia
optimum value for O concentration
&) is needed in the Nb RF layer to suppress the HF Q-Slope...

saclay

High Field
Q-slope

Nb doping
X by O

Baking ——> O Diffusion

A key to understand the High Field Q-slope Origin ...
But not only ...
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dapnia

e

Practical Consequence :

Fast Baking well adapted to

saclay : :
Cavity Mass Production
e time:
High Pressure Rinse - 85 bars (FE) SleliS iyt
decrease Baking Duration
(CéTgsn SRl%oom) < Air-Drying : RT - 3 hours J
Assembly + Helium Test risk of helium leaks (oc T)
- for final RF test:
( r(RFTeST) Baking before Assembly
Test Stand in-sit Baki 110 °C -
(Vervial rymstary | |« st Beking : 110 °C Zags | sove step
RF Test Drying with Baking
N
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dapnia

e

Combination of
Air-Drying and Baking

saclay
p
High Pressure Rinse - 85 bars (FE)
(Céelgsns%%oom) < Hot Air-Drying : 145°C, t < 3 hours
Assembly + Helium Test
"
RF Test (T 06704/2005
4 N

Fast Aigking on Wet cavity under Laminar Flow (FE)
OK turbulences
N /
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