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- Basics for SRF Technology -

K.Saito, KEK

10. Cavity Fabrication
11. Performance Limitations and Cures
12. Surface Preparation
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10. Niobium Cavity Fabrication

10.1 Deep Drawing

10.2 Trimming of half cell
10.3 END group fabrication
10.4 Final EBW assembly
10.5 NDb film coated cavity
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Overview on cavity fabrication

End group 1

Cavity
(9 cell TESLA /TTF design)

A

End group 2

Nb-Blech Nb-Blech
Normalhalelle Normalhalbzelle

Cavity fabrication and preparation sequences
for the TESLA / TTF cavities at DESY

Dumbbell

1st ILC workshop at KEK Tsukuba Japan
A.Matheisen
for DESY and the TESLA Collaboration




10.1 Deep Drawing

Kikuchi Workshop 80t press for 2.8t Nb half cell (1300MHz)
. N ws

~ Fixing Ring

4 b+ Female Die,
4471 Aluminum alloy
AN

43




Local Elongation
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10.2 Trimming

Ishizuka Workshop

Equator Trimming

.l B5




__Trimming Configuration at Equator section

So far, KEK has used CBP 100-200um to make smooth the equator EBW seam.
The left trimming shape needs CBP 10 times, and the right trimming configuration
needs only CBP twice.

KEK old type beam heam Cornell type

Needed CBP ~10 times CBP only twice!

Cornell trimming configuration is very useful to smooth the EBW seam
by less CBP.




Fabrication Error on half-cell cup

Count

Count

Regular cup

height Machining error: 50um
“linesol T 1mm ¢ Half cell spring back:90pum
Requiaror-ss [ CPINOOTH DI ] EBW shrinkage
an ‘average‘ | ] (old trimming configuration)
g L > 895+0951:m'f] —r——ideisigin \ialile;SB.OéZ . ' 0.42 %= 0.13mm @ equator
’ s (neluded BB sriirkage : 0.15 % 0.04mm @ iris

|r]s:0.15, eqator:0.

. ! : Dumbbell fabrication error
; ~80um after tuning
: ' 9-cell length error:0.7~0.1mm

0
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[ i(included EBW shrinkage ! |
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EBW of Dumbbell with stiffener

Electron Beam Welding ( )
In KUROKI corporation

e

s, &=

- = _S?iffener
j:!} Jig I#Fr l » NN
- s i o ?1-’
. Jig L} :lf . ap :

N

1688 ril 2005 =
Insert
Dumbbell with Pull and extend into the iris part of
stiffener-ring to insert

after EBW. =>




EBW Conditions at KEK

KEK Data
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Dumbbells and END Cups

Note
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10.3 END Grope fabrication
-Beam Pipe fabrication (thicker Nb tube case)-

" Ronding ends

Thickness: 4t ~ 6t

Circular tube
Drawing

Oil pump
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HOM Coupler Parts
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END base plate for Helium Vessel

EBW — 7 %_L
78

¢ 200

K.Saito
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Nb/SUS bonding by HIP

Work
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Care for the thermal stress at the base plate

By H.Yamaoka High Mn steel
x

Ti
SUS316L

S = ;E\ﬂ =0
Cu N /A ™ Nb
Nb/Cu/SUS316L Nb/Ti+SUS316L Nb/Ti+High Mn steel
Thermal expansion coefficient
Stress concentration Y I:EZ;’_‘I)” [E-6/K]
A B C D SUS316L 16.0
[MPa] | [MPa] | [MPa] | [MPa] cu 170
Nb/Cu/SUS316L 250 | 500 | 500
High Mn steel 0.8
Nb/Ti/SUS316L 100 | 100 | 200 | 470 - 2
| .
. . g
INb/Ti/High Mn Steel | 100 | 100 | 200 80 | [ Tno 50




EBW of END Group

SFC




10.4 Final EBW Assembly

By A. Matheisen

EBW Assembly

1 pieces

END group-2 Dumbbell

8 pieces piece
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EBW Assembly of Cavity

EBW of EBW of with

Four 9-cell ICHIRO high-gradient

LL Cavities were successfully
delivered to KEK ! (4 July 2005)

EBW of
and




Completed Ichiro 9-cell Cavity
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Kuroki Welding Company
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10.5 NDb film coated cavity

LEP-11 352MHz Copper half cell before Nb coating

niobium bulk cavity (electropolished)
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Nb Coating Method at CERN
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Q-slope in Nb coated cavities

Saclay 1500MHz

11
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- 1 Figure 4: Cross sectional FIB images of miobium films on
! 4 oxidised (left) and oxide-free (right) copper substrates
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Problem: Q-slope

It is no problem at low gradient 5-10MV/m. It brings a serious Q dropping
at high gradient. Many studies are under way but so far application of this
technology has no hope for ILC.




11. Performance Limitations and Cure

11.1 Field Emission

11.2 Multipacting

11.3 Thermal Instability

11.4 Hydrogen Q-Disease

11.5 Q-Slope

11.6 Magnetic Field Enhancement

K.Saito ILC 2nd Summer Sclivur Lecuure :
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Various Performance Limitations in SRF Cavity

Ideal performance

Y.

" oy

'\ : Quench
‘. : \4 At
Hydrogen Q-disease Critical magnetic field
\ >
'~
‘-~
\ ']
>
Eacc
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History of the Understanding of limitations

1965~1975

Multipacting
T-map
Trajectory

Stanford University

IHEP

v

1975~1980

\>

High current 2000~
KEKB
CESER

Field emission
Trajectory

Hydrogen
disease

Thermal instability
Simulation

Ganany Karlsruhe (KFK)
USA Argonne National labs (ANL)

l Solved the vibration issue

Storage Ring “90~2000 ~
TRISTAN(KEK)
1980~1985 HERA(DESY)
. LEP-11(CERN)
Cornell Uni >
1995~
< JAERI FEL
Recircular machine Q-Slope
CEBAF(Jlab) -
Jlab-FEL High gradient LINACs 1995~
DALINAC(Darmatadt) TTF (DESY)
\ .
Magnetic
field
enhancement

2004~
ILC

California Insﬁﬂjte of Technology (CLTEC),

State University of New York

Heavy ion
1978~
ATLAS(ANAL)

K.Saito
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11.1 Field Emission

Non-resonant electron loading due to field emitted electrons by tunneling effect
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T-mapping System

19 sensors at every 10 degree.
Total 648 sensors on outer cavity surface (360x19=684)
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T-mapping KEK
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T T o T T

KEK 1300MHZ
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Carbon is a semiconductor.
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Field Emission Mechanism

E
£l

Metal Vacuum Metal Vacuum
x=0
-
Wi Wilhowt & Work
F tlllj:lirltll:n | I "'“131":"'

Surface barrier potential

W fumetioe of alae tron

\V

£ (\ /\ / /\: &rmi
Iy anergy
(I, lj

UNT VTR

A potential: -eEx is added to the surface barrier potential by applying E-field.
The surface barrier becomes thinner with the added potential.

The number of tunneling electrons is increased exponentially with the
thinner barrier potential and lot of electrons are emitted from the surface.




Field Emission Analysis

l“'l'l_.............11.1--|--|-1rl -
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. . :re
Indium sealing : reassebled in the class 10 cavity assembly area ]
* : reassembled in the class 100 cleanroom area -
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Qo | | snvhuy SYeya ; : ; ; ; i 1/Qo + ; reassembled fromt of the air conditioner ]
¥ 5 X / *
2 { €y, % - |
" l K Y
4 ™ b
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FE-loading . '\‘ ] ** 1
¢ ¢ reference 1
: reassembled in the class 10 cavity assembly area
v : reassembled in the class 100 cleanroom area
@ : reassembled in the vacunm evacuation arca
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A =S-Ep” -exp(—7—=") =S-Ep[MV/ m]™™ -exp(- )
Qo B-Ep B-Ep[MV /m]
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Field Enhancement Factor

Field enhancement factor B: 50 ~1000 Why field enchantment is so large?
Projection model :
. . . B~0, 06,
* Tip-on-tip model 1s (£
one explanation
E \w / ‘ ‘ ‘ ‘ * Smooth particles don’t Caniy sutice
‘ S T — emit. T —
c
E / \
p-E
_E
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Particle Contamination produces field emission

DC Field emission study

in Cornell
BEFORE
Intentionally
put particle 50 MV,
225 um gap

50.0 =

: Fe on Carbon

K.Saito

CORNELL Particle is a seed of field emission.

/ Star burst
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K.Saito
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Foreign Elements

F SEM Image l
B Of Crater Nothing with EDX

Auger Image
of Iron

But - With Auger Ana!vsis _
Almost all craters show forelgn material

m 1
- > ~
. Ae s

Auger Images
of Craters

e

Foreign material is another seed of the filed emission.




DC Field Emission Study in Geneva Uni. and
Wuppertal Uni.

4

high voltage |;

mass SPE“CermEtE'!' for
residual gas analyss

L
T
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;
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= 1 v A N Qun
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un:ur:e holder sample _.l—: 1

‘-_-ESI ] transpart rail oy
L LT
e'-}.h\ & 1 1y - -
LL ™~ cathode ‘ T R
| ] i - gate vaive
— | ]

manipulator

non-annealdy ¥~ Mevement and tilt

2

1 cm“sample

Emission Current
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Wuppertal Result

No Heating Heating Heating Heating
Heating 800°C, 30 min 1000°C, 30 min 1200°C, 30 min  1400°C, 30 min

40 MV/m

60 MV/m

80 MV/m

90 MV/m | A % =

o =

s —

= ==——— = —
% _— —_—

High Temp. Annealing evaporates or diffuses FE emitters. 17




Difference between DC and RF

200 um

Starburst in a 1.5GHz Nb cavity Starburst on a DC cathode (Nb)

Emitter sites are observed on grain boundary in RF case,
that suggests magnetic field enhancement there:
the enhanced Joule heating promotes evaporating gas and results in star burst.

CORNELL




Cornell Model for FE

A 'Concluding Picture
Field Emission -= Voltage ->
-> Breakdown Emitter Processing

o

| awy Pressure fas

Ligminang |eside Caviiles GurreEnl
(FEtabillly

= i
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Ly
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Cures against Field Emission

1) Make dust free clean surface
 Use ultra-pure water in the rising process
» High Pressure water Rinsing to remove

particle contamination on the SRF surface

» Use clean-room in the cavity assembly

2) Make smooth surface
e Electropolishing

3) Cavity design
 Lower Ep/Eacc
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11.2 Multipacting

Multipacting Resonant electron loadi ng due to secondary electrons
( synchronized electron motion with RF) Seriously Limited by 1PM or 2PM
One point multipacting &%
« /nz1 nz2 nz3 \
T T T T T R _\k§'ﬂ§
— 20+ /
2% ]
g ;- I.O"' 1 cmOOI /
o -
osF p 1 point MP
zo I 1st Order ond Order
a 8 7T 6 5 4 3
= 8 ) | | | I 1 I | | ﬂ
1
£ [ - -
5 11 1 h
0.5 1.0 .5 2.0 25 30

ENERGY GRADIENT (MeV/m)

AN AN

Characteristic: Q-drop at some discrete field levels, X-ray at the levels,
Diagnostics: Temperature mapping & X-ray mapping

K.Saito
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Onset Field of One-point MP

Scale law on RF frequency with the maltipacting levels

Cyclotron frequency : w = adal O

c-m
27z f(LIP —nth) = e-H(IP —nth) n=1 n=2 l"l:3
c-m
1 27-C-m n
TP —nth) = = -n.T. =—
( ) f(lP —nth) e-H(LP —nth) A
H(1P —nth nstan
( f th) _co zta b =123 [Oe/HzZ]
RE Spherical shape suppresses the one
H (1P —nth : : A
Experiment : Onset field ( nth,[Oe}) = 03 [Oe/MHZz] | point multipcting.

for [MHZ] n
Example ; —_— —

1300MHz, Hp/Eacc =43.8 [Oe/(MV/m)]

1P-1% order  Hrr(1P-1%) =0.3 x 1300 = 390 Oe
Eacc(1P-1%) = 390/43.8=8.9 MV/m )

1P-2" order  Eacc(1P-2"%) = 4.5 MV/m

K.Saito ILC 2nd Summer School Lecture
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Two-point MP

Two-point multipacting
T(2P —nth) = (2n-1) T,

Q8 [T

_ n=1 n=2 n=3
H(2P —nth) _ constant -, [OelHz] W
for 2n-1 I R S —
_ _ H(2P —nth,[Oe]) 0.6 o
Experiment :Onset field = I ——— =
f.-[MHz] 2n-1 { ——
: Rl iz .
!._ | _J._ﬁ%_\ﬂ. .lr;_
Examples ; ?. s = onn
508MHz , Hp/Eacc=40.6 [Oe/(MV/m)] — .
2P-1% order Hp(2p-1*) = 0.6 x 508 = 304.8 Oe 2sp v 102
Eacc(2P-1%) = 304.8/40.6 = 7.5 MV/m | / 7 7\ . E
ST SN |
1300MHz, Hp/Eacc=43.8 [Oe/(MV/m)] = "
2P-1%order Hp(2p-1*) = 0.6 x 1300 = 780 Oe m )
Eacc(2P-1%) = 780/43.8 = 17.8 MV/m
2P-2" order  Eacc(2P-2") = 17.8/3 = 5.9 MV/m ey
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Onset Field of Two-point MP

X-ray [arbitrary unit]

S0
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} :-r e o e e e e
1000 I caaat ]
1 :
100 £ 1
r 3
10 I Fior® x -k I 3
e e o 1300MHz =1 cavity | 3
- t I; —i ! i
; . ]
a0 E I \ *— 1300MHz B=0.45 cavity | 3
: I 3
30 E —*
E | L
20 E i 3
10 F I* . 3
Ll i ]
0 EREgespteent g I
0 0.5 | 1.5 2
Hp [Gauss] / f [MHZ]
K.Saito

Hp[Gauss] 0.6

2P —onset = ~
f[MHz] 2n-1

Multipacting keeps RF processing memory effect

up to 200K warm up.

ILC 2nd Summer School Lecture
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T-mapping of Tow-point MP

10“5 I s E S I U,
Ll — -
[ OO000000T0O O ++ drmraere |
1010 £ QR ey, - T
- - | =5 El MP— Frozen flux trapping > Warm-up T >Tc
. * . - -
10’ Disappear of the heating spots
= 3
= T-mapping at 17.5MV/m
]OH soopip b v s ws bew s s Ve ean e w4y gy
0 5 10 15 20 25 30 35 Excr (W] D0 File
Eacc [MV/m] — s he— s T
0,04
1,00E+11
Ry by 4
s T SR
1,00E+10 Equator
o = il
“ 1 dalta Tez
1.00E+0%9 = El:f]E:_T
#First test - u g‘ﬂE‘—:l_
W Second tast Iwer 2= s
M after warmup to 18 K iris \ Eo
1,00E+08 : : . : : : . , IR R EEEE RN E L L EE R R
0 5 10 15w = 30 % 40 | TRF  ha) proven s
Eaee [N¥/m]
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30

25
E
E 20
Z,
o 15
=

5
K.Saito

Processing of Two-point MP

A record Iag, not tlme |ag Processed out (21 MV/m) !

Eace=18.3 MV/m

Multipacting

st Tm T ma "

Quench !

Note

p Decreased input power
S M NN N N N NN N S S NN NN N N N N N NN N N N A .
0 15 30 45 60
Time [minute]
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Multipacting in LL shape cavity

No appeared
after RE processing

|

Multipacting Resonance in Single Cell Cavit
by Morozumi
10000 /
1000 -
3 100
O
L
1 a T L
0 10 20 30 40 50 60
Accelerating Gradient / MV/m

K.Saito
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Comparison with Experiment

Multipacting Resonance in Single Cell Cavity

10000 MP simulation in single cell
Experiment

|
1000 by T.Fu ruta\
|
EP+HPR+Bake

100 V \
10 |
0 10 20 30 40 50 60 v

More concern!

Ael-x

| Total times 69 14 (20%)




MP @ Enlarged BP simulated at SLAC

0.07 -
0.085 -
0.06
0.055 -

0.05

0.045 -

0.04

0.035 4

0.03

Multipacting @ Beam pipe

MP in end-group of ICHIRO Cavity

with enlarged beampipe (L. Ge)

Note

, e ) | —o—2eV
o Initial Positions E SR> 1 : (e - ﬂ
= Final Positions s ™ A £ MP in enlarged
— hoampipe shape g beampipe
29.3 MV/m DENCEEEE
0 ﬂr1 D.r‘I 5 ﬂ.IZ Sac SciDAC
Z axis (m) L
MP @ BP could be overcome by
EP+Degreasing+HPR.
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Multipacting in the large BP
108¢ BP, Straight

1.20

1.00 |

|_0.80 I

2 0.60

0.40
0.20

0.00

ISE#1 (D+HPR @KEK)

MP @ BP

N=2

0 5 10 15 20 25

Eacc (MV/m)

80¢ BP, Straight (New Ichiro)

120

100
— 080 |
Z

2 060

5

o)
© 040

0.20
0.00

ISE#3 (D+HPR @KEK)

Num. of MP : 4

108¢ BP, Tapered (Old Ichiro)

ISE#2 (D+HPR @KEK)
MP @ BP

1.20

N=2

— 0.80

Z
2 0.60

0.40

0.20 |

0 5 10 15 20 25 30 35 40
Eacc (MV/m)

0 5 10 15 2
Eacc (MV/m)

30 3H

40

End cell cavity with Large BP:
$108 mm diameter has multipacting at BP
for both cases: Straight and Tapered BP.

When changed to $80mm diameter BP,
No multipacting happens at BP.
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Multipacting in HOM Cylinder (Simulation)

Itipacting in Old Dampers

10

20 30 40 50 60
Accelerating Gradient / MV/m

Multipacting in New Damper
10000
1000 1Y
n
G 100 -
L
10 -
1 T T T T T
0 10 20 30 40 50 60
Accelerating Gradient / MV/m
K.Saito
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Cures against MP

1) Cavity shape ——— Spherical or Elliptical shape
(effective for one point multipacting)
2) 6<1:Cleansurface — Surface preparation
High pressure water rinsing
Degreasing
Argon gas or Helium gas discharge cleaning

:3 1 T I I I I [ I ] I I ] [ 1 1 I
= i
2 L m Wet Treatment
£ Im o © 300" C Bakeout -
3 u . . 4 Ar Discharge Cleaned
5 2= v . _
-{IT:I .
n 9w g
5 L """ ag |
p o o
o AA &
B § atth 4 A ® oo O o
& A -
Qi
W

¥ i i | ] ] ] 1L I 1

K.Sait

|
1000

1

Kinetic Energy (eV)

500
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11.3 Thermal Instability

- An Example in A TRISTAN SC Cavity -
frw 50020 0 ‘§ = A ‘r'? - ﬂv M Hz
3 N NN ¥ [\ Ve A
'.tl:.'l'|l A
4/5m| € G30wa i = B ol
T - : ‘
3/5m | 50343 "
L el
\éup ]
S02.95 MHz xl0}
2/57 Eop 33-2P0 5 -
f/\r{n;/ !
500.98 Mz ,
46.9/P0 Mg
1/5% iEuu
'o io 70 303

Eop YMV/m)




Surface Defect of the guench location

R=5bn
EBW @ Equator
y R18 R17 R16 RIS
b st
=35 mm >
Equator 4R=10a
EBWseam. [ 4AR=35n
R19 \ R21
4 +
AR=150n st grinding
area
" R31

Picture of the defect area

K.Saito

T-mapping on the defect

ILC 2nd Summer School Lecture
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Mechanism of Thermal Instability

Temperature

S T Tc

Defect

Defect

L)

T A

Temperature

Thermal conductivity of the niobium material is concerned
In order to suppress the thermal instability.

Thermal conductivity has linear relationship with RRR.
RRR is used instead of the thermal conductivity.




RRR Dependence of Quench Field

o [4x(Tc-Th) y (Tc- Th)
Quench Field : Hq:v -R.(Tb) RRR# - b - Rs(300K )

3]1]..... T T T T T
Ha ST Wuppertal
. RRR
1oeor | 2 -
B I 5 -
) ! i
. i
| .
I o L0
Hg~15000%e, . Sal -
Eacc,max ~34MV/m @ @1 I s |
RRR=135, ry=3um : roM2 N
| haN
I "H.H 7
| e
|
|
2l i bW s s s sl M i a saal
1 10 100

M IHITII

Defect radius

Need to remove 1um size defects. Use high purity niobium with RRR>200.




Field Improvement by High RRR Material

Saclay

1E+12 —pr— —
- — = = JHQuench Field and niobium RRR | ==
- - - - F=13GHz, T=1.TK -
- T m RRR 150
(aqpee & @ T & & ] 1 RRR 250
P . . e *
1E+11 ::::::::::::::::::::::.:E.E s RRR > 500
;‘_'___:::::I::::::::::__
o f.___f?f_g;‘;;t:Itfii;_:::::%': —____
c Lauhp: Rhalle T —ttepe--
I R R I TR P e S A
1 * L8
e
1E+1u e o o —— i ——— :::::i:: e e —
5555?&15555555551555555355 S
__________ I R e . RF limit
——————————————— L — i — JI{No Quench)
————————— 1 QUENCHES rt—17--——-
1E+ng "R B E | P T R "I T B | [ T "I B R | Illilllll
0 5 10 15 20 25 30 35
Eacc (MV"’I"I} |CEA Saclay, SEA | GECS |
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Effect of Various Scattering Mechanisms on
Electric Resistivity

High purity + Homogeneity

Nb

)
High RRR material Vacuum annealing

2| NANOOHM-cm PER AT. PPM.
° [phonon —r VACANCIES OR INTERSTITIALS
] . /" (e.q. RADIATION DAMAGE
51 pim) ?0 %
G /
777 7
TR M7 77 %
72777 Y
i Y% %
2t 1) w9 | /] J10* DisLocaTIONS &m?
| Z : 22? & }2 % / /4
-V e " //’ 707 10 GRAIN B'DRIES/&m
L D st 0N Dok

E-Resistivity = Z(mechan-ism)i

= e-phonon scat. + e-Imprity scat. + e-inhomogenety scat.+---




Cure : Post Purifying of Niobium

Post Purification

gzww After cavity or half-cell is produced
.:  Heat in vacuum furnace to ~ 1350 C
 Evaporate Ti on cavity surface
e Use titanium as getter to capture
Impurities
o Later etch away the titanium

__Ti Tube

Ti Layer
L

12heq 1L

«  Doubles the purity
= 1  (RRR ~600 if originally RRR = 300)
Oxygen
impurity
atoms
Vac = 10* -6 torr T = 1300 - 1400 C
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Cure : Inspection of Nb Sheet and Cavity Surface

Defect free material : Quality control
Result of eddy current scanning a Nb disc, dia. 265 mm at DESY

Data - C:\Ewgene Dateren\Luftkopl D3.nsx M=l E
o0 W €0 a0 0 @ e S0 120 150 60 20 240 2 W0 10 WO W0 420
.rrm O 5 T T T W I 1 O U O T T T e T T O T |
o - Iron Inclusion
: s Anzeige - Luftkopd 08 =]
PR
=
o] & 20y o ¢
|Spur 141 [
(7
|Selsction: G4 mm= 0.5mm & -10.7 mm. 46.6 mm |365mm.-27.0mm | 2451 mv/A.-176.6° | 534 -NGiDigts | 45% Y.Im [Ch1 [1524 |LIN
Global view, rolling marks Real and imaginary part of conductivity at defect, typical Fe

and defect areas can be seen signal




Eddy current scanning system DESY

;a;a; a:-iﬁ

Jﬂ

s
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Cavity Inner Surface Inspection System : KEK

—

CRT monitor
Magnification ~13

"f.i' Illlfllllliilq', il

IS0 160 170 180 15D 200 *

[ oet ozt o 001 o
! e

Small CCD camera
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Cure : High Quality EB-welding

Better EBW

Etching by CP

ah

K.Saito

Defocus & Full penetration beam

ILC 2nd Summer School Lecture
Note

F hom bir R ast=rbeam

|
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_'f-._ ] 1. .I
F |7/
Pl W)
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11.4 Hydrogen Q-Disease

Q,-value strongly depends on cooling down speed.

Thermal cycles

after thermal cycles on the 1.5 GHz Cavity
1 - e :m:";*"' ST I' ___________ _
Cooling speed dependence| - b b i ; ['| ______ 1 r ]
o id : ' : 5 &
- W My L. L] - i = Lo : : a o
151[):. L - — Eﬂu....au o e LT R TR TP R I
: oo my  fast o x : TOh . :
= ‘o 3 il : 3h : :
S unun g o o a 5 - ]50-_.:.. S TH T 1 NX (e B e -
o © o 1 s i n
1E9 %ﬂ“"‘xxrx - g |uu.:_.f_.. r_l N Y O ...E
%‘w T 2h ] . : :
¢ a0 oo };0 I Eu'_. i e _ ..... N S .I.. ........ . :.-E
€8 |- | o o pof " Ja.UcaUuln’uUuJ?_
0 3 6 9 12 15 0 20 10 60 120

Eacc (MeY/m) Time (hours)

In 1990, Discovered At those days, all labs in Europe and US have

el VAT e Rl Pl eV been used chemical polishing, because it is

simple and no needs hydrogen degassing
annealing.
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Dangerous Temperature

-1011 [ | I T | T T T T | T [ T ! |' T | ! T :
- o CEBA@?@ Anodized 13008 N
|+ CEBAF#{5 Removed anodized film Anodizing is helpful
B Holding time: 24hr to relax the disease. |.
r"'-\,]D1G' | ) / N
LT = 3
= H
W = i
N ) i
o
& 10° -
: i :
| o i
y
105 | 1 1 1 | 1 1 ] | 1 I | l 1 1 1 L -
0 100 200 - 300 400

K.Saito

Holding Temperature [K]
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10

10

Recovery of Hydrogen Q-Disease

Warm up to 200K,
then the disease disappears.

- Z -~
g

o il 3. . .;* ...... 100K 2d4hrs. =
ML il g — -
o
t . CL*L' [ r -

. ..-..E "'f"-"'l.'hl.. " or A || b -:_.c-lﬂ 2hrs
\. ™ 2 90 T PO S . T _
= i

Huig e ——— : - _.'-'-:II_':ll": 5.1 hrs. e
i :
................... q.q.'_ . T =

| A 100K 15hrs
..................... x..kr ] e e e

| -
wWE A 200K 2hrs
[ HH" 0l

...... — ST W + 100K 15hrs

ﬁ
(mp]
o
c
-
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Mechanism of Hydrogen Q-disease

Mechanism
and Explanation of Symptons

At room temperature H moves freely,
there is some evidence of surface enrichment

When a cavity is cooled the dissolved hydrogen
precipitates as a hydride phase that has high rf loss
Tc of hydride = 2.8 K, Hc = 60 Oersted

This explains shape of Q vs E curves
of Q-disease cavities

Islands

7
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Hydrogen Q-disease in electropolished cavity

.*Hxxx !

I
‘iiit'itiiﬂ."“"'- L seb 0o o o M o ) %K

XL W [
i 1 s .,
i *
q G ! I * e

After annealing

#5-1 100 pwm vertical EP S

#5-1 alter annealing
‘ - - .
| "Nehady 00 goocoa #2 295um holizomal EP

#2 after annagling
|

0 2 4 B 8 10

X o+ & #]

o
|

Eacc[MV/m]

Hydrogen Q-disease is much serious on electropolished cavity.
Hydrogen degassing has been routinely done by annealing.
In those days, pre-cooling with liquid nitrogen had been used

and nobody knew the disease depends on cooling down speed. 206




11.5 Q-Slope

1012'I|||I||||I||||I||'I|I|'I|'II'I|
i Electropolshed Nb bulk cavity, No bake | |
- Q-Slope
10* NO X-rays |
Qo L m“i,.
N
o, \\’
10%° %/
Not FE
10°
0 5 10 15 20 25 30 35 40
Eacc[MV/m]

Discovered in 1998
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Crucial Baking Effect on EP Cavity

|||||||||||||||

® S-3cavity : EP, HPR, No bake
4 s-3 cavity : EP, HPR, Bake(120 °C)

104
E (X1 I T o o
- LA AAAAA ®
PR o
Qo | il

10%0 | ° /
X ([ )
[ o
L ]

10° :

0 10 20 30 40
Eacc [MV/m]

When took baking, Q-slope disappears in case of electropolished cavity.
KEK has been used baking and thought that it gets better vacuum.
They did not notice the Q-slope.




Disappeared Heating Spots by Baking
on EP Cavity

LO0E+11 . [ File -
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Small Baking Effect on CP Cavities
(polycrystalline)

1E+11 ——{saclay Cavity C118, F = 1300 MHz, T= 1.7 K[—————
:__'.’__I'_t;'_;t_t;:::::::::::::::::.:.::
o ’,:—‘—‘—1—A—1——A—‘—‘—’—‘..—.;——————— RF limit
¢ ] it w - — - ____J_*’! « - — — — {(No Quench)
A "TTgT g X f‘oo,.
““““““ A TR D \~Puln i
o fa e,
1E+10 . fo. 9.
® No Baking A s il s el sk i
R B e S B ERE D R
AI120°CBaking [ [ | v 1 1%
O150°CBaking | | | | ]} Yy v
200°C Baking QUENCHES
| l Ll
0 5 10 15 20 25 30

CEA Saclay, SEAIGECS Eacc (M Vim )

Baking effect on the Q-slope looks small on chemically polished

K-Sall polycrystalline cavity.




Partially Disappeared Heating Spots by Baking on CP Cavity

1.0E+11 |

' -

QO vs Epk
'+ After 1st baking :«J Before baking  After 2nd baking

Before Bake Epk = 42 MV/m

§ 10E410 -

1.0E409
0

10

K.Saito

ORNELL

U Nl VEE

20 30

Epk (MVim)

After First Bake Epk = 42 MV/m o
Heating spots are partially disappeared.
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Oxygen Diffusion

500 : . ! . . .

I . — 1 Diffusion time

| Baking Temperature 120°C (in hours)

. _
< 400 + 0.01 ]
'aE . — (.10
‘E’ ,EBDU T = = 1.00 i
Q
c o | ! — 110.00
o o ]
O €200 —121.00 |
- 1y \
= — 200.00
E 1[“] B i ‘ e ——— |
u —A

0 10 20 30 40 50 60 70 80 90 100
Depth (in nm)

Baking could defuse the oxygen contamination on the top into the bulk
and the niobium RF penetration surface could be become clean.




_oss Mechanism

Interface Tunnel Exchange(ITE Model)

By J.Halbritter

INBO, (x< 1)
| Nb NbO, Nb.Q., (x,y<1)
-
e e Ee
s s il
VT ————— p ‘;_ n _»i E-
A

/,.;‘; ~Inone RF cycle

Fig. 1: Nb surface with crack carrosion by oxidation by Nb,Ox Fig. 3: Band structure at Nb-NbOy-Nb,Osy interfaces with Ec-
volume expansion { factor 3). NbyOe-NbO, weak links/segregates Ep = = ':_'-1 — 1 eV as barrier heights for tunneling ﬂl‘mfz’-_’ Crys-
(y. % < 1) extend up to depths between 0.01 — 1/ 1-10 um for tallographic shear planes (~ 0.1 eV) or of Nb,Osy crystallites {~
eood — bad Nb quality and weak - strong oxidation [8]. I eV} Added is the superconducting energy gap A%(z) < Aq
Embedded in the adsorbate layer of HyO/CyHyOH (= 2 nm)  being reduced in NbO, clusters or interfaces and being normal

being chemisorbed by hydrogen bonds to NbOyOH),. conducting A* (z, = 0.5 nm) in localized states of Nb,Osy. By

adsorbate covered dust is found. This dust yields enhanced their volume expansion those clusters locally enhance T# and A*
field emission { EFE [7]} summarized in Sect. 3.1. = A, In adjacent Nb by the uniaxal strain yielding a smeared
BCS DOS.
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11.6 Magnetic Field

Enhancement on Sharp Edges

Normal Conducting region

\_ Magnetic Field Lines |

—
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Standand BCP Chemistry an niobiom
Shap boundary 2idges are clearly visible

Why the gradient can not be improved after baking in
chemically polished cavity ?

i
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Figure 19: Comparison of the measured cavity quality (Test
() with that calculated by (25) using H.;, = 1875 Oe.




Monograph effect on Magnetic field
By C.Antone

CBP is right way to eliminate
the monograph effect !!

J.Knobloch

Normal Conducting region

Flux trapping happens on the
steps perpendicular to the magnetic flux !

K.Saito ILC 2nd Summer School Le (a) (b}
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12. Surface Preparation Techniques

12.1 Mechanical Grinding

12.2 Buffered Chemical Polishing (BCP)
12.3 Electropolishing

12.4 Annealing

12.5 High Pressure Rinsing

12.6 Megasonic Rinsing

12.7 Degreasing

12.8 Cleanroom

K.Saito ILC 2nd Summer School Lecture 216
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History of Preparation Technologies

High current 2000~

1965~1970 KEKB

Horizontal EP

Application of semiconductor technology
Ultrapure water, Cleanroom

Stanford University

IHEP
Storage Ring “90|/2000
TRISTAN(KEK) >
BCP _ HERA(DESY) ¢,
Cornell Uni % Barrel polishin
1975~1980 ] Nb costed 1995~ polishing
cavit CBP
Germany Karlsruhe <3 JAERI FEL
USA ANL High purity Nb ecircular machine )
Post annealing CEﬁAbFSéaf)
High temperature annealin ab- . .
o e ) High Gradient
TTF(DESY
120°C
Baking for BCP cavit)
1978~
SNS
) ATLAS(ANAL)
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Various Surface Defects

Nb on niobium surface |

ks ‘M ugeY .
LA - - -|-I' P
‘-\.

Mechanical grinding is a powerful tool to remove large surface defects.




12.1 Mechanical Grinding

MG is very powerful to remove surface defects but remains
Contamination on the ground surface.

Buffing

It is usually used as pre-treatment before chemical preparation.

* Very powerful

* High reliable

 Well controlled the surface
roughness

Used in the TRISTAN @ KEK
All half-cup were buffed.

Other mechanical grinding for welding
seams.

Problem with buffing
1) High cost

2) Impossible to completed

Buffing TRISTAN 320 half cups. structure




Contamination by mechanical grinding

Need to make a chemical
preparation in order to
remove these contamination.

Remained grains of grinding material
Barrel polishing

K.Saito ILC 2nd Summer School Lecture 220
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Water and soap

200

T 150

Tumbling

N\

100rpm

1

or Barrel Polishing(BP)

Easy for EBW seam at equator

g G =i[ﬂ}l'
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P TY
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~f 4 |
: E !L' I |
- i B

il [ i
.+ 08 - = N —sai
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LY

------
ttttt
. L3

4 Z

,Grinding Stone

S 24l ] * Simple
[T e Possible to a competed structure
T . * Low cost
RN SRRRAL | Problem in BP
<teampipe 7| 7 7 e 1 Slow material removal speed 3um/day
cell
3872377 Sesag2]| Takes «0Nne Week” to remove 30pm.

Measured position

Dopes hydrogen in the Nb material




Confirmation of the BP effectiveness
as pre-treatment prior to EP

Cavity was annealed after BP.

% T T T T 771177 Why so often limited at 22MV/m?

10 10

- + ¢ + g SUEY

0,

O

S - .O
L
A%

K-4; BP 46 um, EP10 pm, 800°C*5hr, MSR, HPR 1
K-8; BP 49 um, CP 5pm, EP 10 pm, 800°C*5hr, HPR
K-9; BP 29 um, CP 7 pum, EP 30 pm, 800°C*5hr, HPR
K-12; BP 76 um, CP 5um, EP 10 pm, 800°C*5hr, HPR

N-2; BP 103 pm, EP 10 pm, 770°C*5hr, MSR, HPR

~ 5 10 15 20 25 30 35

Eacc [MV/m]

Confirmed 25MV/m by combination BP+Annealing + EP,

25MV/m was enough high gradient in those days (1995).
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Some trials to improve the material removal speed of BP

Chmical BP

Nomura Plating ——— T

200 LA

1
L @ swing bar‘relxp(;hshmg ‘L l e chemlcal barrel pollshlng for 3hrs
L O barrel polishing | O barrel polishing for 10days
i q |
I g ] 40 °
= 150 =
1S @ ®
- J = D
B ° . o [0
° ] 30 o ® LY
[ - ] o ®o (@ %O Se .o OO
o
100 8 hd g e %, °, o IR )
I 10} =1 2 °
o) 20 5
- : o} q | 0} o) S o}
<—beam pipe +—>| beam pipe — a
0 [ ] © O i
7 cell ] 10 beam pipe —> beam pipe ——]
| ] cel
Lt O [oN0] O T f T ? ¢ 1 oD OO DO D O (0]
L ? T ?? ] YO YU O YU (ORCAORONO)]
J2lee? ¢ 0
0 5 10 15 20 25 0 5 10 15 20 25
Measured position Measured position
No improvement on the removal speed jmmer Large removal speed

Noi but could not good cavity performance




Innovation Centrifugal BP (CBP)

See the point
on the rotating table.

Rotate cavity on a “rotating table”

Rotation directions are opposite
each other

NN A

Two centrifugal forces are added on the grinding stones




Developed CBP Machine

= | KEK -

Front surface Three cell CBP (1300MH?z)

My

sl K .
iry o i\ & + Ko
T NG . K4 i H ul
H [} o H ~ -
: DT : ‘N A
H s | . bl NH
H HEIH Y ¥
L)
. 1 .
na
v
3
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L 1)

Rotation mechanism fSUESESE e
Cavity rotating/table rotation 0 10 S 0




CBP Finishing Surface

Large Grain cavity case

Rough stone (rough) : 5 times (4 hour each)

Green stone (medium)

- Once

Brown stone (medium): Once Very fast removal speed!
White stone (for final fine finish) : Once
Totally ~ 200 pm removed @ equator

Material removal speed: “0Ne WEEK’’(BP) === 4hr (CBP)

Before CBP (equator EBW seam)

L After CBP After light CP(10pum)




12.2 Buffered Chemical Pollshlng (BCP)

:, Harmfulgas SRR W
& NO

Simple and A large material removal speed
(10pm/min @ R.T.)

Problem of BCP: Surface is not so smooth.

HF(46%) HNO,(60%) H,PO, Chemical reaction:
1:1:1 (VIV) 6Nb+10HNO, > 3Nb,0.+10NO T+5H,0
Nb,O, +10HF - 2NbF, + 5H,0

No reaction with Nb, Mild the reaction,

Increase viscosity of the acid. 6Nb+10H NO,+30HF +» 6NbF5+1ONOT +20H,0




_CEBAF CP &Rinsing_

Quick rinsing
“against the runaway

Shower for

Rinsing the outer

cavity surface

 reaction

K.Saito

CP acid tank
Cavity is immersed
in the BCP acid.
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Rtm [jam]

Characteristics of BCP

8r ! i T —i _ T T T T
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: o9 3 100 e gigig e - -y =0.4812 * ¢(0.031628x) " E
6 = |une| - y = 0.23513 * £(0.01943x)
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o] L
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o
[72]
S 14
o E
- E
E (5]
» id
P 0.1
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Removal Thickness [pum]

Acid Temp : T°C]
Typical surface roughness = 2 ~ 5 um after 100um CP,
Material removal speed ~ 10pm/min at the room temperature with CP acid 1:1:1

CP is faster in material removal speed than EP.

The finished surface roughness strongly depends on the grain size of the Nb materialé




12.3 Electropolishing

I| Current

5
+

| | |
z i T=30C i
;-_ - v=20V -
E 10 B 2minon 2 min off $ agitation X N :
- Intermitted EP -
Acid: = L .
H,SO, (>93%): HF(46%)=10:1 V/V T5k _
Chemical reaction: = T :
2Nb + 10HF +2H,0 % 2H,NbOF, + 5H2f - -
0 -

H,SO, does not react with NDb, , ! |

which make viscosity in the acid. 0 1 2
A feeding time (minute)




EP Finished Surface

T ! !
- —®— #6 Roughness (Rtm)
| --O- #13 Roughness (Rtm)
=X #22 Roughness (Rtm)

Roughness(Rtm) fum]
-

o o
R0}
E“x-.X"xn}E.E)__}(__—_(}x____!-}_*a___:__“_____(%_“_“_“_“_“_“’(_“__._“_“_“_“_Q__ T DR e Bty S Sofielivdeu-fied —:
0 3 1 1 Il 1, L ). L 1 1 1, Il 1, ‘: Il L 1 1l 1 L 1 L L 1 L L L 1 L 1L ]
0 50 100 150 200 250 300 350

Removal Thickness [um]

1) The finishing surface roughness depends on that of the initial surface.

2) The finishing roughness becomes smooth exotically with the material removal.
3) Grain boundary is not sharp edge as that of BCP case.

4) Easy control of surface roughness.

K.Saito ILC 2nd Summer School Lecture 231
Note




KEK Early EP (Vertical EP)

- Very hazardous working environment

3 cell structure

lﬂ" 1 1 L I 1 1
0 1 2 3 4 5 6 7
Fig.8 Eacc [ MV/m ]
Qo-Eacc curves of a three—-cell
cavity electropolished using the
vertical EP method. R,C,L-cell
are single cell cavities before
completing the three cell 23

cavity.




Innovation of the Horizontal EP

a:r
__air fi lter n m rntary sleeve == air, Hz2, HF

calutmn_.."l:." s 3 Ltoverflow
. = 13 4 port
tevel RS oy (S T A A
- Bt i T '- ~—solution
luminun ¥ P L
:athode . carbon e
brusH motor

777777 7,

Close the EP acid in the EP system to improve the working environment.
Easy H, gas evacuation even for multi-cell cavity.

Uniform material removal in each cell for multi-cell cavity.
Simple control.




Cathode Ba

If no cathode bag

Hydrogen babble trace on Nb surface

g

>
- o .
st N
" \\\
/
2Y W
VA
o e I

speceasesces s 'i\!‘p’oo{f‘o\
e s [ #

Hydroge babbles
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density(mA/cm?)

Current

Electrolishing Characteristics with Nb

Cw

—
C}M

D—l

10°

[ Sa/Sc=1
d=40mm

Voltage -current
ty curve

| ITIIII]

Pl

_

S

Etching
25°C,1V

L1 e el

7 iaiatal icic

1 Current
:oscillation
|

I

"Etching | Micro | Macro
:polishing

II

Micro polishing
25°C,10V

R

[11

11

Macro polishing

25°C, 24V

Oxygen
genera-

:polishing

10

Voltage(V)

20

v

Oxygen generation
25°C, 26V




Reconsideration of the Current Oscillation

KEK

(%)
.SOscmahcm e Current oscillation control is not

gp{  charge ratio right EP condition
301
20
10+
0 0

Best Finishing Voltage

10 -' v
7K el S
LSRN Wi~~~
v A
V77 fff%ﬁ% LS

el s
/??///////////////
TEBJ
Bath temperatuer
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Successfully developed Horizontal EP system
-

[1300MHz single cell cavity

’ ._-” i) )%‘ i ”

.......
e S0
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EP System Flow

Ratary Joint
B=cell cawity

Solution exhaust line

Pure Al cathode

-+

i =

_ Flow \I

Water supply meter |/ — b =] —r
‘Lm LR "'ﬁ”J — out
3

e

Water supply

= N

Cooling water

2

-
S

3
'|

STGFL‘:QE Pump
fank -

Heat exchanger
(PFA)
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EP Control

TRISTAN 508MHz 5-cell cavity,

Removed thickness({ um )

Continuously EP

1200

800

Current(A)

200}

100 F

200
sl . : , Jioo
o . o' : . f N i
N hl..q' "“' '.I-! ‘n-pumi: ‘I-O I." ""lﬁ} i

Io

B AVAVAVAVA\RS
VIV

5-Cell cavity

EP time (minute )

| | T T T
EPI(80pm) | =
current ﬁf . .
1 g bbb e Lkt b . NS Uniform removal in each cell
i - iy et i | >
il ' i —40 ~
solution temp. in chvit -4
/ solution temp. in reservoir —430 g
. - b e e ool D
voltage P E
e
—10 ®
s
1 | ! 1 — 239
0 60 120 180 240 re

(,wo/yw)AJsuap jualind




Cathode extraction after EP TRISTAN

K.Saito 240

Nomura Plating




Arbitrary unit

Material Choice for the Reliable EP System
To build a reliable EP,

material chose in the EP acid line is curtalil.

Only the Teflon is the reliable material
for EP acid line.

{3,3' =dichlorodiphenylsul fanel

|

A . CCls
B : Impurity in CCle {2.6-di—t— butylethylphenal)

C . Stobilizer in CCls {tri=t=butylphenal)

KEK EP system is still working for 20 years.

Retention time(arbit. unit)
241

Dissolved chemicals into EP acid from Plastic Materials




Contamination Problem from Buffing

SEM Image

v::;

Sulfur Al, Si, Fe are originated from buffing (TRISTAN)

S Is due to decomposition of H,SO, during EP process.

In the early stage of the TRISTAN mass production, these contamination
brought heavy field emission on cavity performance.
The EP system was overhauled once. See next slide.




Sulfur Contamination in EP System

Reduced H,SO,

4

S precipitated
on the
contaminants

Teflon heat exchanger tube Teflon lining EP acid tank brand-new

Brand-new

EP system
was cleaned up.

243
The contaminated heat exchanger  The contaminated EP acid tank




Total pressure (Torr)

Hydrogen partial

T L] T T i’ T ] L] ' L]
-5 I I - Pefore EP
10 -+ EP(90um) —
o -&- jn solution 3
0 during EP .
I - A
i -3 -
-B l"t“-‘-'
107k T aoo” e
-= al solution surface R
o~ CP(20um) during EP
107 I A At e ]
£ F 'll .
- N N
:E i ]( -F\-< -
] / .
v [ } E
5 F i y :
> : N .
L0} - -
a
e p— -
3 o
| thbJ- £ Pl
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0 400 800 1200
Sample temperature (C%)

12.4 Annealing

y

i
|
.:Kxﬂxxt!:x‘ 1

MMM oy i
L ] i
Salakalt L T IS I M X o

ARAE T YL WY * sab ese pa e Wy
bl LR 3 iy L3 |
;i ] 1
¥

L
L I
-~

04.10‘-;..1

w

After annealing

#5-1 100 pm vertical EP

a
+ #5-1 after annealing

+  #2 295um holizomal EP
x #2 after annaaling

2 4 6 8

Eacc[MV/m]

10

Hydrogen doped in niobium material is easily
degassed at 700~800°C.

This temperature dose not soft the niobium
material.
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Annealing Furnace in KEK Machining Center

.........
= L

a i
T —

KEK Machining Center

S s e
x L ]

v | 4

Molybdenum Heater

1300°C max, 1X10°¢ Torr

Radiation

shield

K.Saito
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Stainless or ceramic
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K.Saito

Large Vacuum furnace for ILC cavity
KEK Machining Center

i
*[ [

Specification 800°C, ~E-6 Torr,
Working zone 500¢x 3000L

ILC 2nd Summer School Lecture
Note
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Post Purification (Titanization)

Post Purification

Using Titanium getter effect, Oxygen in

Nb material can be reduced.

247

- RRR cab be increased by this process.
e Cavity o Problem: Softening of the material
el . .0
SE: =t ] 2 ) . . .
q | i Diffusion Coefficients
5:5 4 | G- 1.354 - 10
B 4 1 = O : 0.20exp(- T) cm 2 / sec
1.670 104
5 o i C: 0.043exp(- ———) cm?/ sec
- to,
o ki
= 1.758 - 10
E N : 0.0085exp(- T) cm 2 / sec
T o) N C
Oxygen (°C) mm /hr mm /hr mm /hr
impurity 900 0.4 0.005  0.005
atoms 1000 0.6 0.008  0.008
Vac = 10* -6 torr T = 1300 - 1400 C 1100 09 0.13 0.13
1200 1.2 0.19 0.19
1400°C annealing with Ti 1400 2.0 038 038
@ DESY TTF Cavity Summer School Lecture
Note




RRR Improvement by Post Purification

100 . ; P.Kneisel

S0 It=1150°¢C

Improved by a factor 3

T=1250°C

100

500 1 I | I i

300 T=1300°C

100

Time ( Hours)

Dependence of the RRE-values on reaction
temperature and reaction time for niobium
samples of different purity exposed to
K.Saito titanium vapor ( @ 1/8" thick, RRR=27; 248
A1/8" thick, ®rr=37; M 1/16" thick,
RRER=77)




12.5 High Pressure Water Rinsing

TRISTAN rinsing method

Parigle sirc

£0,30-1.20 pim
[,20-2.01 pm
200200 fun
= 300 pm

Taotal

Paricle size

0.30-1.20 prn
1.20-2.01 pum
2011300 pm

= 3000

Totul

Count
5525
405
3720
1063
1Ty

52

1017

E acc [MVim]
16.6 22.1 27.6

] | W o ) v |

: SUBM W—
rinse, 10 hrs @ 90-110K

- = EP, malhanal
@ High Prossure Hinse { 04 kL_;.-'l:r"JE , 20 min )

-—— () Add. 4.5 min BCP, High Pressure Binsing, 930305FK

! | !

TESLAZDOD -
largel

10
40 50
E peak [MV/m]

B0

on niobium cavities.

HPR is a very powerful tool to remove the particle contamination

K.Saito
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From ultrapure
water system

'

Pressure
regulator

Filter

K.Saito

2X

HPR System

[
()

Rotation

.I"u i

Nomura Plating
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K.Saito

HPR Systems at other labs

ILC 2nd Summer School Lecture
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12.6 Megasonic RiInsing

An attractive rinsing method if compact oscillator can be product.

K.Saito ILC 2nd Summer School Lecture
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Megasonic Rinsing Effect

HPR rinsing

Farticle size
0.30-1.20 um
1.20-2.01 pm
2.01-3.00 um
> 3.00 pm

Towal

Count
673
30
305
90
1118

Fig. 11 Residual particles on a wafer surface after HPR; rinsing condition 19 in Table

Mega-sonic| -

rinsing

Particle size
0.30-1.20 um
1.20-2.01 um
2.01-3.00 um
= 3.00 pm

- Total

coune . AMount of particle
s Contamination is
. reduced to 1/5 of HPR
43
18 /
224

Fig. 12 Residual particles on a wafer surface after megasonic rinsing; rinsing condition

16 in Table 1.
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Megasonic rinsing can be an alternative of HPR ?

KEK will start
Investigation of Megasonic.

K.Saito ILC 2nd Sum




12.7 Degreasing after EP

Developed @ JLAB, J.Mammosser
Additional HPR @KEK Additional Degreasing + HPR@KEK

IS#2 reset 8th meas.
(total 24th) IS#2 reset 9th meas.

2007/3/9 Fri._ (total 25th)  ,007/3/20 Tue.

10 1 I I I I

108 ———

T Pissese wq
— . | guench
107 - 10%° X-ray >28MV/m, |
o ] less then 0.8 uSv/h
RERRERE 5 IR o Eacc=42MV/m ]
b i imited by FE,,,,;A,,, o Q0=1.83e10 @2K ]
1 Eacc=36.7MV/m Y
10° ¢ Qo=365€9 @2K & 10°
HPRPW@KEK, 308) - Degreasing(1 h) +HPR(PW@KEK, 3/17)
108 TOC=210~160ppb, Bacteria=5~ 3 ‘ A ‘ A 10° i'I'(i)Ci::Li3:?~:iL4(inipbi,I?)aict(ieriia:i8~l6i L
0 10 20 30 40 50 60 0 10 20 30 40 50

Eacc [MV/m]
Eacc [MV/m]

(Use Japanese degreaser)

Degreasing is very much effective to eliminate contamination !




Count

Count

Count

pacting

o Br M W A O O N

3 8 13 18 23 28 33
Eacc [MV/m]

EP 20um

38

43 48

© B N W M O O
TTTT

|

13 18 23 28 33
Eacc [MV/m]

3 8

o B N W N~ O O N
TTT T T TT T 7777

N=

3

s 8 13 18 23 28 33
Eacc [MV/m]

38

43

48

Count

Degreasing or H,O, rinsing is  [EEERE-NENE:
effective to suppress MP!

Count
N w F (3] ()] ~

_C 2nd Summer School l_ ,
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O B N W A O O
TTT 1T

EP 80+3um

Bl EP(80+3)

3 8 13 18 23 28 33 38 43 48
Eacc [MV/m]

EP 20+3um N=6

33
Eacc [MV/m]

EP(20um) + H.O,
1 ‘.‘ E‘P(Z‘O)"“HZC‘)Z‘ ‘ i&iiiiiiiifiiiiiiiifiiiiiiiifiiiiliiifiiiiliiiz

N=4 (No MP=1) -

38

3 8 13 18 23 28 33 38 43 48
Eacc [MV/m]




12.8 Cleanroom Assembly

HEPA filter (class 100) ULPA filter (class 10)
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